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FOREWORD 

This  document i s  submitted i n  accordance wi th  the  r e q u i r e -  
ments of paragraph 5.8 of NAS1-7043, Contract  Statement of Work 
L-7138A, Exh ib i t  A .  

The work p e r t a i n i n g  t o  development of meteoroid d e t e c t o r s  i s  
included i n  t h i s  volume. Volume I1 comprises t h e  i n v e s t i g a t i o n  
performed on thermal c o n t r o l  coa t ings  f o r  t h e  MPPD program. 
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METEROID PENETRATION DETECTOR DEVELOPMENT PROGRAM 

FINAL SUMMARY REPORT 
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By Sidney L. Russak, Rufus 0 .  Moses, D e l  Gray 
and Russel  L. McCord 

Mart in  Marietta Corporat ion 

INTRODUCTION 

The Meteoroid P e n e t r a t i o n  Detector  Development (MPDD) pro- 
gram o b j e c t i v e  was t o  develop and q u a l i f y  p e n e t r a t i o n  d e t e c t o r s  
f o r  use i n  long-term e a r t h - o r b i t a l  o r  deep-space mis s ions .  The 
d e t e c t o r s  developed on t h i s  program were a n  e x t e n s i o n  o f  t h e  con- 
c e p t  of t h e  sma l l e r  d e t e c t o r s  s u c c e s s f u l l y  flown on t h e  NASA-LRC 
S-55 s e r i e s  of s a t e l l i t e s  and Lunar O r b i t e r s .  Both NASA and 
Mart in  Marietta,  under c o n t r a c t  t o  NASA, s t u d i e d  t h e  s c a l i n g  up 
of  p e n e t r a t i o n  d e t e c t o r s  from the  s i z e  used i n  t h e  aforementioned 
programs. These s t u d i e s  and the experimental  work t h a t  followed 
i n d i c a t e d  t h a t  l a r g e ,  f l a t ,  p re s su r i zed  d e t e c t o r s  t h a t  o f f e r e d  
an  advantage i n  t a r g e t  area e f f i c i e n c y  over  t h e  c y l i n d r i c a l  de- 
t e c t o r s  could be made. One c y l i n d r i c a l  d e t e c t o r  c o n f i g u r a t i o n  
w a s ,  however, c a l l e d  f o r  i n  the  MPDD program. S t a i n l e s s  s t e e l  
was s p e c i f i e d  a s  t h e  MPDD t a r g e t  m a t e r i a l  t o  provide c o n t i n u i t y  
w i t h  t h e  d a t a  ob ta ined  on t h e  S-55 s a t e l l i t e  program. Detec tor  
t h i c k n e s s e s  were s p e c i f i e d  extending from 0.002 i n .  up t o  0.042 
i n ,  The t h i n n e s t  gage a f f o r d e d  c o n t i n u i t y  w i t h  the  t h i n  f o i l  
d a t a  of t h e  S-55s and Lunar O r b i t e r s .  The h e a v i e r  gage d e t e c t o r s  
were, however, of  primary i n t e r e s t  because they  would measure the  
p e n e t r a t i o n  hazard a t  t h i c k n e s s e s  more meaningful t o  a c t u a l  space 
v e h i c l e s  and e l i m i n a t e  t h e  g r e a t  u n c e r t a i n t y  e x i s t i n g  i n  the  ex- 
t r a p o l a t i o n  of t h i n  f o i l  d a t a  t o  s p a c e c r a f t  s t r u c t u r a l  t h i ckness -  
es .  

A t  t h e  i n i t i a t i o n  of  t h e  MPDD program, t h e  i n t e n t  o f  t he  
program was t o  develop meteoroid d e t e c t o r s  t o  be flown on t h e  
advance meteoroid p r o j e c t  (AMP) s a t e l l i t e .  The d e t e c t o r s  were 
t o  be developed i n  two s i z e s  (40  by 49 i n .  and 40 by 12 i n , ) ,  
which could be f i t t e d  in te rchangeably  i n t o  a mounting bay of t he  
s p a c e c r a f t ,  and i n  t h e  material  gages s t a t e d  above. The program 
was subsequent ly  expanded t o  inc lude  a wide a p p l i c a t i o n  o f  de t ec -  
t o r  c o n f i g u r a t i o n s  capable  o f  f l y i n g  on o t h e r  mis s ions ,  such as  



"piggy-back" experiments on o t h e r  s p a c e c r a f t ,  w i t h  a minimum of  
a d d i t i o n a l  q u a l i f i c a t i o n  f o r  changes i n  d e t e c t o r  s i z e  and/or  
t h i c k n e s s .  

A v a r i e t y  of  d e t e c t o r  c o n f i g u r a t i o n s  were s p e c i f i e d  t o  i n -  
c r e a s e  t h e  u t i l i t y  of  t he  developed hardware. These comprised a 
f ami ly  of  d e t e c t o r s  t h a t  could be flown on v a r i e d  miss ions  and 
included v a r i e t i e s  t o  be flown on open s p a c e c r a f t  (and s u b j e c t  
t o  puncture  from e i the r  s i d e ) ,  o r  on s p a c e c r a f t  providing pro- 
t e c t i o n  t o  one s i d e  of  t he  d e t e c t o r .  The b a s i c  p re s su r i zed  de- 
t e c t o r  c o n f i g u r a t i o n  i s  composed of two f a c i n g  s h e e t s  o f  t a r g e t  
material  of  e q u i v a l e n t  t h i c k n e s s  and uses  a n  i n t e g r a l  p re s su re  
switch f o r  s ens ing  d e t e c t o r  puncture .  For t h i s  c o n f i g u r a t i o n ,  
bo th  s u r f a c e s  could be exposed t o  the  meteoroid environment w i t h  
t h e  d e t e c t o r  mounted i n  an  open framework. A v a r i a t i o n  of  t h e s e  
d e t e c t o r s  i s  made up of t h r e e - p l i e s ,  t h e  middle p l y  a c t i n g  a s  a 
common bulkhead forming two p res su re  chambers. Each chamber has  
i t s  own p r e s s u r e  swi t ch ,  The d i r e c t i o n  of a r r i v a l  o f  t h e  pene- 
t r a t i n g  p r o j e c t i l e  can then be g r o s s l y  determined. Another v a r i -  
a t i o n  was intended t o  be mounted so t h a t  one s i d e  o n l y  would be 
exposed t o  t h e  meteoroid environment. The unexposed s i d e  i s  
made t h i n n e r  t han  the  ta rge t  s i d e  o f  t h e  d e t e c t o r .  A bumper- 
d e t e c t o r  c o n f i g u r a t i o n  made use of  a t h i n  f o i l  "bumper" on t h e  
0.002-in.  f l a t  d e t e c t o r  pane l .  The "bumper" could be a d j u s t e d  
t o  v a r i o u s  s t andof f  d i s t a n c e s  from t h e  t a r g e t  s h e e t .  Th i s  con- 
f i g u r a t i o n  when compared w i t h  d a t a  from t h e  5-55 program w i l l  
e v a l u a t e  the  e f f i c i e n c y  of  a double-wall  s t r u c t u r e  i n  r e s i s t i n g  
meteoroid p e n e t r a t i o n .  

A l l  d e t e c t o r s  designed, b u i l t ,  and t e s t e d  du r ing  t h i s  pro- 
gram were f a b r i c a t e d  of  a r e l a t i v e l y  new co r ros ion  r e s i s t a n t  
s t ee l  a l l o y ,  Armco 21-6-9 a l l o y ,  Th i s  mater ia l  combines ve ry  
h igh  s t r e n g t h  i n  t h e  annealed cond i t ion  w i t h  h igh  d u c t i l i t y  and 
good w e l d a b i l i t y .  The material  performed admirably,  pe rmi t t i ng  
d e t e c t o r s  t o  wi ths tand  a l l  t he  t e s t  environments. 

Ten d e t e c t o r  c o n f i g u r a t i o n s  were i n i t i a l l y  i n v e s t i g a t e d  on 
t h e  MPDD program, These a re  desc r ibed  i n  t a b l e  1 on page 16 
of  t h i s  r e p o r t .  Seven of  t hese  Conf igu ra t ions  were c a r r i e d  
through t o  completion and q u a l i f i c a t i o n  t e s t i n g .  

Only a l i m i t e d  number of d e t e c t o r s  were b u i l t  f o r  d e l i v e r y  
a t  the end of  t h e  program. It w a s  a n t i c i p a t e d  t h a t  a subsequent 
procurement might be i n i t i a t e d  f o r  t h e  l a r g e  number of d e t e c t o r s  
t h a t  would be needed on a meteoroid s p a c e c r a f t .  To f a c i l i t a t e  
t h i s  subsequent prscurement, a comprehensive Production Plan was 
prepared covering a i 1  a s p e c t s . o f  procurement, f a b r i c a t i o n ,  t e s t -  
i ng ,  and i n s p e c t i o n  a f  t h e  d e t e c t o r s  t o  f a c i l i t a t e  competi t ive b i d .  
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SUMMARY 

The Meteoroid P e n e t r a t i o n  Detec tor  Development (MPDD) pro- 
gram t o  des ign ,  develop,  f a b r i c a t e ,  and t e s t  meteoroid d e t e c t o r s  
was organized  i n t o  t h r e e  phases .  The f i r s t  e i g h t  months o f  t he  
program comprised t h e  Pre l iminary  Design and Development Phase.  
The t a s k s  du r ing  t h i s  per iod  included the  s e l e c t i o n  o f  cand ida te  
components and m a t e r i a l s ,  des ign  and a n a l y s i s  of  d e t e c t o r s ,  e s t a b -  
l ishment  o f  candida te  f a b r i c a t i o n  techniques ,  and t h e  f a b r i c a t i o n  
and t e s t i n g  o f  bo th  subs i ze  and f u l l - s i z e  candida te  d e t e c t o r s  f o r  
each of 10 c o n f i g u r a t i o n s  desc r ibed  i n  t a b l e  1 t o  determine t h e i r  
c h a r a c t e r i s t i c s .  Candidate d e t e c t o r s  f o r  each of t hese  conf igura-  
t i o n s  were designe'd, b u i l t ,  and t e s t e d  both  i n  subs ize  and f u l l  
s i z e  t o  a s s i s t  i n  f i n a l  d e t e c t o r  s e l e c t i o n  and eva lua t ion .  D e -  
t e c t o r  c o n f i g u r a t i o n s  were s e l e c t e d  from four  jo in ing  processes ,  
t h r e e  c a v i t y  forming processes ,  and numerous c a v i t y  des igns  a s  
desc r ibed  i n  t a b l e  2 .  

O f  t h e  j o i n i n g  processes  considered,  s o l d e r  was q u i c k l y  
dropped when i t  became appa ren t  t h a t  s o l d e r s  could not  meet t he  
s t r e n g t h  requi rements  a t  t h e  u p p e r  d e t e c t o r  temperature  l i m i t .  
The r e l a t i v e  success  w i t h  r e s i s t a n c e  welding as  t h e  j o i n i n g  proc- 
ess and t h e  r e l a t i v e  l a c k  of success  wi th  f l u x l e s s  i n e r t  gas  f u r -  
nace b raz ing  l e d  t o  t h e  e l i m i n a t i o n  of f u r t h e r  work i n  b raz ing  
except  f o r  t h e  t h i n n e s t  gage "F" conf igu ra t ion .  Brazing develop- 
ment was c a r r i e d  on i n  t h a t  conf igu ra t ion  i n  a h igh  temperature  
vacuum furnace  acqui red  s h o r t l y  a f t e r  t h e  s t a r t  of t he  second 
phase.  Welding proved t o  be a v e r y  e f f e c t i v e  and r e l i a b l e  method 
f o r  f a b r i c a t i o n  o f  d e t e c t o r s ,  bo th  i n  spo t  and seam welding.  
However, welding t h e  t h i n  f o i l  "F" c o n f i g u r a t i o n  presented  a 
s p e c i a l  problem t h a t  r e s i s t a n c e  welders  of  t h e  l a t e s t  des igns  
a v a i l a b l e  a t  t he  Mart in  Mar i e t t a  Corporat ion could not  s o l v e .  
Following a survey of t h e  welding i n d u s t r y ,  a new type of  r e -  
s i s t a n c e  spo t  welder  was acqui red  f o r  t h a t  s p e c i f i c  conf igura-  
t i o n .  Th i s  welder  proved t o  be s u i t a b l e  f o r  t h e  "F" conf igura-  
t i o n  and s a t i s f a c t o r i l y  jo ined  the  2 m i l  t a r g e t  s h e e t s  t o  t h e  1 6  
m i l  c o r e .  

Cavi ty  formation w a s  achieved by t h r e e  methods, namely $re-  
forming of  t a r g e t  s h e e t s ,  p r e s s u r e  expansion o f  jo ined  d e t e c t o r  
t a r g e t  s h e e t s ,  and chem-mill ing.  It was d iscovered  t h a t  chem- 
m i l l i n g  could no t  main ta in  the  requi red  t a r g e t  s h e e t  t h i ckness  
t o l e r a n c e s  and was e l imina ted  except  f o r  t h e  co re  s h e e t  of  t h e  
t h r e e - p l y  c o n f i g u r a t i o n s  (D2 and E2). The f i r s t  preforming 
specimens were made w i t h  i n d i v i d u a l  punch and d i e  se t s .  Th i s  
proved the  technique f e a s i b l e .  Hodif ied welding e l e c t r o d e s  had 
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t o  be developed t o  f i t  w i t h i n  t h e  shape of  t h e  “dimpled” preformed 
t a r g e t  s h e e t s .  When t h e  requirements  of t h i s  technique were es- 
t a b l i s h e d ,  t h e  preforming of t a r g e t  s h e e t s  was s h i f t e d  t o  use of 
a dimpled d i e  and u s e  of  e i t h e r  a hydrau l i c  p r e s s  o r  exp los ive  
forming. Toward t h e  end of  t h i s  phase of  t h e  program, f u l l - s i z e  
t a r g e t  s h e e t s  f o r  t he  th ree -p ly  conf igu ra t ions  were preformed 
us ing  a machined d i e  and exp los ive  forming,  This  technique was 
v e r y  success fu l  and poss ib ly  could have been used f o r  a l l  t h e  
gages o f  s t e e l  i n  t h e  program. However, t h e  h igh -y ie ld  s t r e n g t h  
of  t h e  21-6-9 s t a i n l e s s  s t ee l  l i m i t e d  t h e  gages t h a t  would be p r e -  
formed f u l l  s i z e  i n  the  150-ton hydrau l i c  p r e s s  acqui red  f o r  use 
i n  t h e  MPDD program. 

Most of  t he -expe r imen ta l  des igns  were pressure-expanded a f t e r  
j o i n i n g .  Th i s  c a v i t y  formation technique was q u i t e  success fu l  and 
provided a b u i l t - i n  check of  t h e  s t r e n g t h  of t h e  j o i n t s .  The 
technique involves  j o i n i n g  t h e  two t a r g e t  s h e e t s  t oge the r  s o  they  
a r e  p re s su re  t i g h t ,  and then  in t roduc ing  p r e s s u r e  between t h e  two 
s h e e t s  t o  expand them i n t o  t h e  d e s i r e d  c a v i t y .  This  technique 
proved t o  provide a good check of t h e  d e t e c t o r  j o i n t s ,  i n  t h a t  
approximately t h r e e  t imes d e t e c t o r  proof p re s su re  was r equ i r ed  t o  
provide the  d e s i r e d  c a v i t y .  J o i n t s  t h a t  wi ths tood  t h i s  p re s su re  
wi thou t  f a i l i n g  r a r e l y  gave problems l a t e r ;  and t h e  j o i n t s  had 
adequate  s t r e n g t h  t o  wi ths tand  t h i s  p re s su re  r e l i a b l y .  

The j o i n t  p a t t e r n s  inc luded  squares, t r i a n g l e s ,  c i r c l e s ,  
hexagons, and l a b y r i n t h  p a t t e r n s .  Some of  t he  p a t t e r n s  were 
made both  i n  i n t e r r u p t e d  seamwelds a s  w e l l  a s  spo t  welds .  The 
d e t e c t o r  edges were sea l ed  by seam welding.  Severa l  hundred sub- 
s i z e  d e t e c t o r s  were b u i l t  and t e s t e d  us ing  combinations of  t h e  
above-descr ibed forming and j o i n i n g  methods. These specimens 
were p res su re  cycled t o  develop engineer ing  d a t a  f o r  des ign ’o f  
f u l l - s i z e  d e t e c t o r s .  

J o i n t  s t r e n g t h s  used f o r  des ign  of  t h e  j o i n t  p a t t e r n  were 
based on e x i s t i n g  MIL-HDBK-5 v a l u e s  and t h e  f a b r i c a t i o n  of sub- 
s i z e  d e t e c t o r s  commenced a s  soon as  welding schedules  were e s -  
t a b l i s h e d  t h a t  gave j o i n t s  w i t h  s t r e n g t h  a t  l e a s t  equal  t o  hand- 
book v a l u e s .  For braz ing ,  we developed our  own “a l lowables”  ap- 
p r o p r i a t e  t o  t h i s  s p e c i f i c  a p p l i c a t i o n .  Braze j o i n t  s t r e n g t h s  
were lower than  weld s t r e n g t h s  and i n c o n s i s t e n t ,  After expe r i -  
ence w a s  gained wi th  r e s i s t a n c e  welds ,  i t  was e s t a b l i s h e d  t h a t  
t h e  MIL-HDBK-S weld s t r e n g t h  v a l u e s  were v e r y  conse rva t ive ,  at: 
l eas t  f o r  t h e  21-6-9 s t a i n l e s s  s tee l  used i n  the  MPDD program, 
S t a t i c  p e e l  s t r e n g t h s  as h igh  as  a n  o r d e r  o f  magnitude g r e a t e r  
than  MIL-HDBK-5 were ob ta ined .  This  f a c t  a s su red  f e a s i b l i t y  of 
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pres su re  expansion of  d e t e c t o r s  without  j o i n t  suppor t  o r  f a i l u r e .  
Subsize t e s t  specimen p res su re  cyc l ing  a l s o  demonstrated t h a t  t he  
handbook s p o t  weld v a l u e s  were conse rva t ive  even f o r  f a t i g u e .  A 
number of experiments were conducted t o  f i n d  t h e  r e l a t i o n s h i p  be- 
tween j o i n t  s t r e n g t h  a s  loaded i n  handbook shea r  and t ens ion  t e s t s  
and as  loaded i n  meteoroid d e t e c t o r s .  The a c t u a l  s t r e n g t h s  ob- 
t a i n e d ,  being g r e a t e r  than handbook v a l u e s ,  pe rmi t t ed  des igns  t o  
be modified by i n c r e a s i n g  t h e  j o i n t  spacing and dec reas ing  t h e  
number of j o i n t s ,  Th i s  y i e lded  a s m a l l  bu t  u s e f u l  i n c r e a s e  i n  
t a r g e t  area and a small  saving i n  d e t e c t o r  f a b r i c a t i o n  t i m e .  Some 
i n i t i a l  experiments were conducted showing t h a t  t h e  s i n g l e  j o i n t  
was no t  t h e  o n l y  b a s i s  f o r  i n c r e a s i n g  spacing o f  j o i n t s  however. 
The geometry o f  t h e  p re s su re  formed c e l l ,  a s  w e l l  as t h e  r a t i o  of 
forming p r e s s u r e ,  were important  f a c t o r s .  Th i s  l a t t e r  p o i n t  was 
confirmed by a n  experimental  program t o  e v a l u a t e  t h e  p re s su re -  
s t r a i n  r e l a t i o n  of j o i n t s  i n  d e t e c t o r s .  That program was a suc- 
c e s s f u l  c o u n t e r p a r t  t o  t h e  a n a l y t i c a l  computer program used t o  
determine s t r a i n  a t  t h e  j o i n t s .  These cons t r a ined  j o i n t  spacing 
i n c r e a s e s  t o  between 10 and 20% o f  t h e  o r i g i n a l  spacing.  

Attempts were made t o  ana lyze  the meteoroid d e t e c t o r  a s  a 
p re s su re  c e l l  t o  determine p res su re  induced s t r e s s e s ,  and t o  ana- 
l y z e  d e t e c t o r s  f o r  l oads  induced by the  launch phase environment 
of f l i g h t .  For t h e  former,  t h e  i n d i v i d u a l  j o i n t s  and t h e  a r e a  
around the j o i n t  were programed on a computer. These a n a l y s e s  
of  spotweld j o i n t  l oad ings  f o r  margin of s a f e t y  d a t a  were unsuc- 
c e s s f u l  because the  measurement o f  the  pressure  c e l l  shape nea r  
t h e  j o i n t  could n o t  be made a c c u r a t e l y  and t h e  symmetrical i d e a l i -  
z a t i o n  used i n  t h e  computer program was e r roneous .  A f t e r  numerous 
unsuccess fu l  a t t e m p t s  a t  a n a l y s i s ,  NASA agreed t o  accep t  exper i -  
mental  p r e s s u r e  cyc le  s u r v i v a l  d a t a  i n  l i e u  of a n a l y t i c a l  d a t a  on 
des ign  s a f e t y  margins .  Problems were a l s o  encountered w i t h  com- 
p u t a t i o n s  o f  d e t e c t o r  l oads  due t o  f l i g h t  launch environments.  
The answers achieved were o n l y  approximate because of  assumptions 
of  homogeneity of t h e  d e t e c t o r  a s  a s t r u c t u r a l  e n t i t y .  These 
a n a l y s e s  were a l s o  dropped i n  f avor  of e m p i r i c a l  t e s t s .  

I n  p a r a l l e l  w i t h  d e t e c t o r  t a r g e t  development, a p re s su re  
swi t ch  was developed f o r  u s e  on MPDD d e t e c t o r s .  This was the most 
important  component used i n  t h e  program. Two vendors wi th  v e r y  
d i f f e r e n t  concepts  were s e l e c t e d  t o  des ign  and f a b r i c a t e  swi t ches  
f o r  development u s e .  Switches were procured from both vendors 
and were t e s t e d .  One c o n f i g u r a t i o n  was c a r r i e d  forward i n t o  t h e  
d e t e c t o r  f i n a l  des ign .  Designs were i n i t i a t e d  f o r  mounting t h e  
p re s su re  switch i n  t h e  d e t e c t o r s .  For the  heav ie r  gage d e t e c t o r s  
(16 m i l  and ove r )  the p res su re  switch w a s  mounted i n t e g r a l l y  i n  
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t h e  d e t e c t o r  by welding. For l i g h t e r  gage d e t e c t o r s ,  t he  p r e s s u r e  
switch was mounted remotely on a b racke t  a t t a c h e d  t o  the  d e t e c t o r .  

A t  t h e  s t a r t  of  t h e  program, i t  was thought t h a t  an  e x i s t i n g  
f l e x i b l e  v i b r a t i o n  i s o l a t o r  could be procured f o r  u s e  a s  the  mount 
between t h e  d e t e c t o r s  and t h e  s p a c e c r a f t ,  Vibra t ion  t e s t s  con- 
ducted du r ing  t h e  f i r s t  month showed t h a t  t h e  i s o l a t o r  would not  
s u r v i v e  the  s p e c i f i e d  environment. Rigid mount s t u d i e s  were then 
s t a r t e d ,  and t h e s e  produced a dozen d e s i g n s ;  two were s e l e c t e d  f o r  
f a b r i c a t i o n  and t e s t i n g .  One of  t hese  r e q u i r e d  a r edes ign  of t h e  
d e t e c t o r s  t o  provide a r i g h t  ang le  f l a n g e  a t  each edge. These de- 
s i g n s  were s u c c e s s f u l l y  f a b r i c a t e d .  However, because of  t h e i r  
complexity and weight ,  a s impler ,  l i g h t e r  arrangement was s t u d i e d .  
A simple aluminum ang le  was t e s t e d  t h a t  could be mounted d i r e c t l y  
t o  t h e  d e t e c t o r s  and d i d  not  r e q u i r e  a f l a n g e  t o  be formed on the  
d e t e c t o r  edges.  Oversize h o l e s  and Teflon tape  accommodated t h e  
d e t e c t o r  thermal expansion and c a r r i e d  t h e  out-of-plane loads .  A 
s l o t  and matching shoulder  b o l t  a t  t he  middle of  each edge c a r r i e d  
t h e  in -p lane  loads  and a l s o  provided f o r  thermal expansion and 
c o n t r a c t i o n .  Following the  s u c c e s s f u l  demonstrat ion of t h i s  con- 
c e p t  i n  v i b r a t i o n  t e s t i n g  and i n  a simple thermal t e s t ,  s t u d i e s  
were begun: (1) t o  des ign  an  optimum a n g l e  mount f o r  each de tec -  
t o r  c o n f i g u r a t i o n ;  (2)  t o  des ign  a s e t  o f  mounts f o r  t h e  program 
t h a t  would provide m a x i m u m  i n t e r c h a n g e a b i l i t y  of d e t e c t o r s  i n  t h e  
s p a c e c r a f t  and have commonality of use among the  d i f f e r e n t  de t ec -  
t o r  c o n f i g u r a t i o n s .  The l a t t e r  approach was s e l e c t e d  by NASA-LRC. 

An experimental  program was undertaken t o  determine t h e  r e -  
l a t i o n s h i p  between j o i n t  p a t t e r n  and c a v i t y  h e i g h t  a s  i t  a f f e c t e d  
d e t e c t o r  s t i f f n e s s ,  and t o  determine t h e  d e s i r a b i l i t y  of d e t e c t o r  
s t i f f n e s s  a s  i t  a f f e c t e d  d e t e c t o r  and mount l o a d s .  The program 
showed t h a t  s t i f f n e s s  was r e l a t e d  t o  c a v i t y  h e i g h t ,  bu t  j o i n t  
p a t t e r n s  t h a t  formed l a r g e  c e l l s  d id  no t  n e c e s s a r i l y  r e s u l t  i n  
s t i f f e r  pane l s .  Th i s  program showed t h e  s u p e r i o r i t y  of  simple 
square joint :  p a t t e r n s .  Square pa t t e rned  d e t e c t o r s  were a l s o  
proved t o  be more s t a b l e  s t r u c t u r a l l y .  Subsequent t e s t s  showed 
t h a t  mount loading inc reased  w i t h  d e t e c t o r  s t i f f n e s s ,  so  t h a t  
t h e r e  w a s  no advantage i n  us ing  s t i f f n e s s  a s  a des ign  c r i t e r i o n .  
A s  a r e s u l t  of t h i s  discovery,  l a r g e  c e l l  c o n f i g u r a t i o n s  such  a s  
t h e  hexagon were dropped. 

S tud ie s  and t e s t s  on s u r f a c e  f i n i s h  of  s t a i n l e s s  s t ee l  and 
modi f ica t ion  of t h e  a s - r ece ived  f i n i s h  were performed dur ing  t h i s  
phase.  Th i s  included hand po l i sh ing ,  e l e c t r o p o l i s h i n g ,  and vapor 
honing of specimens o f  s t a i n l e s s  s t e e l  and measuring t h e  v a l u e s  
of  abso rp tance  and emi t t ance  be fo re  and a f t e r  mod i f i ca t ion .  
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The experiments i n  vapor honing s t a i n l e s s  s t e e l  proved the  capa- 
b i l i t y  t o  v a r y  abso rp tance  and emit tance w i t h i n  the l i m i t s  spec i -  
f i e d  by NASA. These experiments were s u c c e s s f u l  and l ed  t o  the  
procurement of  a vapor honing machine f o r  u s e  on the  program. 

The i n t r o d u c t i o n  of Armco 21-6-9 s t a i n l e s s  s t e e l  i n t o  the  
MPDD program was a s i g n i f i c a n t  event  of t h i s  phase.  Th i s  i s  a 
r e l a t i v e l y  new s t a i n l e s s  s t ee l  on the market,  having an  annealed 
s t r e n g t h  more than double t h e  annealed s t r e n g t h  of  304L,  a n  elon-  
g a t i o n  over  40%, and ready w e l d a b i l i t y .  I t s  use c o n t r i b u t e d  t o  
t h e  success  of t h e  program. 

Toward t h e  end of  t he  P re l imina ry  Design and Development 
Phase, a l a r g e  number of  accep tab le  cand ida te  d e t e c t o r  des igns  
e x i s t e d .  Designs a t  t h i s  p o i n t  were most ly  of t he  square a r r a y ,  
bu t  a l s o  included t r i a n g l e s ,  hexagons, and p a r a l l e l  seams. It 
was decided t o  conduct a n  a d d i t i o n a l  s u b s i z e  experimental  pro- 
gram t o  q u a n t i t a t i v e l y  rank t h e  cand ida te s .  The r e s u l t s  of  t hese  
experiments e l imina ted  some of  t h e  cand ida te  des igns  and a l s o  
obv ia t ed  t h e  need t o  c a r r y  m u l t i p l e  design a l t e r n a t i v e s  i n  f u l l  
s i z e  t o  t h e  P re l imina ry  Design Review. The s e l e c t i o n  o r i g i n a l l y  
planned f o r  t h a t  review was thereby made e a r l i e r  and more l o g i -  
c a l l y  us ing  q u a n t i t a t i v e  d a t a  from t h e s e  subs i ze  d e t e c t o r s .  This  
was p a r t i c u l a r l y  t r u e  because t h e  t e s t i n g  t o  be performed on 
f u l l - s i z e  d e t e c t o r s  du r ing  t h i s  phase of t he  MPDD program was 
v e r y  l i m i t e d ,  and of a go/no-go n a t u r e  on ly .  
s i z e  d e t e c t o r s  were b u i l t  and t e s t e d  e a r l y  i n  t h e  program. How- 
e v e r ,  f a b r i c a t i o n  of f u l l - s i z e  d e t e c t o r s  was stopped f o r  some 
pe r iod  whi le  t h e  above s u b s i z e  d e t e c t o r  f a b r i c a t i o n  and expe r i -  
ments were conducted. 

A number of f u l l -  

The f i r s t  phase of t he  program ended w i t h  the  e s t ab l i shmen t  
of  des igns  t o  be f u r t h e r  developed and t e s t e d  i n  the  second phase. 
These were a l l  square,  spotwelded p a t t e r n s ,  p re s su re  expanded, 
e x c e p t  t h e  t h r e e - p l y  D2 and E2 c o n f i g u r a t i o n s ,  which were pre-  
formed. A l l  d e t e c t o r s  except  t he .  “Brl  and ”F” c o n f i g u r a t i o n s  
have pressure swi t ches  welded d i r e c t l y  i n t o  t h e  t a r g e t  s h e e t s .  
T h i s  could n o t  be done on the t h i n n e r  c o n f i g u r a t i o n s .  On those 
c o n f i g u r a t i o n s  switches were mounted on a b racke t  a t  one co rne r  
of t h e  d e t e c t o r  and connected t o  t h e  d e t e c t o r  c a v i t y  w i t h  a s t a i n -  
l ess  s t ee l  tube .  Some p rocess  development work was t o  be con- 
t i nued  on b raz ing  and d i f f u s i o n  bonding f o r  p o s s i b l e  a l t e r n a t i v e s  
f o r  r e s i s t a n c e  welding of  t h e  “P” c o n f i g u r a t i o n .  
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Design Development Phase 

During the  three-month Design Development Phase, Mart in  Mari- 
e t t a  continued development of  and completely cons t ruc t ed  and t e s t e d  
the  d e t e c t o r  des igns  approved by NASA-LRC a t  t h e  P re l imina ry  Design 
Review. The development t e s t  program was e s s e n t i a l l y  a n  e a r l y  ve r -  
s i o n  of  t h e  q u a l i f i c a t i o n  t e s t  program t o  be conducted l a t e r .  T e s t  
l e v e l s  were the same as  q u a l i f i c a t i o n  l e v e l s .  Development t e s t s  
included a 2 1  344 pres su re  cyc le  t e s t  no t  i n  t h e  q u a l i f i c a t i o n  pro- 
gram, b u t  d id  not  have t h e  30-day thermal vacuum soak q u a l i f i c a t i o n  
t e s t ,  

Most of t h e  d e t e c t o r  des igns  c a r r i e d  f o r t h  i n t o  t h i s  phase 
were f a i r l y  w e l l  e s t a b l i s h e d  and presented few problems. However, 
f a b r i c a t i o n  problems were encountered w i t h  t h e  "B'l and "F" con- 
f i g u r a t i o n s .  Considerable d i f f i c u l t y  was experienced i n  welding 
d e t e c t o r s  i n  t h e s e  two t h i n  gages,  p a r t i c u l a r l y  i n  welding the  
2 m i l  t a r g e t  sheets t o  t h e  16 m i l  core  s h e e t  f o r  t h e  "F" d e t e c t o r .  
Th i s  d e t e c t o r  panel  had more than 3000 spo t  welds  i n  the  t a r g e t  
a rea .  The a b i l i t y  t o  make t h i s  many c o n s i s t e n t l y  s t r o n g ,  leak-  
f r e e  spo t  welds i n  t h e  t h r e e  p l i e s  w a s  cons iderably  improved using 
t h e  new welding machine procured i n  t h e  previous phase,  However, 
f a i l u r e s  were s t i l l  too  p r e v a l e n t ,  even using p e e l  s h e e t s  over-  
l a y i n g  t h e  t a r g e t  s h e e t s ,  a newly developed technique.  A v a r i e t y  
of  experiments were conducted t o  improve t h e  welding of  t h i s  con- 
f i g u r a t i o n .  From t h e s e  experiments,  t h r e e  f a c t o r s  were found t o  
improve the  welds .  These were i n c r e a s i n g  t h e  r a t e  o f  e l e c t r o d e  
s e t  down, e l i m i n a t i o n  of t h e  second h a l f  c y c l e  of weld c u r r e n t ,  
and s p e c i a l  c o n t r o l  o f  t h e  s u r f a c e  r e s i s t a n c e  of  t he  s t a i n l e s s  
s t e e l  s h e e t s .  The s i g n i f i c a n c e  of  the  l a s t  f a c t o r  was recognized 
a f t e r  a new ba tch  of  t h e  t h i c k e r  gages of s t a i n l e s s  s tee l  pro- 
duced some welds w i t h  expe l l ed  metal .  These " s p i t s " w e r e  no t  
s t r u c t u r a l l y  s i g n i f i c a n t  i n  t h e  t h i c k e r  gages,  bu t  would burn 
through 0.002-in.  m a t e r i a l ,  producing l e a k s .  A s tandard c l ean -  
i n g  procedure w a s  developed t h a t  e l imina ted  any  u n c e r t a i n t y  i n  
t h e  s u r f a c e  r e s i s t a n c e  of  t h e  mater ia l  a s  r ece ived  from t h e  m i l l .  
C o r o l l a r y  experiments i n d i c a t e d  t h a t  t h e  b e s t  cond i t ion  f o r  weld- 
i n g  t h e  t h r e e - p l y  "F" materials was a low r e s i s t a n c e ,  and a spe- 
c i a l  c l ean ing  procedure was developed and implemented. Proper 
adjustment  and c o n t r o l  of t hese  f a c t o r s  enabled t h e  t h r e e - p l y  
c o n f i g u r a t i o n  t o  be s u c c e s s f u l l y  welded w i t h  c o n s i s t e n t  s t r o n g  
l e a k - f r e e  r e s u l t s .  

I n  a d d i t i o n  t o  improving t h e  welds f o r  t h e  '%" c o n f i g u r a t i o n ,  
p r o d u c i b i l i t y  was improved by r edes ign ing  t h e  panel  i n  h a l v e s ,  and 
s p l i c i n g  the  h a l v e s  toge the r  a f t e r  f a b r i c a t i o n .  Thus, a l eak ing  
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d e t e c t o r  h a l f  could be rep laced  by a new d e t e c t o r  by removing a 
l i n e  of  r i v e t s ,  Prev ious ly ,  a l e a k  i n  e i t h e r  h a l f  r e s u l t e d  i n  
scrapping  of t he  e n t i r e  pane l .  

A problem wi th  both  the  "B" and "F" conf igu ra t ions  concerned 
l e a k s  i n  t h e  "plumbing" j o i n i n g  t h e  remote p r e s s u r e  swi tches  t o  
t h e  t a r g e t  s h e e t s .  The l e a k  problem was so lved  by changing the  de- 
s i g n  of  t h e  tube  f i t t i n g  i n t o  t h e  t a r g e t  s h e e t  and changing the  
p rocess  of  a t t a c h i n g  the  swi tch  cups t o  t h e i r  b r a c k e t s  from f u -  
s i o n  t o  r e s i s t a n c e  weld ing .  A l s o  modified du r ing  t h i s  phase was 
t h e  p re s su re  swi tch  mounting b racke t  f o r  t he  "B" and "F" d e t e c t o r  
pane l s .  Th i s  mod i f i ca t ion  added p rov i s ions  f o r  a c a n t i l e v e r  ex- 
t ens ion  on the  switch b racke t .  The ex tens ion  provided a bumper 
support  member f o r  switch b racke t s  used on t h e  'lFrl d e t e c t o r .  The 
e f f e c t  of t h i s  mod i f i ca t ion  w a s  t o  permit  i n t e r c h a n g e a b i l i t y  of  
a l l  40- by 12- in .  d e t e c t o r s  on t h e i r  mounts. 

A problem common t o  a l l  d e t e c t o r s  was leakage through t h e  
seamwelding i n  t h e  completed d e t e c t o r s .  Th i s  .leakage was found t o  
be loca ted  a t  t h e  las t  corner  c rossover  of  t h e  seam welds i n  t h e  
edges of  t he  d e t e c t o r .  The cause was determined t o  be shunt ing  of 
t h e  weld c u r r e n t  from the  seam weld wheels through t h e  prev ious  
(oncoming) seam w e l d .  The problem w a s  cured by overspotwelding 
t h e  l a s t  weld c rossover  a f t e r  completion of  t h e  seam welds,  t he re -  
by s e a l i n g  t h e  l e a k ,  

A problem p e c u l i a r  t o  t h e  th ree -p ly  "D2A" and 'IE2A" d e t e c t o r s  
pe r t a ined  t o  s t r a i g h t n e s s  of t h e  edges o f  t h e  d e t e c t o r  a f t e r  com- 
p l e t i o n .  These two c o n f i g u r a t i o n s  were f a b r i c a t e d  from exp los ive ly  
preformed t a r g e t  s h e e t s .  The preformed s h e e t s  were s l i g h t l y  warped 
by t h e  forming ope ra t ion  and r e s u l t e d  i n  warped specimens a f t e r  
j o i n i n g .  A s h e e t  meta l  sh r ink ing  d i e  w a s  used very  s u c c e s s f u l l y  
t o  s t r a i g h t e n  t h e s e  edges .  

Other  misce l laneous  changes made dur ing  t h i s  phase included 
changing mount a t tachment  hardware from c a s t l e  n u t s  w i th  c o t t e r  
p i n s  t o  s e l f - l o c k i n g  n u t s .  A new torquing  procedure was prepared 
f o r  i n s t a l l i n g  these  n u t s ,  

A s p e c i a l  thermal  vacuum m a t e r i a l  t e s t  showed t h a t  ou tgass ing  
from Tef lon  t ape  adhes ive  and p o t t i n g  compound used on t h e  de t ec -  
t o r s  would no t  degrade s o l a r  c e l l  performance. 

A t  t h e  end of t h e  Design Development Phase t h e  s u c c e s s f u l  de- 
s i g n s  were base l ined  f o r  u s e  i n  t h e  Manufacturing and Tes t  Phase.  
Approval by NASA-LRC of t h e  "F" and "B" c o n f i g u r a t i o n s  was condi- 
t ioned  on t h e i r  s u c c e s s f u l  completion of development t e s t i n g .  
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This  occurred a few months a f t e r  t he  beginning of  the  f i n a l  phase.  
The p r e s s u r e  switch q u a l i f i c a t i o n  t e s t  program had s t a r t e d  and 
w a s  approximately h a l f  complete,  These p r e s s u r e  switches success-  
f u l l y  completed t h e  component f l i g h t  a s su rance  t e s t  program be fo re  
beginning t h e  q u a l i f i c a t i o n  t e s t i n g ,  

The f i r s t  d r a f t  of t he  Product ion Plan was prepared and sub- 
m i t t e d  t o  NASA-LRS dur ing  t h i s  phase.  

Manufacturing and Tes t ing  Phase 

The f i n a l ,  o r  Manufacturing and Test  Phase of  the  program 
comprised the  manufacture of d e t e c t o r s  t o  des igns  approved a t  
t h e  Design Development Review, and the  t e s t i n g  of  t h e s e  d e t e c t o r s  
i n  accordance w i t h  t h e  I n t e g r a t e d  Test Plan (prepared d u r i n g  the  
f i r s t  phases) through F l i g h t  Assurance, Q u a l i f i c a t i o n ,  and Accel- 
e r a t e d  L i f e  Cycle t e s t s .  Development t e s t i n g  of  t h e  "B" and "F" 
c o n f i g u r a t i o n s  and q u a l i f i c a t i o n  t e s t i n g  of t h e  p re s su re  switches 
were s t i l l  open i tems a t  t h e  beginning of t h i s  pe r iod .  These two 
d e t e c t o r  c o n f i g u r a t i o n s  completed development t e s t i n g  e a r l y  i n  
t h e  f i n a l  phase, and were then sub jec t ed  l i k e  -the o t h e r s  t o  F l i g h t  
Assurance,  Q u a l i f i c a t i o n ,  and Accelerated L i f e  Cycle t e s t i n g ,  The 
Car le ton  p res su re  switch passed q u a l i f i c a t i o n ,  b u t  t h e  Servonic 
switch developed l e a k s  through t h e  g l a s s  s e a l s  e a r l y  i n  t h e  t h e r -  
m a l  vacuum soak t e s t .  It was subsequent ly  dropped from t h e  pro- 
gram. 

A l l  p r e s s u r e  switches used du r ing  t h i s  phase of t h e  program 
were f l i g h t  a s su rance  t e s t e d  and then i n s t a l l e d  i n  d e t e c t o r  as-  
semblies .  A l l  d e t e c t o r s  were then ,  i n  t u r n ,  f l i g h t  a s su rance  
t e s t e d .  From t h i s  p o i n t  t h e  d e t e c t o r s  were d i r e c t e d  e i t h e r  t o  
Q u a l i f i c a t i o n  Tes t ing ,  Accelerated L i f e  Cycle t e s t i n g ,  o r  d e l i v -  
e r y .  Specimens d e l i v e r e d  t o  NASA-LRC rece ived  no t e s t i n g  beyond 
f l i g h t  a s su rance  t e s t i n g .  The r e s u l t s  of  F l i g h t  Assurance t e s t -  
i ng ,  Q u a l i f i c a t i o n ,  and Accelerated-  L i f e  Cycle t e s t i n g  i s  sum- 
marized below. 

Forty-one specimens were sub jec t ed  t o  f l i g h t  a s su rance  
t e s t i n g ;  t h i r t y - f i v e  of  t h e s e  passed.  Four specimens i n i t i a l l y  
f a i l e d  f l i g h t  assurance t e s t i n g ,  were r e p a i r e d ,  and subsequent ly  
passed.  F a i l u r e s  du r ing  f l i g h t  a s su rance  t e s t i n g  wexe of t he  
fo l lowing  n a t u r e  : 
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Three r i n g  weld l e a k s  i n  t h e  p re s su re  t a r g e t  shee t  
t o  t h e  t r a n s f e r  f i t t i n g  j o i n i n g  t h e  t a r g e t  s h e e t  t o  
the  p re s su re  tube l ead ing  t o  the  p re s su re  swi t ch .  
Th i s  l eak  was i n  t h e  c i r c u l a r  r i n g  weld j o i n i n g  t h e  
f i t t i n g  t o  t h e  t a r g e t  s h e e t ;  

One l eak  i n  t h e  f u s i o n  weld j o i n i n g  the  p re s su re  
swi tch  t o  i t s  mounting p res su re  cup; 

Two p res su re  swi tch  diaphragms leaked;  

One seam weld leaked .  

specimens were sub jec t ed  t o  q u a l i f i c a t i o n  t e s t i n g .  
Ten specimens passed q u a l i f i c a t i o n  t e s t i n g  and these  r ep resen ted  
specimens of a l l  conf igu ra t ions  c a r r i e d  through i n t o  the  f i n a l  
phase of t he  program. These were the B l A ,  C 1 ,  D2A, D3A, E l A ,  
E3A,  and the  F 1 A  c o n f i g u r a t i o n s .  Two specimens f a i l e d  and were 
removed from t e s t i n g .  A l l  of t h e  f a i l u r e s  i n  q u a l i f i c a t i o n  t e s t  
were i n  t h e  B1A and F 1 A  d e t e c t o r s ,  and were a s s o c i a t e d  w i t h  t h e  
remotely mounted swi tch .  One swi tch  cup developed a c rack .  The 
o t h e r  f a i l u r e s  were i n  t h e  j o i n t s  of t he  p re s su re  tube j o i n i n g  
t h e  switch cup t o  t h e  t a r g e t  s h e e t .  

Three specimens of t he  pressure  switch were sub jec t ed  sepa- 
r a t e l y  t o  a c c e l e r a t e d  l i f e  cyc le  t e s t i n g ,  c o n s i s t i n g  of  2 1  344 
temperature  c y c l e s  between t h e  h igh  and low temperature  l i m i t s  of 
nea r -ea r th  o r b i t .  

One specimen of each of t h e  l a r g e  d e t e c t o r  conf igu ra t ions  
( E l A ,  D3A, E 3 A )  except  D2A, and two specimens o f  t he  s m a l l  de- 
t e c t o r s  ( B l A ,  C 1 ,  F 1 A )  were exposed t o  2 1  344 c y c l e s  o f  a c c e l -  
e r a t e d  l i f e  cyc le  t e s t i n g  between the  temperature  l i m i t s  of 325 
and -100°F. The D2A d e t e c t o r  was des igna ted  f o r  i n t e r p l a n e t a r y  
space f l i g h t  and, t h e r e f o r e ,  was exempted from a c c e l e r a t e d  l i f e  
cyc le  t e s t i n g .  O f  t h e  s ix  conf igu ra t ions  exposed t o  a c c e l e r a t e d  
l i f e  cyc le  t e s t i n g  t h r e e  conf igu ra t ions  passed.  These were the  
C 1 ,  E l A ,  and E 3 A .  One of  t h e  two B1A d e t e c t o r  specimens passed 
and one f a i l e d .  The two F 1 A  and t h e  D3A f a i l e d .  A l l  of  t h e s e  
f a i l u r e s  were r e a l l y  ca t egor i zed  a s  t e s t  induced f a i l u r e s  r a t h e r  
than  t r u e  specimen f a i l u r e s  except  f o r  t h e  B1A. The B1A d e t e c t o r  
ended t h e  t e s t  w i t h  a random f a i l u r e  when one of  i t s  two micro- 
swi tches  i n  t h e  p re s su re  swi tch  s tuck .  It would n o t  t r a n s f e r .  
The cause of f a i l u r e  could n o t  be determined nor dup l i ca t ed .  The 
swi tch  was removed, i n spec ted  and then r e i n s t a l l e d .  It then  func- 
t i oned  p rope r ly .  The D3A f a i l e d  by f a t i g u e  a t  t h e  edges clamped 
by t h e  e l e c t r i c  hea t ing  b u s  b a r .  Here d i s s i m i l a r  metals ( a l u m i -  
num and s t a i n l e s s  s t e e l )  were clamped r i g i d l y  toge the r  wh i l e  
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c y c l i n g  through a c c e l e r a t e d  l i f e  c y c l e  thermal c y c l e s  and t h e  t e s t  
specimen f a i l e d  by combined thermal and p r e s s u r e  stresses.  The 
F 1 A  d e t e c t o r s  f a i l e d  by a similar t es t  c o n d i t i o n  problem. It i s  
concluded tha t  a l l  of  t h e  d e t e c t o r s  t ha t  f a i l e d  du r ing  t h i s  t e s t  
could probably su rv ive  a c t u a l  space f l i g h t ,  o r  even a c c e l e r a t e d  
l i f e  c y c l e  t e s t s  w i t h  t e s t  f i x t u r e  m o d i f i c a t i o n s .  

Several  a c c e l e r a t e d  l i f e  cyc le  t e s t  f i x t u r e  concepts  were 
eva lua ted  and d i sca rded  du r ing  t h i s  phase. The approach f i n a l l y  
s e l e c t e d  used a l i q u i d  n i t r o g e n  s p r a y  t o  coo l  t h e  d e t e c t o r s ,  and 
r e s i s t i v e  h e a t i n g  t o  h e a t  t h e  d e t e c t o r s .  Th i s  made use of  t h e  i n -  
t e r n a l  r e s i s t a n c e  o f  t h e  d e t e c t o r s  t o  a low-voltage, high-amperage 
c u r r e n t  t o  h e a t  them. Th i s  approach enabled t h e  d e t e c t o r s  t o  be 
mounted i n  a box and be a l t e r n a t e l y  heated and cooled i n  p l a c e .  
It rep resen ted  a breakthrough i n  s i m p l i c i t y  ove r  o t h e r  approaches 
cons ide red .  However, much development was necessary  be fo re  t h e  
f i x t u r e s  us ing  t h i s  concept were t o  o p e r a t e  s a t i s f a c t o r i l y .  

A s e p a r a t e  a c c e l e r a t e d  l i f e  c y c l e  t e s t  o f  p re s su re  sw-itches 
was undertaken du r ing  t h e  f i n a l  phase of t he  program. Because of  
t h e  c o n s t r u c t i o n  of t h e  switch i t  was no t  p o s s i b l e  t o  conduct t h i s  
as  p a r t  o f  t he  d e t e c t o r  a c c e l e r a t e d  l i f e  c y c l e  t e s t .  A l i q u i d  i m -  
mersion t e s t  was conceived t o  c y c l e  a l l  p a r t s  o f  t h e  switch through 
the temperature  extremes i n  approximately 10 minutes .  Glycerin 
heated and t h e r m o s t a t i c a l l y  c o n t r o l l e d  by bo th  a h o t - p l a t e  and 
immersion h e a t e r  provided t h e  h o t  b a t h .  E t h y l  a l c o h o l  cooled by 
l i q u i d  carbon d iox ide  was used f o r  t h e  co ld  ba th .  The switches 
under t e s t  were cyc led  between t h e  two b a t h s  under c o n t r o l  of  
thermocouples embedded i n  one of t he  switches.  Three switches 
were t e s t e d .  Two of t hese  were w i t h i n  performance s p e c i f i c a t i o n s  
a f t e r  f i n a l  c l e a n i n g  a t  completion of  t h e  r e q u i r e d  2 1  344 t es t  
c y c l e s .  The t h i r d  w a s  found t o  be o u t  of  s p e c i f i c a t i o n  a t  t h e  
completion of  t e s t .  Th i s  specimen had been disassembled du r ing  
t e s t  and i s  be l ieved  t o  have been misadjusted a t  reassembly. 
Moving t h e  adjustment  by one increment (0.002 i n . )  brought t h i s  
specimen back w i t h i n  s p e c i f i c a t i o n .  

During t h e  f i n a l  phase of t h e  program, two new t a s k s  were 
s t a r t e d .  The f i r s t  comprised design,  f a b r i c a t i o n ,  and t e s t i n g  of  
subs i ze  specimens of  MPDD d e t e c t o r s  curved t o  be mounted on t h e  
o u t s i d e  of  a n  S-IVB s t a g e .  The second t a s k  was t o  develop and 
t e s t  r a d i a t i o n  r e s i s t a n t  thermal c o a t i n g s .  

The f i n a l  v e r s i o n  of  t h e  Production Plan us ing  a new format 
f o r  t h e  flow c h a r t s  w a s  prepared and submitted t o  NASA-LRC and 
subsequent ly  approved. 
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A l l  documents prepared and submitted under t h i s  c o n t r a c t  a re  
l i s t e d  i n  Appendix A ,  t h e  eng inee r ing  drawings a re  i d e n t i f i e d  i n  
Appendix B,  and t e s t i n g  f a i l u r e  h i s t o r i e s  are l i s t e d  i n  Appendix 
C. 
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DETECTOR DESIGN AND DEVELOPMEXF 

The eng inee r ing  approach t o  e s t a b l i s h i n g  t h e  d e t e c t o r  d e s i g n  
f o r  t h e  MPDD program w a s  t o  e v a l u a t e  a n t i c i p a t e d  problem areas 
and unknown des ign  c o n s t r a i n t s  u s ing  s t u d i e s  and a n a l y s e s ,  where 
a p p l i c a b l e ,  and us ing  subs i ze  specimen tests where a p p r o p r i a t e .  
S t u d i e s  and ana lyses  performed i n  support  of d e t e c t o r  designs were 
as fol lows:  

1) Pres su re  switch minimum o p e r a t i n g  levels and minimum s i z e ;  

2)  De tec td r  p r e s s u r i z a t i o n  l e v e l s ;  

3)  Detec to r  p r e s s u r i z a t i o n  gas ;  

4 )  Detector  mount s t u d i e s ;  

5) Target  area e f f i c i e n c y  comparison; 

6 )  Switch support  s t u d i e s ;  

7 )  Detector  material s e l e c t i o n  s t u d i e s ;  

8) Mount i n t e r c h a n g e a b i l i t y  s t u d i e s  ; 

9) Mount s t a n d a r d i z a t i o n  s t u d i e s .  

Subsize tests performed i n  support  of d e t e c t o r  development 

Subsize d e t e c t o r  p re s su re  expansion tes ts ;  

Subsize d e t e c t o r  p re s su re  c y c l e  t e s t s ;  

Braze, spotweld,  and seamweld subs i ze  development 
specimens ; 

Dual d e t e c t o r  puncture s imula t ion  tests;  

Subsize v i b r a t i o n  t e s t i n g  ( s t i f f n e s s  e v a l u a t i o n )  ; 

Surface f i n i s h  tes ts ;  

J o i n t  s t r e n g t h  e v a l u a t i o n  tes ts ;  

Re 1 i a b  i 1 i t  y spec imen t e s t s . 
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F u l l  s i z e  d e t e c t o r  specimens were t e s t e d  t o  determine ex- 
pe r imen ta l ly  the  a c t u a l  loads on the d e t e c t o r  mounts and t o  
determine a m p l i f i c a t i o n  f a c t o r s  f o r  v i b r a t i o n  inpu t s  l e v e l s  as 
they a f f e c t  the v i b r a t i o n  loads i n  the d e t e c t o r  and on the  pres-  
s u r e  switches.  Those s t u d i e s  and tests of i n t e r e s t  are descr ibed 
i n  t h i s  chaplter. 

Engineering Ob jec t ives  

The i n i t i a l  engineer ing o b j e c t i v e  of t h e  MPDD program was t o  
develop meteoroid p e n e t r a t i o n  d e t e c t o r s  f o r  f l i g h t  on an advance 
meteoroid p r o j e c t  (AMP) s p a c e c r a f t .  These o b j e c t i v e s  were l a t e r  
expanded t o  inc lude  a wide v a r i e t y  of d e t e c t o r s  capable  of f l y i n g  
on o t h e r  missions such a s  "piggy-back" experiments on o t h e r  space- 
c r a f t .  These d e t e c t o r s  s h a l l  be capable  of withstanding the  p r e -  
launch and launch environment a s s o c i a t e d  wi th  the  s p a c e c r a f t  
boos t e r  and t h e  environment of n e a r - e a r t h  o r b i t  and deep-space 
f l i g h t  t h e r e a f t e r .  The t e s t  environments t o  prove t h i s  c a p a b i l i -  
t y  a r e  de f ined  i n  t h e  Tes t ing  chap te r  presented l a t e r .  

The d e t e c t o r s  developed under t h i s  program r e p r e s e n t  a con- 
t i n u a t i o n  of p r e s s u r i z e d - c e l l  d e t e c t o r  concept developed a t  NASA- 
LRC f o r  t he  5-55 series of s p a c e c r a f t .  These d e t e c t o r s  comprise 
a p res su re  v e s s e l  f a b r i c a t e d  of p e n e t r a t i o n  t a r g e t  m a t e r i a l .  
The d e t e c t o r  i nco rpora t e s  a p res su re  switch responding t o  the 
i n t e r n a l  p re s su re  of the d e t e c t o r .  The p e n e t r a t i o n  i s  de t ec t ed  
by l o s s  of i n t e r n a l  p re s su re  a f t e r  puncture of the t a r g e t  ma- 
t e r i a l .  P res su re  switch c o n t a c t  t r a n s f e r  provides the record of 
the puncture t o  t h e  d a t a  ga the r ing  subsystem on board the space- 
c r a f t .  

The MPDD c o n t r a c t  r equ i r ed  t h a t  d e t e c t o r s  be designed of 
s t a i n l e s s  s t ee l  t a r g e t  material  of the s i z e s  and c o n f i g u r a t i o n s  
de f ined  i n  t a b l e  1. These d e t e c t o r s  are requ i r ed  t o  have l e a k  
i n t e g r i t y  s o  t h a t  they w i l l  n o t  l eak  down t o  switch t r i p  p re s su re  
i n  100 yea r s .  The i r  a n t i c i p a t e d  space f l i g h t  l i f e  span w a s  a 
minimum of two y e a r s .  

Design Progression 

The eng inee r ing  d e s i g n  of the MPDD d e t e c t o r s  w a s  accomplished 
i n  t h r e e  phases as fol lows:  

1) Prel iminary Design and Development (PDD Phase) - The PDD 
phase of t he  c o n t r a c t  r equ i r ed  s e l e c t i o n  of cand ida te  
components and materials, performance of des ign  and a n a l -  
y s i s ,  e s t ab l i shmen t  of cand ida te  f a b r i c a t i o n  techniques 
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and f a b r i c a t i o n  and t e s t i n g  of both subs i ze  and f u l l - s i z e  
cand ida te  d e t e c t o r s  t o  determine t h e i r  c h a r a c t e r  i s  t ics . 
Design Development (DD Phase) - The DD phase r equ i r ed  
continued development of d e t e c t o r  des igns  s e l e c t e d  a t  
t h e  end of t h e  PDD phase. De tec to r  des igns  developed 
and f a b r i c a t e d  du r ing  t h i s  phase w e r e  t o  include t h e  p re s -  
s u r e  a c t u a t e d  switch subsystem and t h e  d e t e c t o r  and panel 
mounts s e l e c t e d  a t  t h e  Prel iminary Design Review. 

Manufacturing and T e s t  (M&T Phase) - This  phase r equ i r ed  
manufacturing and t e s t i a g  of d e t e c t o r  and panel des igns  
s e l e c t e d  a t  - t h e  end of t he  DD phase. Although t h i s  phase 
w a s  d i r e c t e d  p r i m a r i l y  a t  manufacture of hardware f o r  
q u a l i f i c a t i o n  t e s t i n g  of d e t e c t o r s  and f o r  d e l i v e r y ,  t he  
designs f i n a l i z e d  du r ing  t h i s  per iod included c e r t a i n  
mod i f i ca t ions  and improvements r e s u l t i n g  from t h e  Design 
Development Review. 

Prel iminary design and development.- 

Detector  c a v i t y  des ign  development: The prel iminary des ign  
and development phase was i n i t i a t e d  wi th  t h e  i n t e n t  of performing 
as much d e t e c t o r  development work i n  subs i ze  specimens as p o s s i b l e .  
The work would then  be expanded t o  include f u l l - s i z e  d e t e c t o r s  
a f t e r  i n i t i a l  e l i m i n a t i o n  of i n f e r i o r  designs i n  subs i ze  work. 
The subs i ze  designs w e r e  c h a r a c t e r i z e d  by t h r e e  c a v i t y  formation 
methods, fou r  j o i n i n g  p rocesses ,  and v a r i o u s  t a r g e t  shee t  des igns  
as de f ined  i n  t a b l e  2 .  The complement of des igns  i n i t i a l l y  con- 
s i d e r e d  are shown i n  t a b l e  3 .  This t a b l e  i n d i c a t e s  t h e  combina- 
t i o n s  of forming methods, j o i n i n g  p rocesses ,  and c a v i t y  des igns  
eva lua ted .  I n  t h i s  t a b l e  t h e  p r e f i x  le t ter  des igna te s  t h e  t a r g e t  
m a t e r i a l  t h i ckness  (from t a b l e  1) of t h e  designated d e t e c t o r .  

Some of t h e  p re s su re  c a v i t i e s  a c t u a l l y  developed and eva lua ted  
i n  t h e  PDD phase are shown i n  f i g u r e  1 t h r u  f i g u r e  6.  Figure 1 
d e p i c t s  a c a v i t y  formed by spotwelding t o g e t h e r  two t a r g e t  s h e e t s  
w i th  a square a r r a y  of spo t  welds ,  seamwelding t h e  borders  f o r  
p re s su re  r e t e n t i o n ,  and then  p res su re  expanding t h e  volume between 
t h e  two s h e e t s .  
shape t h a t  t h e  t a r g e t  s h e e t s  assume dur ing  p r e s s u r e  expansion. 

The r e s u l t i n g  c a v i t y  is a n a t u r a l  q u i l t e d - p i l l o w  

F igure  2 shows a preformed square p a t t e r n  wi th  seam-welded 
edges and spotwelded f i e l d  a t tachment .  The f l a t - s i d e d  c a v i t y  i s  
produced by forming t h e  t a r g e t  s h e e t s  i n t o  a f l a t  bottom d i e .  
I n i t i a l l y ,  it w a s  no t  known whether t h e  pressure-expanded designs 
would be s u c c e s s f u l  i n  a l l  c o n f i g u r a t i o n s ,  p a r t i c u l a r l y  t h e  t h r e e -  
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TABLE 3 . -  MPDD COMPLEMENT OF DESIGNS 

Des igna t i o n  Detector conf igura t ion  

Cy l ind r i ca l  d e t e c t o r  

A 1  Seam weld long i tud ina l  seam, a r c  weld end caps 
A2 Seam weld long i tud ina l  seam, braze end caps 
A3 Seam weld long i tud ina l  seam, so lde r  end caps 

F l a t  de t ec to r s  

B 1  
B l A  
B2 
B3 
B4 
e1 
C I A  

C 1 B  
c2-01 
c2-02 
C 3A 
C3B 
c4  
D l A  
D1B 
D 1 C  
D2A 
D2B 
D2C 
D3A 
D3B 
D3C 
E l A  
E 1 B  
E 1C 

E2A1 
E2A2 
E2A4 
E2B 
E2C 
E2D 

E3A 
E3B 
E3C 
F U  
F 1 B  
F2 
F4 

E1C-01 

Spot weld f i e l d  j o i n t s ,  square a r r ay ,  p ressure  expand 
Spot weld f i e l d  j o i n t s ,  concent r ic  c i r c l e  a r r a y ,  pressure expand 
Seam weld f i e l d  j o i n t s ,  p a r a l l e l  seam weld l abyr in th ,  p ressure  expand 
Braze fiedd j o i n t s ,  preform o r  chem m i l l  square a r r a y  
Spot weld f i e l d  j o i n t ,  s i x  spo t  hexagonal a r r a y ,  pressure expand 
Spot weld f i e l d  j o i n t ,  square a r r ay ,  p ressure  expand 
Spot weld f i e l d  j o i n t ,  hexagonal a r r ay ,  mu l t ip l e  spots  per s i d e ,  pressure 
expand 
Spot weld f i e l d  j o i n t ,  t r i angu la r  a r r ay ,  p ressure  expand 
Seam weld f i e l d  j o i n t s ,  hexagonal a r r a y ,  5 i n .  hex. c e l l ,  p ressure  expand 
Seam weld f i e l d  j o i n t s ,  p a r a l l e l  seam weld l abyr in th ,  p ressure  expand 1 
Braze f i e l d  j o i n t s ,  square a r r ay ,  chem m i l l  t a r g e t  shee t  
Braze f i e l d  j o i n t s ,  preform square a r r a y  
Spot weld f i e l d  j o i n t s ,  s ix  spot  hexagonal a r r ay ,  pressure expand 
Spot weld f i e l d  j o i n t s ,  square a r r ay ,  p ressure  expand 
Spot weld f i e l d  j o i n t s ,  preform square a r r a y  
Braze f i e l d  j o i n t s ,  preform square a r r a y  
Spot weld f i e l d  j o i n t ,  preform t a r g e t  s h e e t ,  square a r r a y  
Spot weld f i e l d  j o i n t ,  chem m i l l  core  s h e e t ,  square a r r ay  
Braze f i e l d  j o i n t ,  chem m i l l  core shee t ,  square a r r a y  
Spot weld f i e l d  j o i n t ,  square a r r a y ,  p ressure  expand - 
Spot weld f i e l d  j o i n t ,  preform square a r r a y  
Braze f i e l d  j o i n t ,  square a r r a y ,  p ressure  expand 
Spot weld f i e l d  j o i n t ,  square a r r ay ,  p ressure  expand 
Spot weld f i e l d  j o i n t ,  preform square a r r a y  
Braze f i e l d  j o i n t ,  preform o r  chem m i l l  square a r r ay  
Spot weld f i e l d  j o i n t ,  t r i a n g u l a r  a r r ay ,  p ressure  expand 
Spot weld f i e l d  p a t t e r n ,  preform core  shee t s  
Braze f i e l d  pa t t e rn ,  preform core shee ts  
Seam weld f i e l d  p a t t e r n ,  preform p a r a l l e l  seam ( labyr in th)  t a r g e t  shee t  
Spot weld f i e l d  pa t t e rn ,  chem m i l l  core  shee t ,  square a r r a y  
Spot weld f i e l d  pa t t e rn ,  preform square a r r a y  
Spot weld f i e l d  p a t t e r n ,  chem m i l l  core shee t ,  square a r r ay ,  d i s h  preform 
t a r g e t  shee t s  
Spot weld f i e l d  pa t t e rn ,  square a r r ay ,  p ressure  expand 
Spot weld f i e l d  p a t t e r n ,  preform square a r r a y  ( t h i n  s i d e  only) 
Braze f i e l d  p a t t e r n ,  preform square a r r a y  ( t h i n  s ide  only) 
Spot weld f i e l d  pa t t e rn ,  square a r r ay ,  p ressure  expand 
Seam weld f i e l d  pa t t e rn ,  p a r a l l e l  seam weld ( labyr in th)  pressure  expand 
Braze f i e l d  pa t t e rn ,  chem m i l l  core shee t ,  square a r r a y  
Spot weld f i e l d  pa t t e rn ,  e x t e r n a l  square p a t t e r n  overlay p i l low support  
frame 
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Figure  1. - Pressure  Expand Square Array 

F igure  2.-  Preform Square Array 
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p l y  E2 and D2 c o n f i g u r a t i o n s .  Thus, t h i s  d e s i g n  w a s  conceived. 

Figure 3 r e p r e s e n t s  a c o n f i g u r a t i o n  c h a r a c t e r i z e d  by seam- 
welding of t h e  f i e l d  of t h e  d e t e c t o r  as w e l l  as t h e  border .  The 
c o n f i g u r a t i o n  c o n s i s t s  of an  " l abyr in th"  design us ing  long, 
narrow pi l lows i n t e r r u p t e d  only by in t e rconnec t  a i r  passages 
between p i l l ows .  This  d e s i g n  proved poor from a p res su re  c y c l i n g  
c a p a b i l i t y .  

Figure 4 r e p r e s e n t s  a des ign  concept u s i n g  c o n c e n t r i c  con- 
t inuous p re s su re  p i l l ows .  Th i s  c o n f i g u r a t i o n  is  spotwelded i n  
t h e  f i e l d  of t h e  t a r g e t  s h e e t  and seamwelded a long  t h e  border .  
It w a s  thought t h a t  t h i s  des ign  would e l i m i n a t e  problems a s s o c i -  
a t e d  wi th  d i s c o n t i n u i t i e s  of long,  p a r a l l e l  p r e s s u r e  ce l l s  l i k e  
those of f i g u r e  3 .  

Figures  5 and 6 r e p r e s e n t  hexagonal ce l l  des igns  u s i n g  s p o t -  
welded and seamwelded p res su re  cells  i n  t h e  f i e l d  of t he  d e t e c t o r .  
These ce l l  designs lend themselves t o  f a b r i c a t i o n  of l a r g e  p re s su re  
ce l l s  without  overloading t h e  welded j o i n t s .  

The d e t e c t o r  p re s su re  c a v i t y  des ign  e f f o r t s  were i n i t i a l l y  
d i r e c t e d  t o  development of .&ccessful c a v i t y  c o n f i g u r a t i o n s  by 
both e m p i r i c a l  and a n a l y t i c a l  methods. Attempts w e r e  made t o  
analyze t h e  d e t e c t o r  p re s su re  ce l l s  f o r  stresses due t o  i n t e r n a l  
p re s su re ,  and t h e  e n t i r e  d e t e c t o r  f o r  loads induced by v i b r a t i o n  
and a c o u s t i c  environments,  Considerable  e f f o r t  w a s  expended a t -  
tempting t o  mathematical ly  model t h e  a c t u a l  p re s su re  c a v i t y  shape 
and t o  analyze t h i s  shape f o r  pressure-induced stresses. The 
problem w a s  programed i n t o  e x i s t i n g  p res su re -vesse l  s t r e s s - a n a l y s i s  
computer programs. These computer programs, however, f a i l e d  t o  
produce usab le  answers i n  s p i t e  of several r e v i s i o n s  t o  t h e  pro- 
grams. The problem does not  lend i t s e l f  t o  a n a l y s i s .  A d e c i s i o n  
w a s  subsequent ly  made t o  abandon a t t empt s  t o  stress analyze t h e  
d e t e c t o r s ,  and r e l y  on e m p i r i c a l  test d a t a  i n s t e a d .  

The loads ana lyses  f o r  e v a l u a t i n g  d e t e c t o r  l oads  induced by 
v i b r a t i o n  and a c o u s t i c  i npu t s  t o  t h e  d e t e c t o r s  were based on t h e  
assumption t h a t  t h e  d e t e c t o r  w a s  a homogeneous p l a t e ,  and produced 
good output  l oads .  However, t h e s e  loads had t o  be converted i n t o  
d e t e c t o r  stresses. The same problem a s s o c i a t e d  wi th  t h e  p re s su re  
ce l l  a n a l y s i s  appeared he re .  The shape of the  d e t e c t o r  p r e s s u r e  
c e l l  had t o  be known p r e c i s e l y ,  and t h e  d e t e c t o r  loads converted 
i n t o  stresses induced i n t o  t h i s  p a r t i c u l a r  shape. Th i s  proved 
extremely d i f f i c u l t .  Consequently both types of ana lyses  were 
abandoned, and r e l i a n c e  placed on e m p i r i c a l  test r e s u l t s .  
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Figure  4 . -  Concentr ic  Pi l low Array 
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Figure 5.- Spotwelded Hexagonal Array 

24 



Figure 6. - Seamwelded Hexagonal Array 
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The des ign  of t h e  test c a v i t y  c o n f i g u r a t i o n s  eva lua ted  du r -  
i ng  t h i s  phase were based on keeping t h e  j o i n t  loads and t h e  
membrane stresses low i n  t h e  p re s su re  pi l low.  MIL-HDBK-5 va lues  
w e r e  used i n i t i a l l y  f o r  weld a l lowab les  f o r  p re s su re  c e l l  p a t t e r n  
des ign .  The p r e s s u r e  c e l l  f o r  a square p a t t e r n  d e t e c t o r  w a s  s i z e d  
as desc r ibed  i n  t h e  fol lowing paragraphs.  

The square p a t t e r n  j o i n t  spacing w a s  based on t h e  t e n s i o n  
load c a p a b i l i t y  of t h e  j o i n t  f o r  an  i n t e r n a l  panel  p re s su re  of 
67 p s i g  ( d e t e c t o r  u l t i m a t e  p r e s s u r e ) .  

J o i n t  Tens ion  Allowable 
67 .O Spacing = 

Panels and d e t e c t o r s  having f l a t  p l a t e  ce l l s  such as preformed 
d e t e c t o r s  and t h e  c e n t e r  s h e e t  of d u a l  d e t e c t o r s  w e r e  analyzed by 
t h e  method i n  Seely and Smith Text Advanced Mechanics of Materials 
( r e f .  1) . The equa t ion :  

2 2  d = 2 / 9  (A / t  )W 

w = i n t e r n a l  p r e s s u r e ,  

a = spacing of j o i n t s ,  

t = s h e e t  t h i c k n e s s .  

This  spac ing  a l o n g  w i t h  t h e  i n i t i a l  s p o t  spacing al lowable 
by MIL-HDBK-5 s p o t  weld a l lowab les  i s  shown i n  f i g u r e  7 .  The mem- 
brane stress i n  t h e  p re s su re  p i l l ow w a s  eva lua ted  a t  t h e  c e n t e r  
of t h e  p i l l ows  by computing t h e  r a d i u s  of c u r v a t u r e  and assuming 
t h a t  t h e  cu rva tu re  a t  the  c e n t e r  w a s  s p h e r i c a l  ( a c t u a l l y  n o t  q u i t e  
t r u e ) .  The c u r v a t u r e  w a s  c a l c u l a t e d  u s i n g  p res su re  expansion d a t a  
from expansion tests such as t h a t  dep ic t ed  in  f i g u r e  8. The mem- 
brane stress i s  then  computed from t h e  formula: 

A stress level of 15 000 p s i  ( t hus ly  computed) proved t o  be a good 
i n d i c a t o r  f o r  tes t  s u r v i v a l  f o r  square p a t t e r n  p re s su re  ce l l s .  
Other p re s su re  ce l l  shapes were eva lua ted  i n  a similar manner. 
Data f o r  spotwelded hexagonal cel ls  i s  shown i n  f i g u r e  9. 
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The r e s u l t s  of t h e s e  subs i ze  e v a l u a t i o n s  are presented and 
d i scussed  later i n  t h i s  c h a p t e r .  

F u l l - s i z e  d e t e c t o r  designs were developed and evaluated i n  
p a r a l l e l  w i th  subs i ze  d e t e c t o r  des ign  and t e s t .  Both subs i ze  and 
f u l l - s i z e  test  r e s u l t s  were eva lua ted  f o r  s e l e c t i o n  of f i n a l  de- 
s i g n s  t o  be continued du r ing  t h e  subsequent Design Development 
phase.  Four l e v e l s  of s c reen ing  t h e  des ign  w e r e  used t o  select  
t h e  c o n f i g u r a t i o n s .  A t  t h e  f i r s t  l e v e l  t h e  d e s i g n  had t o  produce 
good, h igh - s t r eng th ,  r e l i a b l e  j o i n t s  s u i t a b l e  t o  withstand ex- 
pansion and/or  proof p r e s s u r e ,  as a p p l i c a b l e .  
des ign  l e v e l  t h e  given c o n f i g u r a t i o n  and i t s  attachment j o i n t s  
were r equ i r ed  t o  withstand 80 000 p res su re  c y c l e s  over t he  expected 
normal range of d e t e c t o r  p re s su res  i n  o r b i t .  These p re s su res  were 
i n i t i a l l y  c a l c u l a t e d  t o  be 14 p s i a  a t  t h e  c o l d  s i d e  of t h e  nea r -  
e a r t h  o r b i t  and 39 p s i a  on t h e  sun s i d e  of t h e  o r b i t  f o r  an  i n i t i a l  
charge p res su re  of 27.4 p s i a .  The h igh  p res su re  of 39 p s i a  w a s  
a r b i t r a r i l y  increased by 10% t o  43 p s i a  (and l a t e r  t o  49 p s i a )  t o  
account f o r  t h e  a n t i c i p a t e d  reduced s t r e n g t h  of t h e  pa ren t  material 
a t  sun s i d e  temperatures  of o r b i t .  The s e l e c t i o n  of 80 000 c y c l e s  
f o r  tes t  r e p r e s e n t s  roughly four  t i m e s  t h e  r equ i r ed  number of p re s -  
s u r e  c y c l e s  f o r  l i f e  cyc le  t e s t i n g  of t he  f i n a l  d e t e c t o r .  This  
number w a s  ,considered an  adequate  margin. 

A t  t he  second 

The t h i r d  des ign  level c o n s i s t e d  of v i b r a t i o n  t e s t i n g  of f u l l -  
s i z e  d e t e c t o r s  t o  one sinewave sweep through t h e  environment s p e c i -  
f i e d  i n  t h e  Statement of Work. These t h r e e  des ign  s e l e c t i o n  l e v e l s  
r e s u l t e d  i n  s e l e c t i o n  o r  e l i m i n a t i o n  of t h e  cand ida te  des igns .  The 
s u r v i v i n g  des igns  s t i l l  w e r e  no t  ranked q u a n t i t a t i v e l y .  Consequently, 
a f i n a l  design l e v e l  w a s  i n i t i a t e d .  This  c o n s i s t e d  of p re s su re  c y c l e  
t e s t i n g  of subs i ze  t es t  specimens t o  determine c y c l e - s t r e n g t h  re l ia-  
b i l i t y  margin. These specimens were p res su re  cycled f o r  2 1  344 
c y c l e s ,  between t h e  l i m i t s  of 14 p s i g  and 49 p s i g ,  and then  b u r s t .  
From t h e  a b s o l u t e  va lue  and s c a t t e r  of t h e  b u r s t  p re s su re  d a t a  t h e  
r e l i a b i l i t y  of t h e  specimens t o  su rv ive  a d d i t i o n a l  p re s su re  c y c l e s  
w a s  determined. This  provided q u a n t i t a t i v e  ranking d a t a .  

F u l l  s i z e  and in t e rmed ia t e  s i z e  (18 by 18 in . )  d e t e c t o r s  w e r e  
b u i l t  and t e s t e d  t o  determine the  merits of i nc reased  s t i f f n e s s  of 
t he  d e t e c t o r s  t o  ass is t  i n  r e s i s t i n g  v i b r a t i o n  and a c o u s t i c  loads.  
These d e t e c t o r s  w e r e  instrumented w i t h  accelerometers (and wi th  . 
s t r a i n  gages i n  the  case of the f u l l - s i z e  d e t e c t o r )  and v i b r a t e d  
t o  determine c h a r a c t e r i s t i c s  of t he  d e t e c t o r s  a t  v a r i o u s  p re s su re  
c e l l  c a v i t y  h e i g h t s .  
m e r i t  i n  s t i f f n e s s  i n c r e a s e  i n  the d e t e c t o r s .  This  f a c t  w a s  re- 
spons ib l e  f o r  d i s c o n t i n u i n g  development of l a r g e  p re s su re  ce l l  
d e t e c t o r s .  

These tests i n d i c a t e d  t h e r e  w a s  l i t t l e  o r  no 
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Table 4 shows t h e  c o n f i g u r a t i o n s  r e j e c t e d  by the  v a r i o u s  
des ign  e v a l u a t i o n s .  Even tua l ly ,  a l l  brazed specimen c o n f i g u r a t i o n s  
w e r e  d i scon t inued  because of t he  slow progress  of development of 
b raz ing  of j o i n t s ,  and erratic r e p e a t a b i l i t y  and d e p e n d a b i l i t y  of 
braze s t r e n g t h .  Conf igu ra t ion  ''A'' d e t e c t o r s  w e r e  a l s o  e v e n t u a l l y  
d i scon t inued  wi th  NASA concurrence because they  presented l i t t l e  
advantage over t h e  h a l f - c y l i n d e r  d e t e c t o r s  developed f o r  t h e  S-55 
program. 

The f i n a l  s e l e c t i o n  of d e t e c t o r s  f o r  f u r t h e r  development i n  
t h e  des ign  development phase w a s  made on a numerical  s e l e c t i o n  
b a s i s .  Table 5 shows t h e  parameters t h a t  w e r e  compared between 
v a r i o u s  cand ida te  c o n f i g u r a t i o n s  of t h e  l a r g e  40 x 49-in. d e t e c -  
t o r s .  S i m i l a r  d a t a  were a l s o  prepared f o r  t h e  40 x 12-in. d e t e c -  
t o r s .  The area shown i s  t h e  e f f e c t i v e  t a r g e t  area a v a i l a b l e  f o r  
meteoroid p e n e t r a t i o n .  Panel weight i nc ludes  t h e  weight of t h e  
d e t e c t o r s  , switches , switch covers  , w i r e  covers  , mounts, and 
mounting hardware. Forming p res su re  r e l i a b i l i t y ,  l i f e  c y c l e  
r e l i a b i l i t y  and s t r e n g t h  s a f e t y  margin d a t a  w e r e  obtained from 
a subs i ze  r e l i a b i l i t y  test  program desc r ibed  i n  a later c h a p t e r .  
The relative c o s t  d a t a  are shown as a r a t i o  of t h e  s u b j e c t  panel 
c o s t  t o  t h e  c o s t  of a c o n f i g u r a t i o n  DZA-01 panel.  

To compare v a r i o u s  d e t e c t o r  c o n f i g u r a t i o n s  t h e  b a s i c  parame- 
ters  such as area, weight ,  r e l i a b i l i t y ,  e tc ,  w e r e  normalized t o  
permit t h e  c a l c u l a t i o n s  of a f i g u r e  of m e r i t  f o r  each configura-  
t i o n .  The v a l u e s  of each parameter f o r  a l l  cand ida te  conf igu ra -  
t i o n s  of a given family of d e t e c t o r s  w e r e  summed i n d i v i d u a l l y .  
The pe rcen t  of t h e  t o t a l  number f o r  each c o n f i g u r a t i o n  t h e n  
r e p r e s e n t s  an  approach c o e f f i c i e n t  f o r  t h a t  parameter.  For 
parameters such as c o s t  where a low number is  t h e  most d e s i r a b l e ,  
t h e  r e c i p r o c a l  of t he  va lue  w a s  summed. Such comparison d a t a  
are t y p i f i e d  by t a b l e  6 .  

F i n a l l y ,  weight ing f a c t o r s  w e r e  a p p l i e d  t o  the  b a s i c  de t ec -  
t o r  parameters f o r  comparison of d e t e c t o r s ;  as shown i n  t a b l e  7 .  
The weighting f a c t o r s  t o  be app l i ed  t o  each parameter w e r e  d e t e r -  
mined by use of mathematical  d e c i s i o n  p l o t .  Th i s  i s  a s u b j e c t i v e  
method whereby success ive  sets of two parameters are compared, 
Whichever parameter is judged the  most important of t h e  two is 
a s s igned  a v a l u e  of "1" and t h e  o t h e r  given a "0". A f t e r  a l l  
parameters are compared one a g a i n s t  t h e  o t h e r  t h e  p o i n t  t o t a l  f o r  
each s e p a r a t e  parameter i s  t a l l i e d ,  and the  t o t a l  p o i n t s  f o r  a l l  
parameters are f i g u r e d .  The percent  of t h e  t o t a l  number of p o i n t s ,  
r ep resen ted  by each parameter,  is then  c a l c u l a t e d  and t h i s  per-  
centage becomes t h e  parameter weight ing f a c t o r .  
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TABLE 6 . -  DATA COMPARISON TECHNIQUE 

Parameter 

Panel area 

Panel weight 

P robab i l i t y  of surv iv ing  2 1  344 
pressure  cyc les  

P robab i l i t y  of surv iv ing  forming 
pressure  

Manufacturing complexity 

Manufacturing c o s t  

Normalized d a t a  

Choice t a l l y  To ta l  

1 0 1 1 1  4 

0 0 1 1 1  3 

1 1  1 1 1  5 

0 0 0  1 1  2 

0 0 0 0  0 0 

0 0 0 0 1  1 
15 

A x  

DU-01 

DlA-02 

D1B-01 

3611.5 

3628.7 

3528.2 

c o s t  

D1A-Ol 

- 

D U - 0 2  

D1B-01 

Weighted d a t a  

Area 
DlA-01 

D1A-02 

D1B-01 

10768.4 

1.0 

3611.5110768.4 = 0.335 

3628.7110768.4 = 0.337 

3528.2110768.4 = 0.328 

1.000 
- 

111.0 = 1.00 1.0012.99 = 0.335 

.942 11.942 = 1.06  1.0612.99 = 0.355 

1.08 111.08- = 0.93 

2 .99  
I_ 

0.355 X 0.267 = 0.0895 

0.337 X 0.267 = 0.0900 

0.328 X 0.267 = 0.0875 

.93 /2 .99  = 0.310 

1 .ooo 
- 

TABLE 7 . -  WEIGHTING FACTOR DETERMINATION 

Empha s i s  
c o e f f i c i e n t  

0.2-67 

0.200 

0.333 

0.133 

0 

0.067 
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S e l e c t i o n  of t h e  d e t e c t o r  from t h e  D 1  series of cand ida te s  
i s  shown in t a b l e  8. 

The normalized d a t a  -- approach c o e f f i c i e n t s  -- and weighted 
d a t a  f o r  each cand ida te  c o n f i g u r a t i o n  of t h e  D 1  family of d e t e c -  
t o r s  is shown. The a b s o l u t e  va lues  of each of t h e  parameters can 
be seen  on t a b l e  8.  The fol lowing can be concluded: 

1) The area e f f i c i e n c y  of c o n f i g u r a t i o n s  D1A-01 and DlA-02 
are s u p e r i o r  t o  D 1 B - 0 1 ;  

2) The weight of a l l  of t he  c o n f i g u r a t i o n s  are e q u a l ;  

3 )  The r e l i a b i l i t y  of a l l  of t h e  c o n f i g u r a t i o n s  exceeds 
program goa l s  ; 

4 )  Two f i g u r e s  of m e r i t  a r e  shown, one inc lud ing  t h e  forming 
p res su re  s u r v i v a b i l i t y  parameter and one excluding t h e  
parameter,  s i n c e  c o n f i g u r a t i o n  D1B is  n o t  p re s su re  ex- 
panded ; 

5) Configurat ion DlA-02 i s  t h e  s u p e r i o r  design.  

S e l e c t i o n  of d e t e c t o r s  i n  t h e  o t h e r  c a t e g o r i e s  w a s  made on t h e  
same b a s i s .  The recommended c o n f i g u r a t i o n s  f o r  DD phase are l i s t e d  
i n  t a b l e  9.  The open-spacing designs r e p r e s e n t  c o n f i g u r a t i o n s  
having j o i n t s  loaded more h i g h l y  than  i s  permit ted by MIL-HDBK-5. 
These h ighe r  loaded j o i n t  c o n f i g u r a t i o n s  are i n  keeping wi th  t h e  
s t r e n g t h  of spotweld j o i n t s  as developed on t h e  MPDD program. A 
drawing of one of t he  prel iminary des ign  and development phase 
d e t e c t o r s  i s  shown i n  f i g u r e  10. 

P res su re  swi t ch  development: P res su re  a c t u a t e d  switch des ign  
development w a s  i n i t i a t e d  i n  p a r a l l e l  w i th  development of t he  
d e t e c t o r  c a v i t y  des ign  s t u d i e s .  

The electrical  c h a r a c t e r i s t i c s  of t h e  p re s su re  switch sub- 
system w e r e  e s t a b l i s h e d  by NASA-LRC a t  t h e  beginning of t h e  program 
as fol lows:  

1) The u n i t  should have a double-pole, double-throw c o n t a c t  
arrangement ; 

2) Contacts  should be r a t e d  a t  1 A cont inuous;  

3) Contact r e s i s t a n c e  should no t  exceed 50 milliohms a t  
100 pA (subsequent ly  ehan’ged t o  LOO milliohms a t  0.5A 
and 200 milliohms a t  100 PA, wi th  NASA concurrence);  
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4 )  Switch i n s u l a t i o n  should n o t  be less than  100 M i 2  a t  
600 V rms. 

It w a s  d e s i r e d  t h a t  t h e  pressure a c t u a t e d  switch be of mini- 
mum s i z e  t o  minimize t h e  meteoroid d e t e c t o r  s e n s i t i v e  area shaded 
by t h e  switch and weight added t o  t h e  d e t e c t o r .  From a d e t e c t o r  
s t a n d p o i n t ,  t h e  swi t ch  should ope ra t e  a t  minimum p r a c t i c a l  p re s -  
sure t o  minimize p re s su re  stresses i n  t h e  d e t e c t o r  i t s e l f .  

The fol lowing companies w e r e  contacted t o  determine the  
f e a s i b i l i t y  of b u i l d i n g  a p res su re  switch t o  m e e t  t h i s  r e q u i r e -  
ment of t h e  MPDD program: 

1) Servonic Instruments ,  Inc., Costa  Mesa, C a l i f o r n i a ;  

2) Consolidated Con t ro l s  Corp., Be the l ,  Connect icut ;  

3 )  Sigmanet ics ,  I n c . ,  Parsippany, New J e r s e y ;  

4 )  The B r i s t o l  Company, Waterbury,. Connect icut ;  

5) Custom Components Switches,  Chatsworth, C a l i f o r n i a ;  

6) Ca r l e ton  Con t ro l s  Corp., East Aurora, New York. 

The d e s i r e d  switch c h a r a c t e r i s t i c s  and requirements were 
d i scussed  w i t h  p o t e n t i a l  switch subsystem vendors t o  determine 
how t h e s e  requirements could b e s t  be m e t .  As a r e s u l t  of t h e s e  
d i s c u s s i o n s  it  w a s  determined t h a t  a switch could be b u i l t  w i th  
maximum dimensions of 1.50 i n .  diameter  and 1.00 i n .  depth,  u s ing  
a snap-through des ign  f o r  t h e  p re s su re  switch.  The snap-through 
f e a t u r e  would e l i m i n a t e  t h e  p o t e n t i a l  problem of " teasing" of 
electrical  c o n t a c t s  n e a r  t h e  t r i p  p re s su re  of t h e  swi t ch .  It 
was f u r t h e r  determined t h a t  a design goa l  maximum weight of 5 
ounces f o r  t h e  switch subsystem would be real is t ic .  Minimum 
switch t r i p  p re s su re  was e s t a b l i s h e d  t o  be approximately 3 p s i  
f o r  a u n i t  t h a t  would withstand boos te r  launch v i b r a t i o n  wi th  
reasonable  assurance t h a t  t h e  switch would n o t  t r i p .  The switch 
t r i p  (and reverse t r i p )  p re s su re  range w a s  subsequently estap- 
l i s h e d  a t  6 + 2.5 p s i ,  a range considered ach ievab le  by t h e  
switch vendors 

E a r l y  s t u d i e s  and experiments w i th  p re s su re  switch mounting 
schemes i n d i c a t e d  t h a t  t h e  switch should be mounted t o  t h e  d e t e c -  
t o r  as n e a r  as p o s s i b l e  a t  t h e  c e n t e r  of g r a v i t y  of t h e  switch.  
The h igh  level of environmental  input  v i b r a t i o n  t o  t h e  d e t e c t o r  
p l u s  a m p l i f i c a t i o n  of t h e s e  l eve l s  by t h e  MPDD d e t e c t o r  panels  
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i n d i c a t e d  t h a t  c a n t i l e v e r  mounting of p re s su re  switches w a s  less 
than  d e s i r a b l e ,  i t  no t  i b p r a c t i c a l .  Consequently, t h e  requirement 
w a s  added t h a t  t h e  p re s su re  switch assembly have a c i r c u m f e r e n t i a l  
f l ange  t o  a t t a c h  t h e  p re s su re  switch t o  t h e  d e t e c t o r .  The r e s u l t -  
i ng  switch des ign  provides  f o r  t h e  mounting f l ange  t o  be loca ted  
c l o s e  t o  t h e  c e n t e r  of g r a v i t y  and have a wide at tachment  f o o t p r i n t  
f o r  accommodating environmental  dynamic loads .  Th i s  f l ange  permits  
welding o f  t h e  u n i t s  i n t o  t h e  MPDD d e t e c t o r s  t o  provide a g a s - t i g h t  
j o i n t ,  and t h e  web of t h e  f l ange  provides a thermal  s t andof f  t o  
prevent welding h e a t  from reaching and damaging t h e  s e n s i t i v e  in -  
t e r n a l  switch p a r t s .  The p resen t  s p e c i f i c a t i o n  requirements f o r  
t h e  swi t ch  subsystem are de f ined  i n  r e f e r e n c e  2.  

Two vendors w e r e  chosen f o r  p re s su re  switch subsystem develop- 
ment t o  a s s u r e  devekopment of a t  least one accep tab le  des ign .  Con- 
t rac t s  were le t  w i t h  Car l e ton  Controls  Corporat ion of East Aurora,  
New York, and Servonic Instrument ,  I n c ,  of Costa Mesa, C a l i f o r n i a .  

The Servonic Instruments  Incorporated (SII) pres su re  switch 
assembly w a s  one of t h e  two designs chosen f o r  development f o r  t h e  
MPDD program. This  c o n f i g u r a t i o n  w a s  chosen f o r  development be- 
cause i t s  des ign  f e a t u r e s  w e r e  d i f f e r e n t  t han  t h e  o the r  cand ida te s  
and appeared simple and r e l i a b l e .  These f e a t u r e s  are: 

I n t e g r a l  e lec t r ic  c o n t a c t s  of t h e  switch were immersed i n  
t h e  p r e s s u r i z i n g  media of t h e  d e t e c t o r  on which t h e  switch 
assembly would be used.  Thus, as long as t h e  d e t e c t o r  
maintained p r e s s u r e ,  t h e  e l e c t r i c  c o n t a c t s  are n o t  sub- 
j e c t e d  t o  i o n i z a t i o n  and arc-over  problems ; 

The e lec t r ic  c o n t a c t s  w e r e  d i r e c t l y  l inked t o  a simple 
d r i v i n g  mechanism c o n s i s t i n g  of two B e l l e v i l l e  s p r i n g  
diaphragms welded back-to-back t o  form a p r e s s u r e - s e n s i t i v e  
capsu le .  This  p re s su re  capsule  has  t h e  f e a t u r e  of snapping 
c l e a n l y  through from one p o s i t i o n  t o  t h e  o the r  upon reach- 
ing  s w i t c h - t r i p  p re s su re .  
a t  o r  n e a r  t r i p  p re s su re  f o r  i n c r e a s i n g  o r  dec reas ing  p res -  
s u r e  changes ; 

The c o n t a c t s  are thus  n o t  "teased" 

The back- t o-back B e  l l e v i l  l e  - sp r ing  p r e s  s u r e  capsu le  bottoms 
out  on i t s e l f  w i th  inc reas ing  p res su re  app l i ed  t o  t h e  p re s -  
s u r e  p o r t ,  This  f e a t u r e  permits  t h e  p re s su re  capsu le  t o  
s t and  h igh  e x t e r n a l  over-pressures .  I n  test  t h i s  p re s su re  
capsu le  has  withstood p res su res  as h igh  as 750 p s i  without  
changing switch po in t  c h a r a c t e r i s t i c s .  
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The SI1 i n t e r n a l  c o n f i g u r a t i o n  is  shown i n  f i g u r e  11. A s  
can be seen from t h e  f i g u r e ,  t h e  e n t i r e  i n t e r n a l  c a v i t y  of t h e  
switch (with t h e  except  i on  OE t h e  pressure-capsule  i n t e r i o r )  is 
immersed i n  t h e  p r e s s u r i z i n g  medium. The internal p res su re  of t h e  
switch assembly (and a l s o  t h e  d e t e c t o r )  can be checked simply by 
app ly ing  a back p res su re  t o  t h e  i n t e r i o r  of t h e  p re s su re  capsu le ,  
thereby a c t i n g  a g a i n s t  t h e  capsu le  e x t e r n a l  p r e s s u r e  t o  t r i p  t h e  
switch.  This  provides  a handy method f o r  checking p r e s s u r i z a t i o n  
of d e t e c t o r s .  

The disadvantage of t h i s  c o n f i g u r a t i o n  l ies  i n  t h e  numerous 
glass-bead hermetic  seals f o r  e l e c t r i c  feedthrough connections 
from the  i n t e r n a l  switch c o n t a c t s .  These seals r e p r e s e n t  p o t e n t i a l  
l e a k  pa ths .  The SI1 c o n f i g u r a t i o n  performed w e l l ,  i n i t i a l l y ,  and 
w a s  developed du r ing  t h e  p re l imina ry  des ign  phase of t h e  MPDD pro- 
gram. 

The Car l e ton  Con t ro l s  Corporat ion (CCC) p re s su re  switch assem- 
b l y  w a s  chosen as t h e  second des ign  f o r  development f o r  t h e  MPDD 
program. This  c o n f i g u r a t i o n  represented a convent ional  approach 
t o  a p res su re  switch d e s i g n ,  The f e a t u r e s  of t h i s  c o n f i g u r a t i o n  
are : 

1) U s e  of proved he rme t i ca l ly - sea l ed  microswitches,  Two 
s ing le -po le  double-throw microswitches provide redundant 
a c t i v a t i o n  i n d i c a t i o n  al though both microswitches are 
a c t u a t e d  by a common s t r i k e r  p l a t e ;  

2) Use of a p res su re  diaphragm backed up by a B e l l e v i l l e  
s p r i n g  provides a snap-through a c t i o n  t o  the elec- 
t r i c  c o n t a c t s .  The diaphragm and B e l l e v i l l e  s p r i n g  snap 
through c l e a n l y  from one p o s i t i o n  t o  t h e  o t h e r  when t h e  
p re s su re  t r a v e r s e s  through t h e  t r i p  p re s su re  range, 
caus ing  the  s t r i k e r  p l a t e  t o  s t r ike (or release from) 
t h e  microswitch a c t u a t o r  arms. The microswitches i n  t u r n  
are snap through dev ices .  No e lectr ic  c o n t a c t  " teasing" 
i s  p o s s i b l e  wi th  t h i s  c o n f i g u r a t i o n  a t  o r  nea r  t r i p  
p re s su res  ; 

3 )  Only one l e a k  path exis ts  f o r  t h i s  des ign .  P res su re  can 
l e a k  on ly  through t h e  diaphragm weld (assuming t h e  pa ren t  
m e t a l  i t s e l f  does no t  l eak ) .  

This  des ign  funct ioned w e l l  i n  t e s t  and had g e n e r a l l y  lower 
c o n t a c t  res is  t ance  than  t h e  Servonic switch.  The i n t e r n a l  conf igu- 
r a t i o n  of t h e  Car l e ton  switch assembly is  shown i n  f i g u r e  12. The 
s t a i n l e s s  steel p res su re  diaphragm of 0.002-in. t h i c k  material 
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Figure 11.- Servonic Instrument Incorporated Switch Configuration 
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backed up by a Bellevil le s p r i n g  can be seen i n  t h e  f i g u r e .  The 
c e n t e r  of t h e  B e l l e v i l l e  s p r i n g  con ta ins  an  aluminum s t r i k e r  p l a t e  
t h a t  pushes a g a i n s t  t h e  a c t u a t o r  arms of t h e  microswitches t o  
a c t u a t e  the  microswitch c o n t a c t s .  The two microswitches are a t -  
tached t o  a threaded switch ho lde r ,  providing adjustment of t h e  
microswitches i n  t h e  main body o f  t h e  switch assembly. This  switch 
assembly, l i k e  t h e  Servonic c o n f i g u r a t i o n ,  has  a v e n t  po r t  t o  pe r -  
m i t  checking the  d e t e c t o r  i n t e r n a l  p re s su re  by applying over- 
p re s su re  through t h e  v e n t .  
s a t i s f a c t o r y  f o r  t h e  Car l e ton  switch because of t h e  p re s su re  leak-  
age through t h e  th reads  of t he  switch h o l d e r .  

This  procedure has  not  been q u i t e  as 

P res su re  switch mount: Pressure switch mount development 
proceeded along two p a r a l l e l  pa ths .  The p r e s s u r e  switch mounting 
concept f o r  heavy gage (over 16 m i l )  d e t e c t o r s  permit ted d i r e c t  
mounting o f  t he  switch i n t o  t h e  d e t e c t o r  i t s e l f .  The l i g h t e r  gage 
d e t e c t o r s  would not  p e r m i t  t h i s  approach, and r equ i r ed  remote 
mounting of t h e  p re s su re  switch assembly. Both mounting concepts 
were eva lua ted  du r ing  t h e  prel iminary des ign  and development phase. 

The heavy gage d e t e c t o r  switch mount concept w a s  developed 
du r ing  t h e  e a r l y  months of t h e  program and proved s u c c e s s f u l  from 
i t s  incep t ion .  The concept involves  forming a drawn cup "volcano" 
i n t e g r a l  i n  t h e  t a r g e t  shee t  of t h e  d e t e c t o r ,  as shown i n  f i g u r e  
13. The p res su re  switch is then pressed i n t o  the  volcano and 
f u s i o n  welded t o  j o i n  t h e  l i p  of the p re s su re  switch mounting 
f l ange  t o  t h e  l i p  of t h e  volcano. A p o s i t i v e ,  l e a k t i g h t  p re s su re  
s e a l  r e s u l t s  f rom t h i s  i n s t a l l a t i o n .  The i n i t i a l  design used a 
p r e s s u r i z i n g  f i l l  tube brazed i n t o  the  bottom r a d i u s  of the vo l -  
cano f o r  p r e s s u r i z i n g  t h e  d e t e c t o r  a f t e r  i n s t a l l i n g  t h e  swi t ch  
assembly. This  tube w a s  pinched o f f ,  s e a l e d ,  and wrapped around 
t h e  volcano. A f i l l  tube p r o t e c t o r  w a s  i n s t a l l e d  over t h e  f i l l  
tube and a switch-terminal  s h i e l d  i n s t a l l e d  over t h e  p r e s s u r e  
switch t o  p r o t e c t  t h e s e  i t e m s  from puncture by meteoroids .  The 
i n s t a l l e d  switch i n s t a l l a t i o n  i s  shown i n  f i g u r e  14. 

The t h i n  gage d e t e c t o r s  proved t o  be less easy t o  provide 
wi th  a simple p re s su re  switch mount. The f i r s t  des ign  concept 
pursued w a s  a n  a t t empt  t o  copy t h e  d e s i r a b l e  f e a t u r e s  of t he  switch 
mount f o r  t h e  heavy gage d e t e c t o r s .  This  approach involved pro- 
v i d i n g  a t r i a n g u l a r  16-mil doubler  p l a t e  (gusse t )  on t h e  d e t e c t o r .  
This  g u s s e t  w a s  seam welded t o  the  upper t a r g e t  s h e e t  f o r  p r e s -  
s u r e  i n t e g r i t y ,  and provided a n  i n t e g r a l  volcano f o r  mounting t h e  
p re s su re  swi t ch .  A r a i s e d  f l ange  a c r o s s  t h e  d i agona l  edge t r a n s -  
mi t t ed  switch v i b r a t i o n  loads over t o  the  edge of t h e  d e t e c t o r  
panel .  This  c o n f i g u r a t i o n  is shown i n  f i g u r e s  15 and 16. This  
des ign  w a s  i n e f f i c i e n t  because it blanketed t o o  l a r g e  a n  area of 
t he  t a r g e t  s h e e t ;  i t  w a s  t h e r e f o r e  d i sca rded .  
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Figure 13 .  - Switch Support "Volcano" 
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F i l l  t ube  
Wire s h i e l d  

F igu re  14.-  Ca r l e ton  Switch I n s t a l l a t i o n  
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F i g u r e  15.- Switch Support  Gusset 
(Thin Gage Targe t )  

F igu re  16.- B1 Ful l -S ize  Panel Showing Switch Gusset ,  
12x40 i n . ,  21-6-9 S t a i n l e s s  S t e e l  
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The second des ign  approach i s  shown i n  f i g u r e  1 7 .  This con- 
c e p t  provided f o r  mounting of the p re s su re  switch i n  a p res su re  
cup remote from the d e t e c t o r ,  w i th  a p res su re  tube j o i n i n g  the 
cup t o  the d e t e c t o r .  This  apprcach was heavy and a l s o  covered 
more of t he  t a r g e t  s h e e t  t han  d e s i r e d .  

The t h i r d  c o n f i g u r a t i o n  generated du r ing  the PDD phase i s  
shown i n  f i g u r e  18. This c o n f i g u r a t i o n  a l s o  mounts the p re s su re  
switch remotely from the  d e t e c t o r .  It d i f f e r s  from the second 
c o n f i g u r a t i o n  i n  t h a t  the p re s su re  switch i s  mounted a t  r i g h t  
a n g l e s  t o  the d e t e c t o r  t o  minimize the shadowing of t h e  d e t e c t o r .  
The p res su re  switch i s  welded i n t o  a p re s su re  cup, which is  i n  
t u r n  supported by a corner-mounted b r a c k e t .  A p re s su re  tube j o i n s  
the  switch-mounting-pressure-cup t o  the  d e t e c t o r .  A flanged tube 
f i t t i n g  welded t o  the upper t a r g e t  s h e e t  w i t h  a n  annu la r  r e s i s t a n c e  
w e l d  (ring-weld) pr6vides a l e a k t i g h t  p re s su re  connection t o  the 
d e t e c t o r  p re s su re  c a v i t y ,  The p res su re  switch i s  p ro tec t ed  from 
meteoroids by a switch cover and a f lange on the b r a c k e t .  

Detector  mount design:  The d e t e c t o r s  des igned ,  b u i l t ,  and 
t e s t e d  by Mart in  Marietta before  the MPDD program had problems 
i n  su rv iv ing  v i b r a t i o n  t e s t i n g .  Seve ra l  of the d e t e c t o r s  f a i l e d  
because of f a t i g u e  of t he  p a r e n t  m e t a l  around the  s p o t  welds. 
Consequently, e a r l y  mount s t u d i e s  were cen te red  around the  use of 
v i b r a t i o n  i s o l a t o r s .  The o r i g i n a l  v i b r a t i o n  inpu t  l e v e l  s p e c i f i e d  
by NASA had an  i n p u t  amplitude of 0 .3 - in .  a t  the l o w  frequency end 
of t he  spectrum. A good v i b r a t i o n  i s o l a t o r  could have a v i b r a t i o n  
"Q" f a c t o r  a t  resonance as low as 5.  The v i b r a t i o n  i s o l a t o r  could 
t h e r e f o r e  experience v i b r a t i o n  amplitudes as g r e a t  as 1 . 5  i n .  A 
survey of a v a i l a b l e  v i b r a t i o n  i s o l a t o r s  i nd ica t ed  t h a t  s u i t a b l e  
i s o l a t o r s  could n o t  be found. A t e s t  of two cable- type commercial 
i s o l a t o r s  w a s  made , however , t o  e v a l u a t e  i s o l a t o r  response t o  the 
s p e c i f i e d  t e s t  environment. These i s o l a t o r s  a r e  shown mounted f o r  
t es t  on a v i b r a t i o n  f i x t u r e  i n  f i g u r e  19.  This  t e s t  r e s u l t e d  i n  
mechanical r u p t u r e  of the i s o l a t o r s .  It appeared t h a t  t he re  w a s  
no commercially a v a i l a b l e  i s o l a t o r  s u i t a b l e  f o r  t h e  MPDD program. 
Consequently, d e t e c t o r  mount a t t e n t i o n  w a s  r e d i r e c t e d  t o  hard-  
mounting the d e t e c t o r  w i th  emphasis on mount approaches t h a t  would 
a l l e v i a t e  the d e t e c t o r  l oads .  

The f i r s t  d e t e c t o r  mount designed f o r  MPDD d e t e c t o r s  is  shown 
i n  f i g u r e  20. This mount c o n s i s t e d  of a continuous "C" channel 
r i g i d l y  a t t a c h e d  t o  the d e t e c t o r .  This mount would provide con- 
t inuous and uniform support  f o r  the d e t e c t o r  w i thou t  d i s c o n t i n u i t i e s  
o r  s t ructural- impedance mismatch excep t  a t  the  c o r n e r s .  S t r u c t u r a l  
dynamics a n a l y s t s  suggested t h a t  t h i s  approach might a s s i s t  i n  
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Figure 1 7 . -  Alternative h i t c h  Support (Thin Gage Target) 
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View B-B 

Figure 20 . -  MPDD Mounting Frame 

52 



reducing v i b r a t i o n  loads experienced by t h e  d e t e c t o r  and enhance 
t h e  d e t e c t o r ' s  chances of su rv iv ing  v i b r a t i o n  t e s t i n g .  
i f  s u c c e s s f u l ,  would be l i gh tened  by adding h o l e s  i n  t h e  web and 
chem-milling t h e  o u t e r  f l ange  t o  match t h e  loads measured i n  t h e  
mount channel .  Th i s  mounting concept w a s  d i scussed  wi th  NASA dur-  
i ng  an e a r l y  des ign  review. NASA personnel  f e l t  t h a t  t h e  presence 
of t h e  channel could preclude v a l i d  load d a t a  obtained du r ing  
v i b r a t i o n .  It w a s  a l s o  f e l t  that t h i s  approach would n o t  produce 
a n  optimized mounting concept ,  p a r t i c u l a r l y  s i n c e  a n  e v a l u a t i o n  of 
thermal expansion a f f e c t s  w a s  no t  considered.  It w a s  suggested 
t h a t  o t h e r  mounting concepts  be eva lua ted .  

This  mount, 

A study w a s  made t o  determine t h e  r e l a t i v e  thermal expansion 
of t h e  d e t e c t o r s  with respect t o  the  s p a c e c r a f t .  The r e s u l t s  of 
t h e s e  s t u d i e s  i n d i c a t e d  t h a t  f o r  an  aluminum s p a c e c r a f t  and s t a i n -  
less steel d e t e c t o r s  t h e  relative thermal expansion could be as 
l a r g e  as shown: 

Detector  edge l e n g t h ,  i n .  R e l a t i v e  expans ion ,  i n .  

49 0.101 

40 

1 2  

0.082 

0.025 

De tec to r  mount s t u d i e s  were then  i n i t i a t e d  t o  determine s u i t a b l e  
des  igns t o  cope wi th  t h e  a n t i c i p a t e d  loads and thermal expans ion.  
Approximately 12 mounting concepts  were eva lua ted  du r ing  t h e  PDD 
phase o f  t h e  program. These s t u d i e s  developed i n t o  t h r e e  b a s i c  
concepts w i th  v a r i a t i o n s  i n  each group. F igu res  2 1  t h r u  23  show 
t h e  b a s i c  concepts  considered . 

Figure 2 1  shows a concept u s ing  f l e x i n g  s p r i n g  f i n g e r s  sup- 
p o r t i n g  t h e  d e t e c t o r .  The main view of t h i s  f i g u r e  i s  a composite 
of one l a r g e  d e t e c t o r  (40x49 in.)  w i th  p a r t  of t h e  view cut  away 
t o  show four  of t h e  small (40x12 i n . )  d e t e c t o r s ,  (Four of t h e  
small d e t e c t o r s  can be i n s t a l l e d  i n  a d e t e c t o r  bay i n  place of one 
l a r g e  d e t e c t o r . )  
t h e  l o c a t i o n  a t  t h e  panel edge of a panel support  mount s p r i n g .  
Sec t ions  A-A and C-C on t h e  f i g u r e  show t h e  c o n f i g u r a t i o n  of t h e s e  
support  s p r i n g  f i n g e r s .  The f i n g e r s  f l e x  t o  permit thermal growth 
of t h e  d e t e c t o r ,  bu t  are otherwise s t i f f  t o  c a r r y  d e t e c t o r  loads.  
The disadvantage of t h i s  approach l ies i n  t h e  f a c t  t h a t  each s p r i n g  
a long  a n  edge is  d i f f e r e n t ,  and i n s t a l l a t i o n  of d e t e c t o r s  i s  rela- 
t i v e l y  complex. 

Each c e n t e r l i n e  ray i n  t h e  main view r e p r e s e n t s  
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View B-B 

Typ a t  E of each panel s ide  

,- See 

View D 

View D 

Section A-A Typ each panel mounting 
point except a t  center 
points (see View B-B) 

indicates  ine f fec t ive  target area ".,.....-.,.;I. due to mounting. 

40 - 12x40 panels - 
1 - 40x49 inel 

Pigpre 21.- Mounting Configuration No.  4 
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Figure 22 shows a mount concept u s ing  r o t a t i n g  l i n k s .  The 
support  l i n k s  are seen i n  view B-B on the  drawing. These l i n k s  
rotate t o  permit d e t e c t o r  expansion along t h e  edge and f l e x  t o  
permit expansion a t  r i g h t  ang le s  t o  the  r o t a t i o n a l  axis.  Out-of- 
plane d e t e c t o r  l oads  are c a r r i e d  as axial  loads i n  t h e  l i n k s .  In- 
plane loads are c a r r i e d  by four  f l e x  p l a t e s ,  one a t  the  c e n t e r  of 
each d e t e c t o r  edge. These f l e x  p l a t e s  are hard p o i n t s  f o r  c a r r y i n g  
in-plane d e t e c t o r  loads i n  t h e  plane of each f lex p l a t e .  These 
p l a t e s ,  l i k e  t h e  r o t a t i n g  l i n k s  f lex t o  provide f o r  d e t e c t o r  t h e r -  
m a l  growth. The disadvantage of t h i s  c o n f i g u r a t i o n  l ies  i n  t h e  
numerous p a r t s  and d i f f i c u l t y  i n  i n s t a l l a t i o n .  

F igu re  23 shows a mount concept u s i n g  s l i d i n g  components. 
Th i s  concept w a s  e v e n t u a l l y  chosen as t h e  one t o  be  developed. 
The mount c o n s i s t s ' o f  bent ang le s  (or e x t r u s i o n s )  of aluminum t h a t  
are bo l t ed  o r  r i v e t e d  d i r e c t l y  t o  t h e  mounting-bay w a l l s  of t h e  
s p a c e c r a f t ,  providing a f l a t  s h e l f  f o r  t h e  d e t e c t o r  t o  rest on. 
The d e t e c t o r  i s  a t t a c h e d  t o  t h e s e  ang le s  by b o l t s  as shown. A l l  
of t h e  b o l t  h o l e s  i n  t h e  d e t e c t o r  and t h e  mating h o l e s  i n  t h e  mount 
a n g l e  are o v e r s i z e  except  f o r  those i n  t h e  c e n t e r  of each edge. 
These h o l e s ,  being o v e r s i z e  f o r  t h e  attachment b o l t s ,  provide f o r  
relative thermal expansion between t h e  s p a c e c r a f t  and t h e  d e t e c t o r s .  
Four "hard-point" b o l t s  are provided a t  t h e  c e n t e r  of each d e t e c t o r  
edge. These c o n s i s t  of f l a t - s i d e d  b o l t s  r i d i n g  i n  r a d i a l  s l o t s  i n  
t h e  d e t e c t o r  edge and f i t t i n g  t i g h t l y  i n  h o l e s  i n  t h e  mount a n g l e s .  
They provide f o r  thermal expansion of t h e  d e t e c t o r s  r a d i a l l y  ( i n  
t h e  d i r e c t i o n  of t h e  s l o t s ) ,  and by v i r t u e  of t h e  snug f i t  of t h e  
s l a b  s i d e s  of t h e  b o l t  i n  t h e  s l o t ,  react d e t e c t o r  in-plane loads 
perpendicular  t o  the  s l o t .  All b o l t s  accep t  out-of-plane loads 
from t h e  d e t e c t o r . '  Te f lon  t a p e  on both s i d e s  of t h e  d e t e c t o r  and 
under t h e  mount ang le  provides  f o r  low f r i c t i o n  s l i d i n g  du r ing  
r e l a t i v e  thermal expansion between t h e  d e t e c t o r  and t h e  s p a c e c r a f t .  

A l l  c o n f i g u r a t i o n s  were s tud ied  t o  select t h e  proper mount. 
Weight t r a d e o f f  s t u d i e s  were performed a long  wi th  complexity and 
c o s t  s t u d i e s .  The c o n f i g u r a t i o n  s e l e c t e d  appeared t o  b e  t he  b e s t  
compromise and was  t h e  s i m p l e s t  and lowest c o s t .  

Design Development phase,-  The Design Development (DD) phase 
of t h e  NPBP program w a s  designated f o r  con t inu ing  development of 
t h e  d e t e c t o r  des igns  produced du r ing  t h e  Prel iminary Design and 
Development phase. During t h e  earlier phase d e t e c t o r  p re s su re  
c a v i t y  development work w a s  ,completed, and designs were developed 
f o r  p re s su re  swi t ches ,  pressure-switch mounts, and d e t e c t o r  mounts. 
Completion of t h e  e n t i r e  d e t e c t o r  system involving mating o f  t he  
p re s su re  switch and i t s  mount t o  the  d e t e c t o r ,  t h e  d e t e c t o r  t o  
i t s  Spacec ra f t  mount, and t h e  "F" d e t e c t o r  bumper s h e e t s  t o  the  

55 



c .d 
a 
%I 

U 
M U  
m o  

u o  
a, .d 

W W  
. P a ,  

P- I 
r. 
I+ 

II II II II II II u II 

I 

N 
N 

56 



I 

I 
1 1 

0 

I 

57 



basic d e t e c t o r  s t i l l  w a s  not  accomplished. This  eng inee r ing  
development work w a s  accomplished i n  t h e  DD phase. I n  a d d i t i o n ,  
d e t e c t o r  components w e r e  changed and improved du r ing  t h i s  phase. 
This  work i s  desc r ibed  h e r e i n .  

Detector  bumper support :  The d e t e c t o r  bumper f o r  t h e  "F" 
c o n f i g u r a t i o n  d e t e c t o r  w a s  r equ i r ed  by s p e c i f i c a t i o n  t o  be a 1- 
m i l - t h i c k  s t a i n l e s s  s tee l  s h e e t ,  and be a d j u s t a b l e  from 0.25 t o  
1.50 i n .  away from the  d e t e c t o r .  S t u d i e s  were i n i t i a t e d  du r ing  
t h e  PDD phase and completed du r ing  the  DD phase on suppor t ing  t h e  
bumper s h e e t  on t h e  d e t e c t o r .  It w a s  concluded t h a t  t h e  b e s t  way 
t o  support  i t  w a s  t o  hold i t  i n  t e n s i o n  i n  t h e  d e s i r e d  p o s i t i o n ,  
provided t h a t  t he  bumper would no t  h i t  t he  d e t e c t o r  du r ing  v i b r a -  
t i o n  t es t s .  It did.  not  appear p rac t ica l  t o  make t h e  bumper r i g i d  
and se l f  suppor t ing  by adding f l a n g e s .  The chosen concept proved 
s u c c e s s f u l  and t h e  des ign  remained r e l a t i v e l y  unchanged through 
t h e  program. The bumper s h e e t  des ign  shown i n  f i g u r e  24, c o n s i s t s  
of a s h e e t  of 0.00'1-in. - t h i c k  21-6-9 s t a i n l e s s  s t e e l  s h e e t  r e i n -  
forced by O.OO8-in.-thick doub le r s  a t  the  c o r n e r s .  The doublers  
provide f o r  i n t r o d u c t i o n  of t h e  suppor t ing  s p r i n g  loads and d i s -  
t r i b u t i n g  of t h e s e  loads i n t o  t h e  t h i n  bumper s h e e t ,  The bumper 
s h e e t  co rne r s  are trimmed back t o  provide c l ea rance  f o r  t h e  sup- 
p o r t i n g  s p r i n g s  and b r a c k e t s .  

F igu re  25 shows the  i n s t a l l a t i o n  of t h e  bumper s h e e t s  on t h e  
d e t e c t o r .  The d e t e c t o r  i s  supported on four  co rne r s  by b r a c k e t s ,  
two of which are t h e  p re s su re  switch b r a c k e t s .  These b racke t s  
extend above and below t h e  d e t e c t o r  t o  mount a bumper shee t  on 
each s i d e ,  and have ho le s  t o  provide incremental  adjustment of t he  
bumper l o c a t i o n .  C o i l  s p r i n g s  a c t i n g  on c l e v i s  p ins  through t h e s e  
adjustment  ho le s  provide t h e  necessary t e n s i o n  t o  p o s i t i o n  and 
support  t h e  bumper s h e e t s .  

This  c o n f i g u r a t i o n  w a s  v i b r a t i o n  t e s t e d  t o  see i f  t h e  bumper 
s h e e t s  would be damaged o r  p re sen t  undes i r ab le  c h a r a c t e r i s t i c s .  
For these  tes ts  t h e  bumper s h e e t s  were pos i t i oned  i n  the  c l o s e s t  
p o s i t i o n  t o  t h e  d e t e c t o r  t a r g e t  s h e e t .  No damage w a s  incurred i n  
t h e  t e s t ,  nor  were any problems e v i d e n t .  The des ign  s u c c e s s f u l l y  
m e t  t h e  test  requirements .  

Pressure switch mQunt development: The p res su re  switch mount- 
i ng  concepts developed du r ing  t h e  PDD phase proved t b  be s a t i s f a c -  
t o r y .  However, improvement changes were made i n  t h e s e  c o n f i g u r a t i o n s  
as t h e  MPDD d e t e c t o r  des igns  were f u r t h e r  developed du r ing  t h e  DD 
phase. These changes are desc r ibed  below f o r  t he  heavy and l i g h t  
gage d e t e c t o r s .  
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For the  heavy gage d e t e c t o r  switch mount t h e  b a s i c  concept 
of mounting the  p re s su re  switch i n  a formed cup "volcano" i n  t h e  
d e t e c t o r  t a r g e t  s h e e t  proved completely s a t i s f a c t o r y .  No problems 
w e r e  encountered w i t h  switches mounted i n  t h i s  manner. The welded 
j o i n t  w a s  l e a k t i g h t  and t r o u b l e f r e e .  The f i l l  t ube  arrangement 
f o r  p r e s s u r i z i n g  t h e  d e t e c t o r ,  however, w a s  changed t o  e l i m i n a t e  
p o t e n t i a l  problems. The p res su re  f i l l  tube w a s  hand brazed i n  t h e  
base of t he  volcano. This  posed a p o t e n t i a l  problem of changing 
t h e  l o c a l  s u r f a c e  f i n i s h  c h a r a c t e r i s t i c s  of t h e  t a r g e t  s h e e t .  This  
area w a s  spo t  welded subsequent ly  t o  j o i n  t h e  two t a r g e t  s h e e t s ;  
and d i f f e r e n c e s  in s u r f a c e  f i n i s h  could produce welding problems. 
A second reason f o r  changing t h e  d e s i g n  w a s  t o  e l i m i n a t e  t h e  use 
of t ack - so lde r ing  of t h e  end of t h e  tube  a f t e r  wrapping t h e  tube 
around t h e  volcano. Corrosive f l u x e s  used wi th  s o l d e r  proved t o  
be a p o t e n t i a l  problem. 

A s  a r e s u l t  of des ign  improvement s t u d i e s  t h e  f i l l  tube was 
moved away from t h e  volcano and l o c a t e d  remote from t h e  switch 
i n s t a l l a t i o n .  A s p e c i a l  ring-weld technique was  developed t o  a t -  
t a c h  a f i l l  tube adap te r  t o  t h e  d e t e c t o r  t a r g e t  s h e e t  as shown i n  
f i g u r e  26. This  f i t t i n g  provided a durab le  a t tachment  f o r  t he  
p re s su re  f i l l  tube.  A f i l l  tube p r o t e c t o r  cap p ro tec t ed  t h e  f i l l  
tube from meteoroid puncture .  This  cap  w a s  i n s t a l l e d  a f t e r  f i n a l  
p re s su re  f i l l  and s e a l i n g  of t h e  d e t e c t o r .  

In removing t h e  f i l l  tube from t h e  volcano,  t h e  f i l l  tube 
p r o t e c t o r  w a s  a l s o  removed (see f i g .  14) .  This  l e f t  t h e  upper 
p o r t i o n  of t h e  volcano unprotected from meteoroid puncture.  The 
formed m a t e r i a l  of t h e  volcano w a s  t h i n n e r  than t h e ' r e s t  of t he  
t a r g e t  s h e e t .  A volcano p r o t e c t o r  s t r a p  w a s  welded around the  v o l -  
cano t o  p r o t e c t  i t  from puncture by meteoroids .  This  s t r a p  i s  
shown i n  f i g u r e  27 a long  wi th  t h e  hollow b o l t  f i t t i n g  a t t a c h i n g  
the  switch t e r m i n a l  s h i e l d  t o  t h e  p re s su re  swi t ch .  Th i s  f i t t i n g  
i s  used t o  check t h e  i n t e r n a l  p r e s s u r e  of t h e  d e t e c t o r  by applying 
a back p res su re  t o  t h e  switch ven t  p o r t .  This  d r i v e s  t h e  switch 
diaphragm a g a i n s t  t h e  i n t e r n a l  p re s su re  of t h e  d e t e c t o r  t o  t r i p  
the  switch.  

For t h e  l i gh t -gage -de tec to r ,  e a r l y  s t u d i e s  of suppor t ing  
t h e  bumper s h e e t  on t h e  "F" d e t e c t o r  r e s u l t e d  i n  providing a 
bumper-sheet support  b r a c k e t  below and above t h e  d e t e c t o r .  
u p p e r  bumper s h e e t  support  b racke t  f o r  two c o r n e r s  of t h e  detec-  
t o r  w a s  t h e  pressure-switch support  b racke t .  This  c o n f i g u r a t i o n  
is  shown i n  f i g u r e  28. During d e t e c t o r  mount e v a l u a t i o n  s t u d i e s ,  
i t  became apparent  t h a t  t h e  lower b racke t  i n t e r f e r e d  wi th  d e t e c t o r  
mount. A s  a r e s u l t  t h e  s e l e c t e d  d e t e c t o r  mount w a s  shortened t o  
clear t h i s  b racke t .  Th i s  w a s  n o t  a problem as it  p e r t a i n e d  t o  

The 
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Switch volcano 

Volcano p r o t e c t o r  Switch te rmina l  s h i e l d  

Wire s h i e l d  

Switch volcano 

Volcano p r o t e c t o r  Switch te rmina l  s h i e l d  

Wire s h i e l d  

F igu re  27.- Improved Switch I n s t a l l a t i o n  
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t h e  "F" c o n f i g u r a t i o n  d e t e c t o r ,  but  caused t h e  "F" d e t e c t o r  mount 
t o  be d i f f e r e n t  t han  t h e  o t h e r  40x12-in. d e t e c t o r s .  To provide 
mount i n t e r c h a n g e a b i l i t y  between a l l  of t he  small d e t e c t o r s  t h e  
lower bracket  w a s  modified.  The f i n a l  des ign  r e s u l t e d  i n  t h e  
p re s su re  switch b racke t  being redesigned t o  support  t h e  lower 
bumper s h e e t  as w e l l  as t h e  top  s h e e t .  This  w a s  accomplished, 
as shown i n  f i g u r e  29, by adding a c a n t i l e v e r e d  e x t e n s i o n  t o  t h e  
switch b racke t .  The c a n t i l e v e r e d  ex tens ion  e l imina ted  the  i n t e r -  
ference wi th  t h e  extended d e t e c t o r  mount and permit ted mount 
i n t e r c h a n g e a b i l i t y  wi th  o t h e r  d e t e c t o r s .  

The switch mount f o r  t h e  "F" d e t e c t o r  panel  i s  a l s o  usab le  
on t h e  "B" d e t e c t o r  pane l s .  However, t h e  "B" c o n f i g u r a t i o n  does 
no t  r e q u i r e  a bumper support  b racke t .  The f i n a l  d e s i g n  of t h e  
switch support  b r a c k e t  is shown i n  f i g u r e  30. The b racke t  i s  
usab le  d i r e c t l y  f o r  t he  "B" and has p r e d r i l l e d  h o l e s  f o r  a t t a c h -  
ing t h e  a d d i t i o n a l  t o p  and bottom bumper-sheet suppor t ing  brack- 
e t r y  wi th  r i v e t s .  Th i s  f i n a l  b racke t  des ign  used a l i g h t e r  gage 
of material than i t s  p redecesso r s ,  and had a d d i t i o n a l  f langed 
reinforcement  of b racke t  f r e e  edges.  

Pressure switch changes: Pressure switch d e s i g n  w a s  e s t a b -  
l i s h e d  du r ing  t h e  PDD phase of t h e  program and development w a s  
completed a t  the  end of t h i s  phase. The need f o r  s e v e r a l  changes 
i n  t h e  switch des ign  w a s  recognized and changes were i n i t i a t e d  
du r ing  t h e  PDD phase. These changes,  i n  g e n e r a l ,  d i d  n o t  occur 
u n t i l  t h e  DD phase. They are r epor t ed  h e r e i n .  

The maximum weight of t h e  p re s su re  switch w a s  e s t a b l i s h e d  
by s p e c i f i c a t i o n  no t  t o  exceed 5.0 oz.  Both vendors produced 
switch des igns  w e l l  w i t h i n  t h e  s p e c i f i c a t i o n  weight va lue .  The 
switches weighed approximately 3 . 5  oz. Both vendors '  products ,  
however, s t i l l  appeared t o  be capable  of weight r e d u c t i o n ,  There- 
f o r e ,  du r ing  t h i s  per iod wi th  c o n s u l t a t i o n  i n p u t s  from t h e  vendors 
t h e  p re s su re  switch Procurement Drawing PD7100075 w a s  changed t o  
dec rease  t h e  maximum al lowable weight of t h e  switch from 5.0 oz 
t o  2.7 oz. Both switch vendors modified t h e i r  des igns  t o  inco r -  
po ra t e  t h i s  change. Lightweight hardware w a s  f a b r i c a t e d  and de- 
l i v e r e d  t o  Mart in  Marietta. The Car l e ton  switch weighed 2.56 oz 
and t h e  Servonic switch weighed 2.50 oz. Both weights  include 
t h e  r equ i r ed  w i r e  p i g t a i l s ,  

Other changes included t h e  a d d i t i o n  of p a r t i c l e  f i l t e r s  on 
both t h e  p re s su re  and vent  p o r t s  of t h e  switches t o  prevent con- 
taminat ing p a r t i c l e s  from e n t e r i n g  t h e  swi t ch ,  and mod i f i ca t ion  
of w i r e  r o u t i n g  c l i p s  on t h e  switch assemblies .  

65 



Switch and upper 
bumper suppor t  

Lower bumper suppor t  

F i g u r e  29,-  FIA Modified Bumper Support 
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Support  b racke t  

Switch p res su re  cup 

t I I 

F igu re  30 .- Switch Support  Assembly 
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One of t h e  switches received f o r  eng inee r ing  e v a l u a t i o n  
tes t s  w a s  v i b r a t e d  a t  100 g through the  frequency range of 20 t o  
2000 cps t o  determine whether t h e  switch would s t and  h ighe r  v i -  
b r a t i o n  l e v e l s  t han  are de f ined  i n  t h e  switch procurement s p e c i -  
f i c a t i o n .  The reason f o r  performing t h i s  test  i s  t h a t  t he  exact 
l e v e l  of v i b r a t i o n  t h a t  t h e  switch w i l l  see i n  s e r v i c e  as mounted 
i n  d e t e c t o r s  might not be known be fo re  switch development t e s t i n g  
w i l l  be completed. Some confidence w a s  d e s i r e d  t h a t  t he  switches 
would s t and  a h ighe r  v i b r a t i o n  l e v e l .  The specimen t e s t e d  passed 
t h i s  t es t  wi th  no c o n t a c t  c h a t t e r  o r  bounce and without  l eak ing .  
A f t e r  t h e  switch des igns  w e r e  l i g h t e n e d ,  they w e r e  r e t e s t e d .  One 
each of t h e  C a r l e t o n  and Servonic switches w e r e  sub jec t ed  t o  t h r e e -  
axis s i n u s o i d a l  v i b r a t i o n  t e s t s  a t  an  input  l e v e l  of 100 g (from 
70 Hz t o  2000 Hz) t o  determine t h e  switch s u r v i v a b i l i t y  a t  high 
v i b r a t i o n  l e v e l s .  Both of t h e  switches survived these  tes ts  and 
e x h i b i t e d  t h e  s a m e  switch p o i n t s  a f t e r  t h e  t e s t  as be fo re .  How- 
e v e r ,  some c o n t a c t  c h a t t e r  occurred du r ing  the  t e s t .  The Servonic 
switch d i sp layed  a g r e a t e r  tendency t o  c h a t t e r  t han  d i d  t h e  Carle- 
t o n  swi t ch .  The switches were d i s s e c t e d  a f t e r  t h e  test  t o  d e t e r -  
mine i f  any phys ica l  damage could be d e t e c t e d .  N o  damage w a s  
noted.  Both vendors made switch mod i f i ca t ions  t o  a l l e v i a t e  t h e  
c o n t a c t  c h a t t e r  problem, These mod i f i ca t ions  helped,  but d i d  no t  
e l i m i n a t e  c h a t t e r .  Subsequently,  du r ing  F l i g h t  Assurance T e s t i n g  
of t he  Car l e ton  and Servonic swi t ches ,  s i n u s o i d a l  v i b r a t i o n ,  random 
v i b r a t i o n ,  and shock t e s t s  were performed. Both switches e x p e r i -  
enced c o n t a c t  c h a t t e r  du r ing  t h e  66 g s i n u s o i d a l  t es t s  and t h e  30 
grms random v i b r a t i o n  tes t s .  Contact t r a n s f e r  t e s t s  were w i t h i n  
s p e c i f i c a t i o n  l i m i t s  a f t e r  t hese  t e s t s .  

Since no damage w a s  i ncu r red  by switch c o n t a c t  c h a t t e r  du r ing  
any of t h e  tes ts ,  and c o n t a c t  c h a t t e r  d i d  n o t  appear t o  be a prob- 
l e m  du r ing  boost phase of a c t u a l  f l i g h t ,  t h e  s p e c i f i c a t i o n  f o r  t h e  
switch w a s  changed. Contact c h a t t e r  w a s  permit ted i n  t e s t  provided 
the  switch showed no change i n  f u n c t i o n a l  o r  e l e c t r i c a l  c h a r a c t e r -  
i s t i c s  a f t e r  c h a t t e r i n g .  

The c o n f i g u r a t i o n  of t h e  f i n a l  switches by Servonics and Carle- 
ton are shown i n  f i g u r e s  31 and 32. 

De tec to r  mount development: The angle-mount des ign  concept 
s e l e c t e d  du r ing  the  PDD phase w a s  maintained through t h e  remainder 
of t h e  program wi th  only minor changes. During t h e  DD phase of 
t h e  program the loads i n  t h e  mount were determined. A n a l y t i c a l  
e v a l u a t i o n  of loads proved q u i t e  d i f f i c u l t .  The NASA s p e c i f i e d  
v i b r a t o r y  and a c o u s t i c  t es t  requirements cover a frequency range 
t h a t  excites t h e  d e t e c t o r  i n  many’resonant v i b r a t i o n  modes. 
e r a l  of t h e s e  modes, i n  t u r n ,  have a d i f f e r e n t  level of i npu t  
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Figure 31.- Pressure Switch (Pressure Side) 



Figure 32.- Pressure Switch (Back S i d e )  
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e x c i t a t i o n  t o  the  d e t e c t o r .  These problems p lus  t h e  f a c t  t h a t ,  
f o r  s i m p l i f y i n g  t h e  a n a l y s i s ,  t h e  d e t e c t o r  must be t r e a t e d  as a 
homogenous s t r u c t u r e  (which it  i s  n o t ) ,  e v e n t u a l l y  l ead  t o  t h e  
abandonment of a n a l y t i c a l  e v a l u a t i o n  of l oads .  Loads e v a l u a t i o n  
w a s  t hen  d i r e c t e d  t o  e m p i r i c a l  approaches.  Mounting ang le s  w e r e  
instrumented wi th  s t r a i n  gages nea r  each at tachment  b o l t ,  and 
t h e  gages c a l i b r a t e d  by a p p l i c a t i o n  of incremental  l oads .  The 
tes t  d e t e c t o r  w a s  t hen  i n s t a l l e d  on t h e  mount a n g l e s  and sub jec t ed  
t o  t h e  JUSA s p e c i f i e d  s i n u s o i d a l  and random v i b r a t i o n  i n p u t s .  The 
s i n u s o i d a l  v i b r a t i o n  proved t o  be t h e  most c r i t i ca l .  The reduced 
d a t a  from t h e s e  tes ts  are shown i n  f i g u r e  33. A number of r e so -  
nan t  modes are apparent  i n  t h e  f i g u r e .  The loads i n  t h e  mount do 
va ry  cons ide rab ly  from one mode t o  the  n e x t ,  as might be expected. 

The loads e v a l u a t i o n  tes t  w a s  performed on t h e  F1A d e t e c t o r  
panel ,  i n  t h e  40x12-in. s i z e  ca t egory ,  and on t h e  E1A d e t e c t o r ,  
i n  t h e  40 x 49-in.  s i z e  ca t egory .  The loads data de r ived  from 
t h e s e  tests were r a t i o e d  mathematically t o  o b t a i n  loads f o r  t h e  
remaining d e t e c t o r s ,  The loads d a t a  used f o r  d e s i g n  of t h e  mount 
ang le s  are shown i n  f i g u r e s  34, 35, and 36. These d a t a  were used 
t o  determine t h e  mount-angle material  gage and t o  determine t h e  
b o l t  spacing f o r  a t t a c h i n g  t h e  d e t e c t o r s  t o  t h e  mounts. 

The f i r s t  approach t o  making t h e  d e t e c t o r  mount des ign  f i n a l  
w a s  t o  minimize t h e  t o t a l  weight o f  a l l  d e t e c t o r  systems as i n -  
s t a l l e d  on t h e  s p a c e c r a f t .  This  r equ i r ed  t r a d e o f f  s t u d i e s  va ry ing  
the  number of f a s t e n e r s  t o  determine the  minimum combined weight 
of t h e  mounts and t h e  f a s t e n e r s .  The r e s u l t s  of t h i s  s tudy  are 
shown i n  t a b l e  10 f o r  t he  l a r g e  40x49-in. d e t e c t o r s .  This  des ign  
approach r e s u l t e d  i n  t h r e e  d i f f e r e n t  material gages of mount ang le s  
being used,  and t h e  t h r e e  d i f f e r e n t  b o l t  spac ings .  Th i s  approach 
w a s  n o t  conducive t o  providing i n t e r c h a n g e a b i l i t y  of d e t e c t o r s  on 
t h e  s p a c e c r a f t .  

The f i n a l  des ign  f o r  mounts f o r  MPDD d e t e c t o r s  w a s  d i r e c t e d  
toward minimum weight c o n s i s t e n t  w i th  i n t e r c h a n g e a b i l i t y .  This  
w a s  based on u s i n g  one gage mount ang le  s u i t a b l e  f o r  a l l  d e t e c t o r s  
i n  a given s i z e  class (40x49 i n ,  o r  40x12 i n . ) ,  bu t  not  providing 
i n t e r c h a n g e a b i l i t y  between d e t e c t o r  s i z e  classes. Again t r a d e o f f  
s t u d i e s  were performed t o  s v a l u a t e  h d l e  spacing r equ i r ed  f o r  d i f -  
f e r e n t  d e t e c t o r s  t o  determine what common b o l t  spac ing  could be 
used. For t h i s  a n a l y s i s ,  8,050-in.  mount ang le s  were used f o r  t h e  
l a r g e  d e t e c t o r s  and 0.025-in. mount ang le s  were used f o r  t h e  small 
d e t e c t o r s ;  both w e r e  of 7075 T6 aluminum a l l o y .  The r e s u l t s  of 
t h i s  s tudy  are shown i n  t a b l e  11. The chosen b o l t  spacing f o r  t h e  
l a r g e  pane l s ,  f o r  example, was 1.20 i n .  a long  t h e  long (49 i n . )  
s i d e  and 1.06 i n .  a long  the s h o r t  (40 i n . )  s i d e .  The mount ang le s  
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F igu re  35.- Design Loads f o r  40 x 49 i n .  Panels  (49-in. Side) 

74 



x )  
N 

75 



d 
*?! 

I 
cn 
4- x 
0 
4- 
v 

E 
H cn w 
R 

IYI 
0 
El 
W w 
E-c w 
R 
w 
2 
E 

1 

0 
rl 

w 

3 E-c 

a 
a, s 
- 

0 co cn 0 u3 
h rl u3 cn 
N N N N N N 

2 h . .  . 

0 0 0 0 N N 
m 4- 4- 4- m m 
0 0 0 0 0 0 

0 0 0 0 0 0 

m m 
N co m cr) rl h 
4- m m m m N 

0 0 0 0 0 0 

0 0 0 0 9 0 

0 u3 co m m ? 
N 0 cn h 2 rl rl 

co 
rl 

76 



n 

8 w 

Pi 
0 
E-1 
U w 
E-1 w cl 

In i n 0  0 0 0 0 0  m 
h l N  LTI m m m m  m N  
o o o * o o o o o o  
0 0 0 0 0 0 0 0 0  



a l l  have t h i s  h o l e  spacing,  The d e t e c t o r ,  on t h e  o the  
b o l t  h o l e  spacing compatible wi th  loads i n  t h e  pa r  
c o n f i g u r a t i o n ,  These h o l e s  line up wi th  eve ry  sec 
t h i r d  h o l e  i n  t h e  d e t e c t o r  mount a n g l e .  The re fo re ,  any d e t e c t o r  
can be used interchangeably wi th  any o t h e r  on t h e  d e t e c t o r  mount. 

A secondary des ign  i t e m  i n  s e l e c t i n g  t h e  f i n a l  mount d e s i g n  
w a s  t h e  des ign  of t h e  f a s t e n e r  a t t a c h i n g  the  d e t e c t o r  t o  t h e  
mount. The loads i n  any given b o l t  are f a i r l y  low. Almost any 
f a s t e n e r  t h a t  could be put i n  t h e  ho le  would c a r r y  t h e  mount load 
(with t h e  excep t ion  of t h e  fou r  hard-point  b o l t s ) .  The c r i t i ca l  
components from a loads c o n s i d e r a t i o n  are t h e  mount ang le s  and 
t h e  d e t e c t o r  itself-. S t u d i e s  w e r e  performed t o  determine t h e  b e s t  
f a s t e n e r  t o  u s e ,  and a l i t e r a t u r e  survey made of e x i s t i n g  f a s t e n e r  
components. The chosen f a s t e n e r  w a s  an aluminum b o l t  w i th  a s e l f -  
l ock ing  s t a i n l e s s  steel  n u t .  An aluminum n u t  would a l s o  have 
s u f f i c e d ,  except  t h a t  an  aluminum n u t  w i th  a s e l f - l o c k i n g  f e a t u r e  
binds and g a l l s  t h e  aluminum b o l t .  C a s t e l l a t e d  n u t s  with c o t t e r  
p ins  were no t  d e s i r a b l e .  NASA s p e c i f i e d  a p re fe rence  no t  t o  use 
any f a s t e n e r  s m a l l e r  than 3/16-in.  because smaller s i z e d  b o l t s  are 
e a s i l y  snapped o f f .  I n s t a l l a t i o n  tests performed on t h e  aluminum 
b o l t s  w i t h  t h e  s t a i n l e s s  s teel  n u t s  showed an  i n s t a l l a t i o n  torque 
of 8.4 i n . / l b  average t o  overcome locking f r i c t i o n  and a t w i s t -  
o f f  torque of 61.6 i n . / l b  average.  Since t h e  n u t s  are t igh tened  
ve ry  l i t t l e  p a s t  f r i c t i o n  to rque  levels t h e  r a t i o  of f r i c t i o n  t o  
snap-off torque i s  s a t i s f a c t o r y .  

De tec to r  d e s i g n  development: De tec to r s  s e l e c t e d  a t  t h e  end 
of t h e  DD phase are de f ined  by drawings i temized i n  Appendix B.  

Manufacturing and T e s t  phase.-  The des ign  of MPDD d e t e c t o r s  
w a s  w e l l  e s t a b l i s h e d  a t  t h e  beginning of t h e  manufacturing and 
test  (M&T) phase. There w a s  a h igh  confidence l e v e l  i n  t h e  a b i l i t y  
of t h e  d e t e c t o r s  t o  s u c c e s s f u l l y  pass q u a l i f i c a t i o n  t e s t i n g .  How- 
e v e r ,  a few problems d i d  occur  du r ing  t h i s  phase t h a t  r equ i r ed  
c o r r e c t i v e  eng inee r ing  a c t i o n .  These are d i scussed  below. 

Servonic  switch d e l e t i o n :  The Servonic Ins t rumen t ' s  p re s su re  
swi t ch  f a i l e d  t o  pass  q u a l i f i c a t i o n  t e s t i n g .  Since t h e  end of 
q u a l i f i c a t i o n  t e s t i n g  of t h e  p re s su re  switches occurred e a r l y  i n  
t h e  M&T phase, both p re s su re  switch designs w e r e  c a r r i e d  forward 
i n t o  t h i s  phase. 
had r e f l e c t e d  " e i t b e r / o r "  c o n f i g u r a t i o n s  p e r m i t t i n g  d e t e c t o r s  t o  
be b u i l t  u s ing  e i t h e r  Car l e ton  o r  Servonic p re s su re  switches.  
A f t e r  f a i l u r e  of t he  Servonic c o n f i g u r a t i o n  t h e  eng inee r ing  draw- 
ings w e r e  r ev i sed  t o  d e l e t e  t h e  d e t e c t o r  c o n f i g u r a t i o n s  us  ing t h i s  
swi t ch .  The Servonic switch des ign  w a s  v e r y  rugged mechanical ly ,  

Up t o  t h i s  p o i n t  in  time eng inee r ing  drawings 
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and w a s  q u i t e  simple and s t r a i g h t f o r w a r d  i n  i t s  design.  I n  
e a r l y  development tests t h e  switch had performed f a i r l y  w e l l .  
The switch mechanical and e lectr ical  c h a r a c t e r i s t i c s  were accep- 
t a b l e .  However, t h e  e lec t r ic  l eads  were c a r r i e d  through t h e  
switch p r e s s u r e  case by hermet i c a l l y - s e a l e d  g l a s s - i n s u l a t e d  feed- 
through connectors .  These hermetic  seals were troublesome and 
leaked on t h e  q u a l i f i c a t i o n  specimen. Discussions wi th  Servonics 
i n d i c a t e d  t h a t  they had received a bad batch of g l a s s  seals. 
Servonic  Instrument ,  Inc .  volunteered t o  r edes ign  t h e  seal s l i g h t -  
l y  and resubmit new switches f o r  q u a l i f i c a t i o n .  This  w a s  done. 
The new swi t ch ,  however , f a i l e d  q u a l i f i c a t i o n  by l eak ing  through 
the  hermetic  seals. 

I n  r edes ign ing  t h e  seals Servonic had en la rged  t h e  case 
s l i g h t l y  making it more d i f f i c u l t  t o  t es t  and t o  i n s t a l l  t han  
t h e  earlier model. The two are shown f o r  comparison i n  f i g u r e  
3 7 .  

Switch mount changes: The ''F" and "B" c o n f i g u r a t i o n  d e t e c t o r  
panels  used fou r  s m a l l  c l i p s  f o r  attachment of t h e  p re s su re  switch 
mounting cup t o  t h e  switch support  b r a c k e t ,  The attachment of 
t h e s e  c l i p s  t o  t h e  p re s su re  switch cup w a s  more of a problem than 
w a s  a n t i c i p a t e d .  I n i t i a l l y ,  the c l i p s  were designed as a n  i n t e -  
g r a l  p a r t  of t h e  switch support  bracket  and w e r e  t o  be soldered 
t o  t h e  switch p res su re  cup a f t e r  s l i d i n g  t h e  cup i n t o  t h e  b racke t  
( r e fe rence  f i g .  1 8 ) .  However, s o l d e r i n g  w a s  ve ry  d i f f i c u l t  t o  
accomplish on 21-6-9 c o r r o s i v e  f l u x .  Corrosion a f t e r  s o l d e r i n g ,  
p lus  t h e  low s t r e n g t h  of s o l d e r  a t  h igh  temperature ,  r e s u l t e d  i n  
dropping t h i s  approach. 

The second des ign  s t i l l  maintained t h e  at tachment  c l i p s  as 
p a r t  of t he  mounting b racke t  but  changed processes  from s o l d e r i n g  
t o  f u s i o n  welding. I n  t h i s  case t h e  poor f i t  of t h e  c l i p s  t o  t h e  
p re s su re  cup a f t e r  p r e s s i n g  i n  the  cup r e s u l t e d  i n  a d i f f i c u l t  
weld wi th  poor access  f o r  welding. The success  r a t i o  of t h e s e  
welds w a s  poor wi th  occas iona l  p re s su re  l eaks  through t h e  weld 
r e s u l t i n g  , 

The f i n a l  des ign  removed the  c l i p s  from t h e  mounting b racke t  
and f a b r i c a t e d  them as s e p a r a t e  p a r t s .  These were then  spotwelded 
on to  t h e  switch p res su re  cup be fo re  welding t h e  p re s su re  switch 
i n t o  t h e  cup. F i n a l l y ,  t h e  cup wi th  t h e  c l i p s  a t t a c h e d  w a s  s l i d  
i n t o  t h e  mounting b racke t  and t h e  c l i p  ears spotwelded on to  t h e  
switch support  b racke t .  The f i n a l  des ign  showing attachment of 
t h e  ears t o  t h e  p re s su re  cup i s  shown i n  f i g u r e  3 8 .  
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I 1  II F c o n f i g u r a t i o n  d e t e c t o r  mod i f i ca t ion :  The FlA d e t e c t o r  
panel  c o n s i s t s  of two d e t e c t o r s ,  each o which have appr  t e l y  . 
1600 s p o t  welds i n  t h e  p re s su re  c a v i t y  ea of t h e  t a r g e  e t .  
I n i t i a l l y ,  t h i s  d e t e c t o r  panel  w a s  designed and f a b r i c a t e d  
one p i e c e ,  w i th  t h e  p re s su re  cavit ies of t h e  two d e t e c t o r s  sepa- 
r a t e d  by a seam weld down t h e  c e n t e r  of t h e  panel .  This  conf ig -  
u r a t i o n  r e p r e s e n t s  t h e  l i g h t e s t  way t o  b u i l d  t h i s  panel ,  bu t  
r e q u i r e s  over 3000 i n d i v i d u a l  s p o t  welds without  producing any 
p o t e n t i a l  l e a k s .  Welding t h e  th ree -p ly  F1A d e t e c t o r  i n  t h e  ma- 
t e r ia l  gage combination of 0.002 t o  0.016 t o  0.002 i n .  i s  q u i t e  
touchy a t  b e s t ,  and s e v e r a l  d e t e c t o r s  w e r e  produced wi th  a few 
f a u l t y  spo t  welds ,  To e l i m i n a t e  scrapping a good d e t e c t o r  h a l f  
because of a f a u l t y  d e t e c t o r  on the  o t h e r  end of t h e  panel ,  t h e  
d e t e c t o r  w a s  r edes igned ,  The present  des ign  cal ls  f o r  f a b r i c a t i n g  
t h e  d e t e c t o r  h a l v e s  as separate subassemblies and then  s p l i c i n g  
t h e s e  subassemblies t o g e t h e r  a f t e r  they have been p res su re  ex- 
panded and l e a k  t e s t e d .  A b u t t  j o i n t  u s i n g  a s p l i c e  s t r a p  on 
e i t h e r  s i d e  is r i v e t e d  t o g e t h e r  w i th  aluminum r i v e t s .  I f  a t  any 
time dur ing  manufacture of f l i g h t  assurance t e s t i n g  a f a i l u r e  
should occur ,  t h e  bad h a l f  can be removed and a good h a l f  r e i n -  
s t a l l e d .  This  des ign  approach has  proved t o  be of value i n  
reducing replacement d e t e c t o r  f a b r i c a t  i on  c o s t .  

Interconnect tube mod i f i ca t ion :  This  b a s i c  des ign  of t h e  
gas t r a n s f e r  i n t e rconnec t  system on t h e  B l A  d e t e c t o r  panel  is  
shown i n  f i g u r e  18. The system used on t h e  FlA bumper panel i s  
i d e n t i c a l  t o  t h e  B1A system. Subsequent t o  d e t e c t o r  assembly and 
during va r ious  phases of l e a k  tes t ,  helium l e a k s  were d e t e c t e d  
i n  some of the  tube-to-switch cup braze j o i n t .  The j o i n t s  showed 
evidence Q E  f a t i g u e  cracking,  e i t h e r  through the  braze metal  o r  
i n  t h e  21-6-9 CRES switch cup material .  F i n a l l y  a B1A panel f i t -  
t i n g  t h a t  a t t a c h e d  t h i s  tube t o  t h e  t a r g e t  m a t e r i a l  f r a c t u r e d  a t  
t h e  j o i n t  during a c o u s t i c  t es t s .  

Examination of t he  v a r i o u s  f a i l u r e s  i n d i c a t e d  t h a t  excess ive  
bending loads were being introduced i n t o  both t h e  panel  f i t t i n g  
j o i n t  and t h e  switch cup j o i n t .  This  c o n d i t i o n  w a s  c r e a t e d  by 
t h e  independent movement of t h e  switch support  assembly re la t ive 
t o  t h e  panel  and t h e  r e s u l t i n g  load i n t e r a c t i o n  a long  t h e  axis 
of t h e  tube ,  This  c o n d i t i o n ,  coupled w i t h  any preloading of 
j o i n t s  caused by misalignment and welding-induced stresses, l ead  
t o  j o i n t  f a i l u r e a ,  Under t h e  combination of t h e s e  adverse f ac -  
t o r s ,  the in t e rconnec t  tube des ign  becomes marginal .  
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Various methods of r e l i e v i n g  t h i s  load w e r e  i n v e s t i g a t e d ,  
w i t h i n  the  c o n s t r a i n t s  of t he  space-ava i lab le  envelope between 
t h e  bumper and the  switch b racke t  of t he  FIA bumper panel .  

A conf igu ra t ion  w a s  s e l e c t e d  and developed as shown i n  f i g -  
u r e  3 9 .  The se rpen t ine  energy-absorbing tube des ign  w a s  based 
on t h e  use of 0.065-in. O.D. x 0.009-in. w a l l  304 CRES tube.  The 
proposed des ign  w a s  dynamically analyzed f o r  t h e  worst  t e s t  con- 
d i t i o n  ( a c o u s t i c s ) ,  loads  were determined, and s t r u c t u r a l  ana lyses  
performed. These ana lyses  showed t h a t  t h e  se rpen t ine  tube des ign  
would withstand the  test  environment. The des ign  w a s  based on 
tube development i n  both four -  and s ix- loop  conf igu ra t ions .  The 
four-loop conf igu ra t ion  w a s  appl ied  t o  a new switch cup assembly 
on a B l A  panel ,  shown i n  f i g u r e  40. (Note t h a t  t he  four- loop 
tube w a s  jo ined  t o  the  base of t h e  cup as an optimized approach 
t o  the  design.)  
work t o  e x i s t i n g  B U  and F1A pane l s ,  shown i n  f i g u r e  41. I n  t h i s  
case  t h e  small tube w a s  interconnected t o  the  e x i s t i n g  tube on 
t h e  top  of t h e  switch cup. 

The s ix- loop  conf igu ra t ion  w a s  a p p l i e d  as a r e -  

The tube s tock  acquired i n  t h e  “as-drawn’’ cond i t ion  was  
vacuum annealed t o  1/2 H cond i t ion  and formed on mandrels. Where 
requi red  f o r  d e t e c t o r  rework, tapered adap te r s  were made t o  pro- 
v ide  a n  i n t e r f e r e n c e  f i t  between the  small se rpen t ine  tube and 
e x i s t i n g  tubes  and f i t t i n g s .  J o i n t s  w e r e  made by c o n t r o l l e d  
braz ing  t o  e l i m i n a t e  braze  o r  f l u x  t r a n s f e r  i n t o  tube openings. 

The des ign  w a s  confirmed through a c o u s t i c  t e s t s  on both 
des ign  a p p l i c a t i o n s .  

Panel f i t t i n g  modi f ica t ion :  The o r i g i n a l  des ign  of t h e  tube 
in te rconnec t  panel  f i t t i n g  i s  shown i n  f i g u r e  42(a) .  The des ign  
w a s  p red ica ted  on a r e s i s t a n c e  r i n g  weld c a p a b i l i t y  developed 
du r ing  t h e  pre l iminary  des ign  phase of t h e  program f o r  a p p l i c a t i o n  
t o  BLA and FIA panels .  The b a r r e l  of t he  f i t t i n g  w a s  counterbored 
t o  r ece ive  t h e  tube ,  wi th  a n  o r i f i c e  exposed t o  t h e  panel  pressure  
c a v i t y .  The base of t h e  f i t t i n g  w a s  designed t o  accommodate a 
3/8 in . -diameter  r i n g  weld and fou r  spo t  welds a t  each co rne r  t o  
r e t a i n  spo t  weld spac ing  c o n t i n u i t y  i n  t h e  panel .  

The f i t t i n g  was  d i f f i c u l t  t o  manufacture because t h e  l a r g e  
base f lexed  i n  machining, r e s u l t i n g  i n  excess ive  v a r i a t i o n  i n  
th i ckness  a c r o s s  the  area. This  v a r i a t i o n  produced errat ic  re- 
s i s t a n c e  spo t  weld q u a l i t y .  Furthermore, t h e  pressure  and h e a t  
involved i n  t h e  r i n g  welding process  forced t h e  corners  away from 
t h e  panel  t a r g e t  material c r e a t i n g  r e s i d u a l  stresses i n  t h e  p a r t  
when spo t  welded. 
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Figure 39  .- Serpentine Pressure Tube 

Figure 40. - Four-Loop Serpentine Pressure Tube 
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Figure 41.- Six-Loop Serpentine Reworked Configuration 

Figure 42.- Panel Fitting Modification 
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A replacement des ign  w a s  c r e a t e d  wi th  t h e  f i t t i n g  base 
reduced i n  area t o  accommodate t h e  r i n g  weld on ly ,  as shown i n  
f i g u r e  42(b) .  This  des ign  permit ted b e t t e r  access t o  t h e  r i n g  
weld f o r  i n s p e c t i o n  and l e a k  t e s t i n g .  A s e p a r a t e  doubler  was 
c r e a t e d  from f i x e d  th i ckness  21-6-9 C m S  s h e e t  t o  c i rcumscribe 
t h e  f i t t i n g  base and t o  p i ck  up t h e  r equ i r ed  spo t  welds. The 
f i t t i n g - d o u b l e r  d e t a i l s  are shown i n s t a l l e d  on a t y p i c a l  panel 
i n  f i g u r e  42 (c) . 

This  des ign  has  shown t h a t  good f l a t n e s s  t o l e r a n c e s  can be 
achieved and maintained , r e s u l t i n g  i n  g r e a t l y  improved r e s i s t a n c e  
s p o t  welding c o n t r o l .  

Design Support S tud ie s  

Detector  material  s e l e c t i o n  s t u d i e s . -  The MPDD program des ig -  
nated t h e  use of s t a i n l e s s  steel  f o r  t h e  d e t e c t o r  t a r g e t  test 
material. The materials considered f o r  use on MPDD were r equ i r ed  
t o  be r e a d i l y  formable, weldable ,  have good c o r r o s i o n  r e s i s t a n c e ,  
be a v a i l a b l e  i n  f o i l  t h i c k n e s s e s ,  and be amenable t o  s u r f a c e  
t r ea tmen t  capable  o f  producing s p e c i f i e d  a b s o r p t i v i t y  and e m i s -  
s i v i t y  v a l u e s .  

Various 300 series s t a i n l e s s  steel  a l l o y s  were i n v e s t i g a t e d  

These a l l o y s  included Types 301, 302, 304, and 321 i n  t h e  
and used f o r  Mart in  Marietta-sponsored meteoroid d e t e c t o r  develop- 
ment. 
annealed and work-hardened cond i t ion .  Tests on specimens b u i l t  
under t h i s  e a r l y  development program r e s u l t e d  i n  t h e  s e l e c t i o n  of 
t h e  annealed c o n d i t i o n  f o r  a l l  of t h e s e  steels because of t h e  
marked r e s i s t a n c e  t o  f a t i g u e  under c y c l i c  loading.  From t h i s  
group of s teels ,  Type 304L w a s  s e l e c t e d  as a cand ida te  f o r  use i n  
t h e  Prel iminary Design and Development Phase because of i t s  lower 
percentage of c a r b i d e  p r e c i p i t a t e s ,  good welding p r o p e r t i e s ,  h igh  
c o r r o s i o n  resistance, and a v a i l a b i l i t y  i n  the v a r i o u s  s h e e t  and 
f o i l  t h i cknesses  r e q u i r e d  f o r  t h e  program. This  steel  w a s  ac- 
qu i r ed  under S p e c i f i c a t i o n  QQ-S-766C f o r  f a b r i c a t i o n  and tes t  of 
d e t e c t o r  subs i ze  test  hardware. 

Unfo r tuna te ly  t h e  f i r s t  shipment of 304L steel  w a s  m e t a l l u r -  
g i c a l l y  d i r t y ,  r e v e a l i n g  t h e  presence of excess ive  s u l f i d e  in -  
c l u s i o n s  ( s t r i n g e r s ) ,  A m e t a l l u r g i  1 e v a l u a t i o n  of t h e  material 
confirmed t h a t  s t r i n g e r s  t r ansve r sed  t h e  th i ckness  of t h e  s h e e t s  
and f o i l .  Though t h e  material conformed t o  t h e  c l e a n l i n e s s  
requirements of S p e c i f i c a t i o n  QQ-S-766C, it w a s  determined t h a t  
t h i s  c o n d i t i o n  could impair r e s i s t a n c e  weld r e p e a t a b i l i t y  and 
create t h e  p o s s i b i l i t y  of helium leakage i n  d e t e c t o r  pane l s ,  
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p a r t i c u l a r l y  i n  t h e  th inne r  (0.002 i n . )  gages.  It w a s  a l s o  
determined t h a t  it would be d i f f i c u l t  and uneconomical t o  seg- 
r e g a t e  3042 r o l l i n g  s tock  t o  produce f o i l  t h i ckness  wi th  t h e  
d e s i r e d  mic ros t ruc tu re .  

A t  t h i s  t ime,  it w a s  a l s o  determined t h a t  304L annealed 
material d i d  not  have a high enough guaranteed y i e l d  s t r e n g t h  t o  
m e e t  t h e  c o n t r a c t  des ign  requirements f o r  t h e  c y l i n d r i c a l  d e t e c t o r ,  
Conf igura t ion  "A". U s e  of r o l l  hardened s tee1 was imprac t i ca l  
because furnace braz ing  (one of the  candida te  j o i n i n g  processes)  
would tend t o  annea l  t h e - m a t e r i a l  t o  t h e  lower s t r e n g t h .  

With indus t ry  a s s i s t a n c e ,  s t a i n l e s s  s t e e l s  were reviewed t o  
determine a s u i t a b l e  replacement f o r  t he  3042. Armco s t a i n l e s s  
steel ,  21-6-9 w a s  s e l e c t e d  from t h i s  review, as t h e  candida te  
material. It had good c l e a n l i n e s s  (freedom from s t r i n g e r s )  , 
workab i l i t y ,  and high s t r e n g t h  i n  t he  annealed cond i t ion .  B e -  
cause t h e r e  w e r e  no government o r  i ndus t ry  s p e c i f i c a t i o n s  i n  
e x i s t e n c e  t o  cover t h i s  material, a workable s p e c i f i c a t i o n  was 
nego t i a t ed  wi th  the  s u p p l i e r ,  i d e n t i f i e d  as Mart in  Marietta 
Corporat ion Material S p e c i f i c a t i o n  STM 1216. 
i n  a d d i t i o n  t o  c o n s t r a i n t s  on inc lus ions  and i n t e r g r a n u l a r  cor -  
ro s ion  producing p r e c i p i t a t e d  c a r b i d e s ,  e s t a b l i s h e d  the  fol lowing 
m i n i m u m  mechanical p r o p e r t i e s  f o r  t h e  annealed condi t ion :  

The s p e c i f i c a t i o n ,  

- 

C ond it ion  

A (annealed) 

cond i t ion  (minimum) 

AS - 100 000 
rece ived  

Percent  e longa t  ion i n  I 2 i n .  (minimum) 

F p s i  a t  

0.2% o f f s e t  
t Y '  

The material w a s  acqui red  i n  th i cknesses  of 0.001, 0.002, 
0.008, 0.016, 0,020, 0,027, and 0.042 in . ,  and t e s t e d  and evalu-  
a t e d  t o  determine i t s  c h a r a c t e r i s t i c s .  The s t r e n g t h  resul ts  of 
t h i s  e v a l u a t i o n  are shown i n  t h e  fol lowing t a b u l a t i o n .  
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Thickness ,  T e n s i l e  u l t i m a t e ,  T e n s i l e  y i e l d ,  0.2% Elongat ion 
o f f s e t ,  p s i  i n  2 i n . ,  '2 in. p s i  

.042 112 400 

,027 114 300 

.020 116 000 

.016 115 600 

.008 123 400 

.002 119 000 

.001 118 300 

64 300 

68 200 

69 300 

6 9  800 

77 300 

68 500 

75 400 

43.5 

43.5 

43.5 

42.5 

41.5 

32.5 

22.0 

Shear and t e n s i l e  tes ts  conducted on r e s i s t a n c e  spo t  and 
s e a m  welded specimens showed good nugget formation and p e n e t r a t i o n  
comparable t o  nuggets formed i n  304L. These tests a l s o  showed a 
v e r y  h igh  degree of weld r e p e a t a b i l i t y  from s h e e t  t o  s h e e t  i n  a l l  
t h i ckness  ranges used i n  t h e  program. The material w a s  found t o  
be adap tab le  t o  f u s i o n  welding, i nc lud ing  h e l i - a r c ,  t ungs t en  i n e r t  
gas ,  and gas welding. The mater ia l  w a s  a l s o  found t o  be compati- 
b l e  w i t h  t h e  300 series s t a i n l e s s  steels i n  j o i n i n g  by welding. 

The a l l o y  demonstrated good b raz ing  c h a r a c t e r i s t i c s .  Various 
b r a z i n g  p rocesses ,  i nc lud ing  vacuum fu rnace ,  hydrogen blanketed 
furnace,  and f l u x  t o r c h  b raz ing  w e r e  app l i ed  t o  t h e  material. Com- 
p a r a t i v e  t e s t s  between Type 304 CRES and 21-6-9 CRES showed t h a t  
t h e  b raze  w e t t i n g  a n g l e  i n  t h e  l a t t e r  w a s  increased by approxi-  
mately 7%.  

The material as f a b r i c a t e d  i n  t es t  specimens demonstrated a 
h i g h e r  degree of r e s i s t a n c e  t o  f a t i g u e  than  comparable specimens 
f a b r i c a t e d  from Type 304L. During t h e  Mart in  Marietta-sponsored 
advanced development of r e s i s t a n c e  welded f l a t  d e t e c t o r s ,  f a t i g u e  
f a i l u r e  occurred i n  t h e  Type 304 series material a d j a c e n t  t o  t h e  
s p o t  welds when sub jec t ed  t o  t h e  v i b r a t i o n  and a c o u s t i c  environ-  
ments. I n  comparable t es t s  w i t h  similar d e s i g n s ,  t h e  21-6-9 a l l o y  
remained f r e e  from f a t i g u e  f a i l u r e s .  

This  material w a s  acqu i r ed  f o r  and used i n  t h e  f a b r i c a t i o n  
of a l l  r ev i sed  subs i ze  test  specimens and development of f u l l -  
s i z e  d e t e c t o r  hardware. I n s p e c t i o n  and tests of t h e  received 
material showed compliance w i t h  t h e  s p e c i f i c a t i o n .  
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low leakage so t h a t  t h e  i n t e r n a l  p re s s  

internal-volume d e t e c t o r ,  had an i n t e r n a l  volume of 6.2 cu i n .  
Knowing t h i s  volume, s t u d i e s  w e r e  performed t o  determine t h  
a l lowable  gas leakage rate, and what gas o r  gases  should be 
i n  t h e  d e t e c t o r .  Ca lcu la t ions  f o r  a l lowable  leakage rate were 
based on t h e  fol lowing:  

1) It w a s  assumed t h a t  t h e  pressure  switch would t r i p  a t  
t h e  upper l i m i t  of t he  p re s su re  switch t r i p  to l e rance  
(6 .0  I + 2.5 p s i g ) ,  o r  8.5 p s i ;  

2) The amount of p r e s s u r i z a t i o n  gas t h a t  could be permit ted 
t o  be l o s t  i n  100 yea r s  would permit  t h e  i n t e r n a l  pres -  
s u r e  to- decay from t h e  normal pressure  a t  -250°F (10.7 
ps ia )  down t o  switch t r i p  pressure  of 8.5 p s i .  

This  leakage gas volume is: 

10.7 - 8.5 p s i  3 3 v =  x 6.2 i n .  x 16 .4  c c / i n .  = e 10.7 p s i  

21  cc  a t  -250°F and 10.7 p s i  

Corrected t o  s tandard  cond i t ions  t h i s  volume becomes: 

460 + 60°F - ' x  ' O o 7  psi = 38 cc 
460 - 250°F 14.7 p s i  v = 2 1 x  e 

Allowable leakage rate is determined t o  be 38 cc pe r  100 

y e a r s ,  o r  1.2 x 1 

d ,  i t  w a s  d e s i r e d  
p r e s s u r i z a t i o n  of 

t w a s  d e s i r e d  t h a t  t h e  s e l e c t e d  gas be r e a d i l y  MPDD d e t e c t o r  
d e t e c t a b l e  and measurable f o r  l e a k  d e t e c t i o n ,  and t h a t  it be a 
slow leaking  gas f o r  pressure  r e t e n t i o n .  Analyses were performed 
us ing  t h e  Poi  i l l e  and Knudsen equat ions  f o r  flow rate d e t e r -  
minat ion and responding ho le  s i z e  c o r r e l a t i o n .  I f  a l eak  pa th  
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does develop l a r g e  enough t o  permit f r e e  molecular  flow of t h e  
gas ,  t h e  flow rate can be t h e o r e t i c a l l y  c a l c u l a t e d  from P o i s e u i l l e  ' s 
equa t ion :  

- 
P AP 

4 
r t a  
8 tlL P Q =  

Where : 

3 Q = volume flow rate ,  c m  /sec, 

a = c a p i l l a r y  r a d i u s ,  cm,  

q = c o e f f i c i e n t  of v i s c o s i t y ,  p o i s e ,  

L = c a p i l l a r y  l e n g t h ,  c m ,  

P = pres su re  drop a c r o s s  c a p i l l a r y  l e n g t h ,  

- 2 
P = mean p res su re  a c r o s s  the  c a p i l l a r y ,  dynes/cm , 

P = pres su re  a t  t h e  c a p i l l a r y  i n l e t ,  dynes/cm 

dynes /crn2, 

2 

Q =  k 4 / 3 - , , / -  ($--(+) 

where : 

7 
R = u n i v e r s a l  gas c o n s t a n t ,  8 .31 x 10 ergs/mole/'K, 

T = temperature ,  OK,  

M = molecular  weight ,  

E = c o n s t a n t  (Adzurni cons t an t )  = 0.66. 

Computations us ing  equa t ions  (1) and (2) r e s u l t  i n  ho le  
s i z e s  as fol lows f o r  t h e  d e t e c t o r  t o  l e a k  down t o  switch t r i p  
p re s su re  i n  100 yea r s :  
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-0 
Equation 1 = 1750 A r a d i u s ;  

0 
Equation 2 - 856 A r a d i u s ;  

Comparing helium, argon , hydrogen, n i t r o g e n  , and oxygen 
g a s e s ,  it can  be shown t h a t  molecular d i ame te r s  of a l l  t h e s e  

gases  l i e  between 2.34 A and 3.15 A,  a l l  of which are small 
compared t o  t h e  al lowable leakage h o l e  d i ame te r ,  Likewise , t h e  
v i s c o s i t y  of a l l  t h e s e  gases  lies between 0.00874 and 0.02217 
c e n t i p o i s e s .  Re fe r r ing  t o  equa t ions  (1) and ‘(2) it can be seen 
t h a t  l i t t l e  i s  gained i n  us ing  a heavy gas o r  a mixture  of gases 
f o r  t h e  p r e s s u r i z a t i o n  medium. It w a s  concluded t h a t  t h e  b e s t  
cho ice  f o r  t h e  p r e s s u r i z i n g  media i s  100% helium, s i n c e  t h i s  
gas provides t h e  b e s t  l e a k  d e t e c t i o n  c a p a b i l i t y .  A more d e t a i l e d  
r e p o r t  o f  p r e s s u r i z a t i o n  gas s e l e c t i o n  is presented i n  r e fe rence  3 .  

0 0 

The p r e s e n t  p r e s s u r i z a t i o n  procedure f o r  MPDD d e t e c t o r s  
r e q u i r e s  purging of t he  i n t e r i o r  of t h e  d e t e c t o r s  of unwanted 
gases  be fo re  f i n a l  helium f i l l i n g .  This  was accomplished as 
fol lows : 

1) Pump down t h e  i n t e r i o r  of the d e t e c t o r  t o  a vacuum of 
one t o r r  t o  remove unwanted gases  and/or  moi s tu re ;  

2 )  Repressurize t h e  i n t e r i o r  of t h e  d e t e c t o r  w i t h  helium 
t o  a level of 20 p s i a ;  

3 )  Repeat t h e  pumpdown of 1) above; 

4 )  P r e s s u r i z e  t o  the  f i n a l  p re s su re  l e v e l  (27.4 p s i a )  w i th  
helium and seal the  d e t e c t o r .  

This  procedure should produce a hel ium f i l l  which is 99.999% 
helium f i l l  gas ,  a l e v e l  which is  b e t t e r  t han  t h e  p u r i t y  level 
of procured gas i t s e l f .  

De tec to r  p r e s s u r i z a t i o n  l e v e l . -  So t h a t  t h e  MPDD d e t e c t o r s  
are a b l e  t o  ma in ta in  p re s su re  i n t e g r i t y  f o r  several y e a r s  of 
space f l i g h t ,  it is d e s i r a b l e  t o  keep t h e  stress level of t h e  
meteoroid d e t e c t o r s  as low as practical. For n e a r - e a r t h  o r b i t  
a p p l i c a t i o n s  t h e  d e t e c t o r s  may experience as many as 20 000 t h e r -  
mal c y c l e s  as the  s p a c e c r a f t  goes from t h e  s u n l i t  s i d e  of t h e  
e a r t h  t o  t h e  d a r k  s i d e .  The d e t e c t o r s  may experience temperature 
extremes as g r e a t  as +325OF t o  - lOO°F dur ing  t h e s e  c y c l e s ,  re- 
s u l t i n g  i n  c y c l i c a l  i n t e r n a l  p re s su res  and corresponding m e t a l  
f a t i g u e  stresses. The approach taken t o  minimize t h e s e  f a t i g u e  



stresses i s  t o  keep t h e  d e t e c t o r  i n t e r n a l  p re s su re  as l o w  as is  
p r a c t i c a l  . 

The p r e s s u r i z a t i o n  l e v e l  of t h e  d e t e c t o r s  i s  based on main- 
t a i n i n g  a p res su re  l e v e l  j u s t  s l i g h t l y  above t h e  d e t e c t o r  p re s su re  
switch t r i p  l eve1 ,wh i l e  t h e  s p a c e c r a f t  is on t h e  launch pad be fo re  
launch. The i n t e r n a l  p re s su re  l e v e l  i s  based on t h e  fol lowing 
assumptions : 

1) Switch may t r i p  a t  maximum t o l e r a n c e  of p re s su re  t r i p p i n g  
range (8.5 ps i g  max) ; 

2 )  Detec to r  switch may no t  be permit ted t o  t r i p  on t h e  
launch pad; 

3 )  Ambient sea l e v e l  p re s su re  may rise as high as 15.0 p s i  
(bar met r i c  ) ; 

4 )  

The r equ i r ed  d e t e c t o r  charge p res su re  then  becomes (at 75OF): 

Ambient temperature  may drop as low as O O F .  

459.7 + 75 '~  = 27.3 psia 
459.7 + O O F  

Pc = (15.0 + 8.5 p s i )  x 

t o  m e e t  t h e  above assumptions.  

Ac tua l  charge p res su re  used on the  MPDD program f o r  d e l i v e r a b l e  
hardware w a s  27.4 + 0.1 p s i a  a t  700 2 50F. 
nea r -ea r th  o r b i t  t hen  become : 

F l i g h t  p re s su res  f o r  

Maximum p res su re  a t  325OF = 

459*7  325 = 41.1 psis. 
459.7 + 65 

P = 27.5 x 
maX 

Minimum pres su re  a t  -1OOOF = 

4 5 9 * 7  - loo = 18.3 psis, 459.7 + 75 = 27.3 x K i n  
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F l i g h t  p re s su res  f o r  i n t e r p l a n e t a r y  missions become: 

Maximum pres su re  a t  +350°F = 

= 42.4 p s i a .  459.7 + 350 
459.7 + 65 P = 27.5 x max 

Minimum pres su re  a t  -250°F = 

= 10.7 p s i a .  459.7 - 250°F 
459.7 4- 75 

= 27.3 x 'm i n  

Engineering Design Support Tests 

A number of des ign -eva lua t ion  tes ts  were performed i n  sup- 
p o r t  of MPDD eng inee r ing  des ign .  These t es t s  were performed t o  
develop des ign  d a t a  f o r  u se  i n  des ign  of f u l l  s i z e  d e t e c t o r s .  
Several of t h e  tests are descr ibed h e r e i n .  

Dual d e t e c t o r  puncture s imula t ion  tes t . -  The d u a l  d e t e c t o r s  
designed f o r  t h e  MPDD program cons i s t ed  of back-to-back p res su re  
c a v i t i e s  with a common s e p a r a t o r  w a l l  between them. The common 
w a l l  i n  a l l  cases c o n s i s t e d  of a f l a t  s h e e t  supported,  f o r  p re s -  
s u r e  loads ,  by t h e  c a v i t y  c e l l  j o i n t s .  A s  long as t h e  d e t e c t o r s  
have p res su re  on both s i d e s  of t he  common w a l l ,  t h e  w a l l  remains 
i n  the  c e n t e r  of t h e  two cavities.  However, i f  one s i d e  becomes 
punctured by a meteoroid,  t han  the  s e p a r a t o r  w a l l  i s  exposed t o  
t h e  f u l l  p re s su re  of t he  unpunctured d e t e c t o r .  A simple t es t  
w a s  devised t o  determine i f  t h e  s e p a r a t o r  w a l l  would d e f l e c t  
enough t o  a f f e c t  t h e  p re s su re  i n  t h e  unpunctured d e t e c t o r .  The 
tes t  s e t u p  is shown i n  f i g u r e  43. For t h i s  t e s t  a small subs i ze  
d e t e c t o r  t e s t  specimen w a s  used. A mercury manometer and s u i t -  
a b l e  v a l v e s  f o r  p r e s s u r i z i n g  and d e p r e s s u r i z i n g  t h e  d e t e c t o r  w a s  
a t t a c h e d  t o  each p res su re  c a v i t y  as shown. The tes t  w a s  per-  
formed t o  s imula t e  t h e  case of i n t e r p l a n e t a r y  f l i g h t  a t  -2500F. 
For t h i s  case t h e  d e t e c t o r  i n t e r n a l  p re s su re  would be a t  approxi-  
mately 10.7 p s i ,  only 2.2 p s i  from t h e  maximum switch t r i p  p re s -  
s u r e  of 8.5 p s i .  The test  r e s u l t s  i n d i c a t e d  t h a t  a f t e r  p re s su r -  
i z i n g  both s i d e s  t o  10.7 p s i  and s imula t ing  puncture (vent ing)  
of one s i d e ,  t h e  p re s su re  dropped less than  10% (less than  1 p s i )  
i n  t h e  p re s su r i zed  s i d e .  This  test w a s  r epea ted  on t h r e e  con- 
f i g u r a t i o n s  wi th  s i m i l a r  r e s u l t s .  It w a s  concluded t h a t  no 
problem exis ts  i n  s e p a r a t o r  w a l l  d e f l e c t i o n .  
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S t i f f n e s s  e v a l u a t i o n  tests.-  During t h e  e a r l y  development 
of MPDD d e t e c t o r s  ques t ions  a r o s e  as t o  t h e  m e r i t s  of s t i f f n e s s  
i n  d e t e c t o r  des ign .  There w a s  concern as t o  whether s t i f f n e s s  
i n  d e t e c t o r s  had m e r i t  i n  a s s i s t i n g  d e t e c t o r s  t o  su rv ive  t h e  
boost phase environment of f l i g h t  ( v i b r a t i o n  and a c o u s t i c ) ,  Also 
a second q u e s t i o n  w a s  r a i s e d .  I f  s t i f f n e s s  d i d  i n  f a c t  have m e r i t ,  
what w a s  t h e  b e s t  d e t e c t o r  c a v i t y  design t o  achieve maximum s t i f f -  
n e s s ,  To answer both of t h e s e  ques t ions  a test  program w a s  i n i -  
t i a t e d .  This  program eva lua ted  re la t ive s t i f f n e s s  p o t e n t i a l  of 
v a r i o u s  d e t e c t o r  c o n f i g u r a t i o n s  and t h e  e x t e n t  t o  which t h e  s t i f f -  
nes s  can be v a r i e d  i n  a given des ign  by va ry ing  p i l l ow h e i g h t .  
The e v a l u a t i o n  w a s  accomplished by f a b r i c a t i n g  small 18 i n  square 
specimens i n  the. d e s i r e d  des igns  us ing  spo t  welded f i e l d  j o i n t s  
and seam welded edges and v i b r a t i n g  t h e s e  specimens t o  determine 
t h e  fundamental resonant  frequency of each specimen. The r e l a t i v e  
s t i f f n e s s  w a s  determined from the  resonant  frequency. 

The specimens used f o r  t h e  tes t  comparison were a l l  o f  0.016 
i n .  gage 21-6-9 s t ee l  and of designs as fol lows:  

A square a r r a y  specimen having a spo t  spacing of 1.44 
i n .  (XC1-06) ; 

Same as 1) except  f o r  2.88 i n .  spacing (XC1-07) ;  

A hexagonal c e l l  array having one spo t  weld a t  each 
co rne r  and having a dimension a c r o s s  the  f l a t s  of t he  
hexagon of 1 .75 in. (XC1-09) ; 

Same as 3) except  f o r  a dimension of 3.48 i n .  a c r o s s  
t h e  f l a t s  (XCl-08); 

A hexagonal c e l l  a r r a y  having s ix  spo t  welds pe r  s i d e  
( inc lud ing  co rne r  j o i n t s )  and a dimension of 3.48 i n .  
a c r o s s  t h e  f l a t s  of t he  hexagon (XCl-05). 

The tes t  w a s  conducted by mounting t h e  specimen under eva lu -  
a t i o n  t o  t h e  v i b r a t i o n  f i x t u r e ,  pressure-expanding the  specimen 
t o  a s m a l l  p i l l ow h e i g h t ,  and then v i b r a t i n g  t h e  specimen. The 
frequency w a s  swept slowly u n t i l  t he  f i r s t  mode resonance w a s  
determined. The resonant  frequency and t h e  p i l l ow h e i g h t  c o r r e -  
sponding t o  t h a t  frequeney w a s  noted.  Th i s  test  w a s  then r epea ted ,  
expanding t h e  specimen t o  d i f f e r e n t  i n c r e a s i n g  p i l l ow h e i g h t s .  
The resu l t s  of t h e  v a r i o u s  specimens t e s t e d  are shown i n  f i g u r e  
44 and t a b u l a t e d  i n  t a b l e  12. The e f f e c t i v e  th i ckness  of t he  
specimens as shown i n  f i g u r e  44 and t a b l e  12 is  der ived from 
MacDuff and F e l g a r  dcsFgn nomographs. The e f f e c t i v e  th i ckness  
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TABLE 12.- DATA TABULATION, 
SINUSOIDAL VIBRATION TESTS OF FIVE 18x18-in. PANEL COWIGURATIONS 

in. 

Test 1, Panel XC1-06, SIN 01, 1.44-in., sq 

39 2 10 6.2 29.55 5 0.068 0.035 
55 210 10.0 47.6 19 0.1035 0.044 
99 210 8.6 41.0 55 0.149 0.065 
118 2 10 8.6 41.0 70 0.1655 0.073 
136 210 7.7 36.65 85 0.1825 0.080 

TGst 2, Panel XCl-07, SIN 01, 2.88-in., sq 
(washerlrive ts) 

77 210 4.5 21.4 5 0.1535 0.054 
110 210 5.8 27.6 12.25 0.1965 0.070 
124 2 10 6.1 29.0 18 0.2295 0.077 
135 2 10 6.25 29.8 22 0.252 0.080 
145 2 10 6.8 32.4 26 0.281 0.085 
157 210 6.8 32.4 32 0.3195 0.089 
166 210 7 .O 33.4 38 0.360 0.092 

Test 3, Panel XC1-05, SIN 01, 3.48-in., hex 

64 2 10 4.7 22.4 20 0.1725 0.049 

88 2 10 6.8 32.4 30 0.199 0.060 

96 210 7.4 35.2 38 0.218 0.064 

105 2 10 7.6 36.2 50 0.244 0.067 

111 210 7.4 35.2 60 0.2625 0.0695 
120 2 10 7.8 37.2 75 0.2985 0.073 
133 210 8.0 38.1 90 0.325 0.978 

142 210 8.7 41.5 105 0.356 0.081 

Test 4, Panel XCl-08, S/N 01, 3.48-in. hex (1 spot per corner) 

50 210 4.7 22.4 5 0.151 0.0455 

81 2 10 7.0 33.3 15 0.231 0.0565 

97 2 10 7.5 35.7 25 0.299 0.064 

114 210 5.2 24.8 35 0.374 0.0705 

Test 5, Panel XC1-09, S/N 01, 1.75-in. hex (I spot per corner) 

59 2 10 6.8 32.4 15 0.071 0.046 

64 2 10 6.2 29.5 30 0.0955 0.0485 

71 210 6.6 31.4 45 0.114 0.052 

81 210 7.5 35.7 60 0.1325 0.0565 

88 2 10 6.8 32.4 75 0.1515 0.060 

94 2 10 6.4 30.5’ 90 0.170 0.062 

103 210 6.9 32.8 106 0,189 0.066 
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i s  t h e  equ iva len t  t h i ckness  of a s y n t h e t i c  s o l i d  p l a t e  having 
t h e  same mass as t h a t  of t h e  two 0.016 i n . - t h i c k  s tee l  t a r g e t  
s h e e t s  t h a t  would v i b r a t e  a t  t h e  same fundamental frequency as 
t h e  a c t u a l  d e t e c t o r  under tes t .  A p l o t  de r ived  from MacDuff 
and Felgar  nomographs i s  shown i n  f i g u r e  45 f o r  18x18 i n .  square 
p l a t e s .  From t h i s  f i g u r e  the  e f f e c t i v e  th i ckness  of t he  specimen 
f o r  s t i f f n e s s  comparisons were de r ived .  

It can be seen  from f i g u r e  44 t h a t ,  f o r  a given p i l l ow 
h e i g h t ,  t he  s m a l l  square a r r a y  i s  s t i f f e r  t han  the  l a r g e  square,  
t he  s m a l l  hexagon a r r a y  i s  s t i f f e r  t han  t h e  l a r g e  hexagon, and 
square a r r a y s  are s t i f f e r  t han  hexagonal a r r a y s .  

The d a t a  shown i n  f i g u r e  44 are f o r  specimens t h a t  were 
v i b r a t e d  wh i l e  c o n t a i n i n g  t h e  p re s su re  r equ i r ed  t o  e s t a b l i s h  the  
pressure-expanded p i l l ow h e i g h t .  To determine i f  p re s su re  con- 
t r i b u t e s  t o  s t i f f n e s s ,  t h e  same t e s t  was repeated wi th  i d e n t i c a l  
specimens. This  w a s  accomplished by expanding the  specimens t o  
d i f f e r e n t  p i l l ow h e i g h t s  , backing o f f  on the  i n t e r n a l  p re s su re  
t o  12 p s i g  a f t e r  each expansion, and v i b r a t i n g  the specimens t o  
a g a i n  determine t h e  fundamental frequency. Figure 46 i s  t y p i c a l  
of t h e  r e s u l t s  of t h i s  t e s t i n g .  The p i l l ow he igh t  i s  t h a t  meas- 
ured a t  12 p s i g  a f t e r  expanding a t  h ighe r  p r e s s u r e s .  These d a t a  
do not  produce t h e  srnaoth curves of t h e  f i r s t  p a r t  of t he  t e s t ,  
but  do show the  same t r e n d s .  S t i f f n e s s  inc reases  with p i l l ow 
h e i g h t  . 

A s  a r e s u l t  of t h e  tests descr ibed above, it was e s t a b l i s h e d  
t h a t  d e t e c t o r  s t i f f n e s s  does inc rease  wi th  i n c r e a s i n g  p i l l o w  
he igh t  f o r  a given c e l l  s i z e  and shape. It w a s  d e s i r e d  a t  t h i s  
po in t  t o  a c q u i r e  d a t a  qu ick ly  t h a t  would i n d i c a t e  how s t i f f n e s s  
of a d e t e c t o r  a f f e c t e d  loads i n  the  d e t e c t o r  i t s e l f  and i t s  mount, 
De tec to r  E l A  (40x49 i n .  8.042 m i l )  having a "C" channel p e r i p h e r a l  
support  had been p rev ious ly  v i b r a t i o n  t e s t e d  wi th  a s u b s t a n t i a l  
amount of s t r a i n  gaging, These t e s t  d a t a  y i e l d e d  cons ide rab le  
stress information on t h e  d e t e c t o r  and on the mount. It w a s  de- 
cided t o  expand t h i s  specimen t o  a h i g h e r  p i l l ow he igh t  and v i b r a -  
t i o n  test it aga in .  This  w a s  done. The s t i f f n e s s  e f f e c t i v e  
t h i c k n e s s  of t h e  d e t e c t o r  w a s  2.62 f o r  t h e  f i r s t  v i b r a t i o n  tes t  
and 3.57 f o r  t h e  second t e s t  as shown i n  f i g u r e  47 .  The t e s t  
r e s u l t s  shawed t h a t  t he  bending moment i n  t h e  "C" channel between 
mounting b o l t s  i nc reased  w i t h  increased d e t e c t o r  s t i f f n e s s .  The 
bending moment increased from approximately 5700 p s i  a t  lower 
d e t e c t o r  s t i f f n e s s  t o  8590 p s i  a t  h ighe r  d e t e c t o r  s t i f f n e s s .  The 
load i n  t h e  "C" channel. a t  t h e  attachment b o l t s  increased co r re -  
spondingly from 27 000 p s i  t o  67. 000 p s i .  
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Figure 46.- Stiffness (Effective Thickness) vs Pillow Height 
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Figure  47.- E f f e c t i v e  Panel Thickness vs Panel Frequency 
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The d e t e c t o r  i t s e l f  underwent stress changes as follows as 
a r e s u l t  of i nc reased  s t i f f n e s s :  

1) Stresses i n  t h e  c e n t e r  of t h e  d e t e c t o r  increased from 
10 000 p s i  t o  14 000; 

2) S t r e s s e s  a t  v a r i o u s  p o i n t s  between t h e  c e n t e r  and the  
edge reduced ( t y p i c a l l y  9500 p s i  down t o  5800, and 
inc reased  ( t y p i c a l l y  8000 p s i  t o  9000 p s i ) ;  

3 )  S t r e s s e s  a t  t h e  edge increased cons ide rab ly  (from 
14 000 p s i  up t o  29 000 p s i  on t h e  long edge and 13 000 
t o  52 000 on the  s h o r t  edge) .  

It was concluded t h a t  t h e  m e r i t s  of increased s t i f f n e s s  
w e r e  no t  clear c u t ,  and d e t e c t o r  des igns  should be governed by 
o t h e r  more c r i t i ca l  des ign  c o n s t r a i n t s .  

Subsize d e t e c t o r  des ign  tests.- The primary o b j e c t i v e s  of 
subs i ze  t e s t i n g  w a s  t o  produce e m p i r i c a l  d a t a  t o  assist  d e t e c t o r  
design and t o  v e r i f y  p re l imina ry  des ign  approaches,  material 
s e l e c t i o n ,  and f a b r i c a t i o n  p rocesses ,  S p e c i f i c a l l y ,  t hese  d a t a  
w e r e  t o  be used t o  develop p res su re  c a v i t y  des igns  f o r  p r e s s u r i -  
z a t i o n  and mechanical forming, t o  e s t a b l i s h  cand ida te  p re s su re  
c e l l  geometry, develop j o i n t  attachment s t r e n g t h  and f a t i g u e  
cr i ter ia  r e s u l t i n g  from p res su re  c y c l i n g ,  and t o  d e f i n e  the  pro- 
cesses and techniques t o  be used i n  jo in ing .  

The subs i ze  test  r e s u l t s  and c o r r e l a t e d  i n v e s t i g a t i o n s  were 
used as  t h e  b a s i s  f o r  s c reen ing  and s e l e c t i o n  of candidate  des igns  
f o r  continued development. 

The fol lowing ou tpu t s  were ob ta ined  from t h i s  program: 

1) Confirmation o f  s t r u c t u r a l  a n a l y s i s  and b a s i c  des ign  
approach ; 

2) Establ ishment  of j o i n t  s t r e n g t h  f o r  use i n  des ign ,  as 
sub jec t ed  t o  s ta t ic  loading induced by in te rna l  p re s -  
sures ; 

3 )  Determination of t h e  degree o f  r e s i s t a n c e  t o  f a t i g u e  
when t h e  j o i n t s  and pa ren t  material of t h e  design w a s  
sub jec t ed  t o  c y c l i c  i n t e r n a l  p re s su res  r e p r e s e n t a t i v e  
of p r e s s u r e  changes expected i n  t h e  space thermal 
environment ; 
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Determination of t h e  e f f e c t s  of s t a t i c  and c y c l i c  pres-  
s u r e  on the  s t a b i l i t y  of t he  d e t e c t o r  des igns ;  

Development of s t a t i c  p res su re  l e v e l s  and procedures 
f o r  expansion of f l a t  p re s su re  v e s s e l  c e l l s  and t h e  
r e l a t i o n  of such p res su res  t o  c e l l  p r o f i l e s ;  

Study of t he  e f f e c t s  of s t a t i c  and c y c l i c  p re s su res  on 
v a r i e d  c e l l  geometries and t h e  development of compara- 
t i v e  d a t a  f o r  use i n  des ign  s e l e c t i o n ;  

Evaluat ion of t h e  e f f e c t s  of s t a t i c  and c y c l i c  p re s -  
s u r e s  on preformed t a r g e t  material and f l a t  s h e e t  design 
a p p l i c a t i o n s  ; 

Confirmation of t h e  s t a b i l i t y  of f l a t  s e p a r a t o r  s h e e t s  
of d u a l  d e t e c t o r s  when sub jec t ed  t o  d e l t a  p r e s s u r e s .  

Subsize tes t  des igns :  A d e t a i l e d  d e s c r i p t i o n  of each sub- 
s i z e  d e t e c t o r  design i s  presented and t e s t  r e s u l t s  a r e  discussed 
i n  program progress  r e p o r t s  w r i t t e n  e a r l i e r  i n  t h i s  program. I n  
g e n e r a l ,  t h e  designs were developed i n  the  fol lowing groups. 

Des igna t  i on  "Bll series , 0.008/0.008 i n .  t a r g e t s  . 
Eleven designs were developed wi th  v a r i a t i o n s  i n  c a v i t y  
geometry and j o i n t  spacing.  Typical  "B" t es t  specimens 
are shown i n  f i g u r e  48. 

Designat ion ''C" series, 0.016/0.016 i n .  t a r g e t s .  
Ten des igns  w e r e  developed wi th  v a r i a t i o n s  i n  c a v i t y  geome- 
t r i e s ,  j o i n t  spacing,  and j o i n i n g  p rocesses .  A t y p i c a l  
11 I 1  C t es t  specimen is  shown i n  f i g u r e  49. 

Designation 'ID" series wi th  combinations of two-ply 0.027/ 
0.027 i n .  t a r g e t s ,  t h ree -p ly  0.027 i n .  t a rge t /0 .016- in .  
s epa ra to r /0 .027  i n .  t a r g e t ,  and two-ply 0.027 i n .  t a r g e t /  
0.016 i n .  backup. Fourteen designs w e r e  developed i n  t h i s  
ca t egory  wi th  v a r i a t i o n s  i n  c a v i t y  geometr ies ,  j o i n t  spacing,  
and j o i n t  processes .  Typical  "D" t es t  specimens are shown 
i n  f i g u r e  50. 

Designat ion "E" series wi th  combinations of two-ply 0.042/ 
0.042 i n .  t a r g e t s ,  t h ree -p ly  0.042 i n .  t a rge t /0 .020  i n .  
separator /0 .042 i n .  t a r g e t ,  and two-ply 0.042 i n .  t a r g e t /  
0.020 i n .  backup. Nine designs w e r e  developed i n  t h i s  
ca t egory  w i t h  v a r i a t i o n s  i n  c a v i t y  geometr ies ,  j o i n t  spacing,  
and j o i n t  p rocesses .  
i n  f i g u r e  51. 

Typ ica l  "E" tes t  specimens are shown 
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Figure 48.- Configuration B Test Specimens 

Figure 4 9 , -  Configuration C Test Specimen 
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Designat ion "F" series w i t h  two 0.002 i n .  t a r g e t s  a t t ached  
t o  a 0.016 i n .  c o r e .  Nine designs were developed i n  t h i s  
category wi th  v a r i a t i o n s  i n  c a v i t y  geometr ies ,  j o i n t  spac-  
ing,  j o i n t  processes  , and t echn iques .  Typ ica l  "F" t e s t  
specimens are shown i n  f i g u r e  52. 

T e s t  p re s su res :  S t a t i c  expansion p res su res  app l i ed  t o  sub- 
s i z e  t e s t  specimens were v a r i e d  incremental ly  t o  achieve forming 
p r o f i l e s  ve r sus  p re s su re  i n  each s p e c i f i c  combination of t h i c k -  
nes ses  of mater ia ls .  For preformed p res su re  c a v i t y  specimens a 
uniform 53.4 p s i g  w a s  used f o r  proof .  For c y c l i c  p r e s s u r e s ,  a 
range of 14 t o  49 p s i g  w a s  used. The development of p re s su re  
l e v e l s  were d i scussed  e a r l i e r  i n  t h i s  r e p o r t ,  

J o i n t  s t r e n g t h  eva lua t ion :  The o r i g i n a l  welded j o i n t  spac- 
i ng  used on subs i ze  des igns  were based on t h e  spo t  weld t e n s i l e  
a l lowables  permit ted i n  MIL-HDBK-5. (These a l lowab les  are 25% 
of s p e c i f i e d  shea r  v a l u e s  f o r  n i c k e l  s t e e l  a l l o y s . )  A s  a r e s u l t  
of t h i s  c o n s t r a i n t  , j o i n t  spacing w a s  conse rva t ive  , somewhat 
reducing t h e  e f f e c t i v e  t a r g e t  e f f i c i e n c y  and i n c r e a s i n g  the num- 
be r  of j o i n t s  f o r  a given t a r g e t  s h e e t  area. 

An i n v e s t i g a t i o n  w a s  made i n t o  t h e  f e a s i b i l i t y  of i nc reas ing  
t h e  spo t  weld spacing by i n c r e a s i n g  the  load i n  t h e  j o i n t s .  In- 
formation furnished by Wright-Pat terson A i r  Force Base ind ica t ed  
t h a t  t y p i c a l  v a l u e s  f o r  t e n s i l e  p u l l  specimens run between 50% 
t o  75% of shea r  v a l u e s ,  and i n  a l l  cases above 25% of shea r  v a l u e s .  
Because of sca t te r  i n  developed d a t a ,  t he  lower l i m i t  w a s  used 
f o r  design l i m i t s  i n  MIL-HDBK-5. 

To e v a l u a t e  t y p i c a l  t e n s i l e  v a l u e s  on 21-6-9 CRES, a series 
of spot  welded subs i ze  tes t  specimens were b u r s t  t e s t e d  and the  
d a t a  r e l a t e d  t o  t e n s i o n  p u l l  and shea r  p u l l  coupon tes t  d a t a .  
The r e s u l t s  of t h i s  test  appear i n  t a b l e s  13 and 14. These tes t s  
w e r e  performed on 0.008 and 0.027 i n .  mater ia l ,  r e p r e s e n t a t i v e  of 
t he  range of t h i cknesses  planned f o r  des ign .  

The tes t  d a t a  on p u l l  s t r i p s  bore out  t he  f a c t  t h a t  t ens ion  
p u l l  va lues  exceed 25% of shear  p u l l  v a l u e s .  Tension-to-shear 
r a t i o s  were 0.77 i n  t h e  0.008 i n .  gage and 0.57 i n  the  0.027 i n .  
gage s tee l .  Note t h a t  t h e  sca t te r  i n  the  shea r  p u l l  specimens 
is cons ide rab ly  less than  i n  t h e  t e n s i o n  p u l l  tes ts .  Also,  t h e  
t e n s i o n  p u l l  specimens ag ree  f a i r l y  c l o s e l y  w i t h  t h e  b u r s t  t e n s i o n  
va lues  i n  t h e  c l o s e  spacing y e r s i o n s  of t h e  b u r s t  specimens. 
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Figure 51.- Configuration E Test Specimens 

Figure 52.- Configuration F Test Specimen 
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TABLE 13.- SPOT WELD STRENGTH, 0.008-in. GAGE 21-6-9 

Tension full t e s t ,  
l b  

205 

2 15 

188 

195 

230 

2 05 

205 

165 

228 

221 

205 average 
- 

Shear p u l l  t e s t ,  
l b  

283 

263 

2 72 

268 

255 

259 

272 

268 

250 

2 78 

263 

273 

267 

277 

263 

2 74 

264 

276 

269 

259 

274 

260 

276 

280 . 
2 62 

264 Average 

h 

- 

Burst specimen t e s t ,  
l b  

0.56 spacing 

0.79 spacing 

0.97 spacing 

191 

222 

172 

201 average 
- 

224 

193 

181 

199 average 
- 

169 

132 

141 

147 average 
I_ 

MIL-HDBK-5 al lowable i n  0.008-in. gage = 22 l b  
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TABLE 14.- SPOT WELD STRENGTH, 0 .027- in .  GAGE 21-6-9 

Tension p u l l  t e s t ,  
lb 

680 

6 3 4  

632 

7 14 

6 7 1  

7 1 1  

743 

53 9 

738 

655 

672 average 
- 

Shear p u l l  t e s t ,  
l b  

Burs t  specimen t e s t ,  
lb 

1155 

1140 

1175 

1120 

1180 

1165 

1195 

1250 

1210 

1195 

1150 

1155 

1174 average 
- 

1.30 spacing 

1.84 spacing 

2.25 spacing 

523 

7 10 

7 94  

684 

7 10 - i 684 average 

6 93 

7 78 

727 

6 93 

710 

720 average 
- 

760 

785 

733 

683 

760 

740 average 
I__ 

MIL-HDBK-5 a l lowable  i n  0.027-in. gage = 120 l b  
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Based on t h e  d a t a  de r ived  from t h e  foregoing tes ts ,  a series 
of 0.008 in.  and 0.027 in. subs i ze  specimens were designed and 
p res su re  c y c l e  t e s t e d .  The des igns  f o r  each th i ckness  w a s  p r e d i -  
ca t ed  on j o i n t  spac ing  o f  1.0, 1.5 and 2.0 t i m e s  that  permit ted 
by MIL-HDBK-5 a l lowab les .  The r e s u l t s  o f  t h e s e  tests are shown 
i n  t a b l e s  13 and 14. 

It w a s  concluded from t h e  test resu l t s  t h a t  i n  the  t h i c k e r  
gages of t a r g e t  material, welded j o i n t s  could be opened up t o  t h e  
l i m i t  of 1.5 t i m e s  t h e  v a l u e  de r ived  from MIL-HDBK-5. Howeve’r, 
t h e  s p o t  weld spac ing  in  t h e  t h i n n e r  materials should remain con- 
s i s t e n t  w i t h  t h e  handbook requirements .  

P re s su re  c a v i t y  p r o f i l e  development: Prel iminary tes t  d a t a  
der ived from i n i t i a l  c y c l i n g  t e s t i n g  i n  t h e  subs i ze  program 
c l e a r l y  i n d i c a t e d  t h a t  t h e  f a t i g u e  l i f e  of t h e  welded j o i n t s  
were dependent on t h e  degree of bending i n  t h e  material of t he  
p re s su re  ce l l  a d j a c e n t  t o  t h e  spotweld. It w a s  ev iden t  t h a t  t h e  
material a d j a c e n t  t o  each j o i n t  had t o  be formed s o  t h a t  it as- 
sumed more n e a r l y  membrane load ing ,  and minimized bending loading.  
For pressure-expanded specimens, c a v i t y  ce l l s  were developed t o  
r a d i i  c o n s i s t e n t  w i th  t h e  dete-ctor u l t i m a t e  p re s su re  of 67 p s i .  
Cav i ty  expanding p res su res  were incremental ly  a p p l i e d  t o  achieve 
t h e  c a v i t y  membrane r a d i i  producing stress levels of 15 000, 
22 500, and 30 000 p s i  a t  u l t i m a t e  p r e s s u r e  f o r  each th i ckness -  
t o - j o i n t  spac ing  combination. T e s t  resul ts  i n d i c a t e d  t h a t ,  
wi thout  excep t ion ,  t h e  p r o f i l e  developed on t h e  b a s i s  of t h e  
15 000 p s i  va lue  b e s t  withstood t h e  a p p l i c a t i o n  of 14 t o 4 9  p s i g  
p re s su re  c y c l i n g  . 

It w a s  concluded from t h e s e  tests t h a t  a l l  des igns ,  regard-  
less o f  material t h i c k n e s s  combinations o r  j o i n t  spacing,  should 
have cells  developed such that  t h e  membrane stress of t he  material 
i n  t h e  ce l l  d i d  n o t  exceed 15 000 p s i .  

De tec to r  j o i n t  geometry eva lua t ion :  There were f i v e  b a s i c  
j o i n t  geometries used i n  subs i ze  des ign ,  some of which were car- 
r i e d  over from des ign  approaches conceived by NASA-LRC and/or 
Martin Marietta dur ing  advanced s t u d i e s .  These geometries f a l l  
i n t o  t h e  fol lowing groups: 

1) Square o r  n e a r l y  square spo t  weld arrangement,  forming 
a square p re s su re  c a v i t y ;  

The arrangement of spot welded j o i n t s  t o  form a hexagonal 
cel l .  T h i s  approach w 8 s  v a r i e d  t o  use s ix  co rne r  spo t -  
weld j o i n t s ,  s ix c o r n e r  welds w i t h  in t e rmed ia t e  welds 

2) 
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a long  the  hexagonal s i d e s ,  and c a v i t y  p e r i p h e r a l  seam 
welds i n t e r r u p t e d  t o  provide gas passages ; 

3 )  Pressu re  c a v i t i e s  formed by p a r a l l e l  seam welds wi th  
i n t e r r u p t i o n s  t o  provide gas t r a n s f e r  passages ; 

4 )  Spot welded j o i n t s  arranged i n  c o n c e n t r i c  c i r c u l a r  
cavit ies ; 

5) Spot welded j o i n t s  arranged t o  form t r i a n g u l a r  c a v i t i e s .  

Subsize t e s t  specimens were b u i l t  and t e s t e d .  The t e s t  
r e s u l t s  a p p l i c a b l e  t o  geometry e v a l u a t i o n  are summarized below: 

1) Square spo t  weld j o i n t  arrangements provided forb more 
uniform development of p re s su re  c e l l  c a v i t i e s  and even- 
nes s  f o r  p re s su re  expansion a c r o s s  t h e  specimens. The 
arrangement a l s o  provided f o r  a balanced p res su re  v e s s e l  
system r e s u l t i n g  i n  d e t e c t o r  s t a b i l i t y  and h i g h e r  r e -  
s i s t a n c e  t o  f a t i g u e  f a i l u r e s  under c y c l i c  p re s su re  load- 
i n g  ; 

Hexagonal p a t t e r n s  showed i n s t a b i l i t y  under s t a t i c  o r  
c y c l i c  p re s su re  loading.  The p res su re  ce l l  p r o f i l e s  
formed by p res su re  expansion d id  no t  develop i n  a n  
uniform manner w i t h i n  i n d i v i d u a l  ce l l s  o r  between ce l l s .  
The unpred ic t ab le  c r e a s i n g  e f f e c t s  a t  welded j o i n t s  
r e s t r a i n e d  t h e  n a t u r a l  membrane p r o f i l e  of ce l l s  formed 
under p re s su re ,  r e s u l t i n g  i n  increased bending stresses 
of t h e  material under p re s su re  c y c l i n g  load.  The degree 
of warpage r e s u l t i n g  from p res su re  loading i s  shown i n  
f i g u r e  53; 

3 )  T e s t  specimens having c a v i t i e s  formed by para l le l  s e a m  
welds i n  gene ra l  f a i l e d  t o  su rv ive  t h e  p re s su re  cyc le  
tests.  The f a i l u r e s  r e s u l t e d  from the  fol lowing con- 
d i t i o n s  : 

I n s t a b i l i t y  of t he  specimens i n  the  t r a n s v e r s e  
d i r e c t i o n  of t h e  c e l l  l e n g t h ,  r e s u l t i n g  i n  warpage, 

Seamweld t e rmina t ion  f a i l u r e s  as t h e  r e s u l t  of 
errat ic  and excess ive  loads  introduced i n t o  t h e  
j o i n t s ;  



Figure  53.- Pressure  Loading Warpage 

112 



4 )  The specimens having c o n c e n t r i c  s p o t  weld arrangements 
showed a h igh  degree of i n s t a b i l i t y  du r ing  cyc le  tes t -  
i n g ,  r e s u l t i n g  i n  e a r l y  j o i n t  f a i l u r e s .  It w a s  a l s o  
found t h a t  excess ive  p re s su re  (300 p s i g  o r  up) would be 
r equ i r ed  t o  expand t h e  c a v i t i e s  t o  accep tab le  levels;  

5) The t r i a n g u l a r  c e l l  specimens passed c y c l i c  p re s su re  
tests,  and maintained good out-of-plane s t a b i l i t y .  How- 
e v e r ,  c r e a s i n g  w a s  e v i d e n t  a t  t h e  apex of t h e  t r i a n g l e .  

The fol lowing conclusions w e r e  de r ived  from t h i s  phase of 
s u b s i z e  des ign ,  development, and tests:  

1) De tec to r s  having square s p o t  weld j o i n t  a r r a y s  demon- 
s t r a t e d  h igh  s t r e n g t h ,  good f a t i g u e  r e s i s t a n c e ,  and 
marked s t a b i l i t y  under s t a t i c  and c y c l i c  p re s su re  loads .  
These designs w e r e  s u i t a b l e  f o r  continued development; 

2 )  The d e t e c t o r s  having hexagonal p a t t e r n s  of j o i n t  a t t a c h -  
ments showed reasonably good i n d i v i d u a l  c a v i t y  j o i n t  
s t r e n g t h .  However, because of t he  unpred ic t ab le  c r e a s -  
i ng  and c a v i t y  d i s t o r t i o n  induced by s t a t i c  and c y c l i c  
p re s su re  load ing ,  d e t e c t o r  s t a b i l i t y  w a s  ques t ionab le .  
These des igns  w e r e  s u i t a b l e  f o r  f u r t h e r  l i m i t e d  develop- 
ment ; 

3 )  Detec to r s  having c a v i t i e s  formed by p a r a l l e l  s e a m  welds 
demonstrated a h igh  degree of dynamic i n s t a b i l i t y  du r ing  
c y c l i c  loading.  This  c o n d i t i o n  induced e r r a t i c  loading 
a t  s e a m  weld t e rmina t  ions.  Continued development w a s  
r equ i r ed  t o  a s c e r t a i n  a l l  f a c e t s  of t h e  behavior of t he  
d e t e c t o r  under p re s su re  loads ;  

4 )  The d e t e c t o r  des ign  having c o n c e n t r i c  c i r c u l a r  j o i n t  
arrangements w e r e  e l imina ted  f o r  continued development. 
t h e  out-of-plane i n s t a b i l i t y  of t h e  panel  , requirements 
f o r  excess ive  forming p res su res  and low r e s i s t a n c e  t o  
f a t i g u e  t o  cyc le  p re s su res  made t h i s  des ign  t o o  marginal ;  

5 )  The t r i a n g u l a r  p a t t e r n  of j o i n t  arrangements f o r  de t ec -  
t o r s  showed high j o i n t  s t r e n g t h ,  reasonably good panel 
s t a b i l i t y  and good r e s i s t a n c e  t o  f a t i g u e  under c y c l i c  
p re s su re  loads.  These designs w e r e  s u i t a b l e  f o r  con- 
t inued development. 

In sumnary, t h e  p re s su re  c a v i t y  geometries t h a t  pas'sed t h i s  
phase of t h e  subs i ze  t es t  program w e r e  sub jec t ed  t o  continued 
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development, t es t ,  and e v a l u a t i o n  under t h e  R e l i a b i l i t y  Pressure 
T e s t  phase of t h e  program, d i scussed  later i n  t h i s  r e p o r t .  

Methods of p re s su re  c a v i t y  development: Two methods w e r e  
developed t o  form p res su re  cavit ies i n  t h e  t a r g e t  material of 
t h e  subs i ze  t e s t  specimens -- preformed cavities and p res su re -  
expanded c a v i t i e s .  

The preformed c a v i t y  of t h e  t a r g e t  s h e e t  w a s  exp los ive -  
formed (but could have been p r e s s  formed) i n t o  a female d i e  having 
a geomet r i ca l ly  de f ined  c a v i t y  depth and weld p o s i t i o n  inden ta t ions .  
The t a r g e t  s h e e t  boundary w a s  formed i n  plane wi th  t h e  weld inden- 
t a t i o n s .  The p a r t s  t hus  formed were c o n s i s t e n t  w i th  t h e  design 
requirements f o r  t h i n  out and c a v i t y  c o n f i g u r a t i o n .  This  method 
of forming w a s  l i m i t e d  t o  0.027- and 0.042-in.- thick material f o r  
t h i s  program. 

The a p p l i c a t i o n  of p re s su re  t o  completely welded specimen 
assemblies  formed the  c a v i t y  shape. The c a v i t i e s  were formed a t  
d i s c r e t e  forming p res su res  s e l e c t e d  t o  achieve t h e  d e s i r e d  c a v i t y  
p r o f i l e s .  The p res su res  r equ i r ed  t o  form c a v i t i e s  i n  a l l  t h i c k -  
nes ses  of material w a s  i n  excess of 53.4 p s i g  proof .  This  app l i ed  
p res su re  has no d e l e t e r i o u s  e f f e c t  on t h e  j o i n t s  o r  material of 
t h e  specimens . 

It w a s  concluded t h a t  preforming t a r g e t  s h e e t s  by exp los ive  
forming was  p r a c t i c a l  and s u i t a b l e  f o r  des ign .  However, it w a s  
found t o  be less economical t han  p res su re  forming, It was a l s o  
found t o  be a p p r o p r i a t e  f o r  use where t h e  c a v i t y  volume i s  l i m i t e d  
by c l o s e l y  spaced j o i n t s  and where t h i n n e r  s h e e t s  w e r e  combined 
with t h i c k e r  t a r g e t  material. 

The p res su re  expansion method of forming c a v i t i e s  proved t o  
be p r a c t i c a l ,  economical, and s u i t a b l e  f o r  des ign  a p p l i c a t i o n s .  
It was apparent  t h a t  t h i s  forming technique imparted work harden- 
ing  of t h e  material a d j a c e n t  t o  t h e  j o i n t s ,  i n c r e a s i n g  t h e ’ r e s i s t -  
ance t o  s t a t i c  and c y c l i c  f a t i g u e  p res su re  f a i l u r e s .  

R e l i a b i l i t y  p re s su re  tests: The r e l i a b i l i x y  p res su re  test  
phase of subs i ze  development w a s  conceived as a f i n a l  design eva lu -  
a t i o n  sc reen  f o r  weld j o i n t  geometries and f o r  s e l e c t i o n  of full- 
s i z e  f i n a l  designs.  The r e s u l t s  of t h i s  test  phase were a l s o  used 
t o  determine t h e  optimum j o i n t  spacing,  c a v i t y  behavior under load,  
panel  s t a b i l i t y ,  and weld s t r e n g t h  r e p e a t a b i l i t y  a c r o s s  groups of 
s i m i l a r  tes t  specimens. I n  a l l ,  t h e  program developed a measure- 
ment of r e l i a b i l i t y  of des ign  and .p rocesses  t o  a s s u r e  a h igh  con- 
f idence i n  des ign  a p p l i c a t i o n s  t o  f u l l - s i z e  d e t e c t o r s .  
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A d e s c r i p t i o n  of des igns  c rea t ed  f o r  t h i s  t e s t ,  numbers of 
specimens, t e s t  a p p l i c a t i o n s ,  and r e s u l t s  are shown i n  t a b l e  15. 

T e s t  specimens b u i l t  f o r  t he  C I A  d e t e c t o r  panel des ign  
(0.016 in./0.016 i n . )  combination, hexagonal j o i n t  arrangement 
are shown i n  f i g u r e  54. T e s t  specimens b u i l t  f o r  t he  E1A d e t e c t o r  
des ign  (0.042 in./0.042 i n . )  combinaEion, square j o i n t  arrangement 
are shorm i n  f i g u r e  55. These t e s t  specimen c o n f i g u r a t i o n s  are 
t y p i c a l  of t h e s e  used f o r  t h i s  test phase. The j o i n t  p a t t e r n s  
developed i n  t h i s  phase of t h e  program were p ro jec t ed  t o  t h e  a n t i c -  
i pa t ed  des ign  c o n f i g u r a t i o n s  t o  determine the  e f f e c t s  of meteoroid 
p e n e t r a t i o n  e f f i c i e n c i e s .  The r e s u l t s  of t h i s  s tudy  are r e f l e c t e d  
i n  t a b l e  16. 

The r e s u l t s  of t hese  t e s t s  and s t u d i e s  o t h e r  than r e l i d b i l i t y  
e v a l u a t i o n  are summarized below: 

1) Designs with square spo t  welded a r r a y  spaced up t o  1.5 
x b a s i c  (MIL-HDBK-5) developed a l lowab les  i n  t h e  heav ie r  
materials (0.016, 0.027, and 0.042 i n . )  demonstrated 
good j o i n t  s t r e n g t h ,  r e s i s t a n c e  t o  f a t i g u e ,  and good 
panel  s t a b i l i t y .  Designs us ing  2.0 x b a s i c  a l lowables  
f o r  spacing were marginal .  The designs wi th  t h i n n e r  
materials (0.002 and 0.008 i n . )  demonstrated t h e  same 
c h a r a c t e r i s t i c s  as those having h e a v i e r  material when 
us ing  b a s i c  developed a l lowab les  but  d id  no t  lend them- 
s e l v e s  t o  increased j o i n t  l oads .  The a p p l i c a t i o n  of 
t h i s  j o i n t  a r r a y  t o  one-sided d e t e c t o r s  (0.027 i n . /  
0.016 i n .  and 0.002 in./0.020 i n . )  demonstrated the  
same c h a r a c t e r i s t i c s  as balanced (same gage) t a r g e t  
s h e e t  combinations,  w i th  the  excep t ion  t h a t  t h e  c a v i t y  
p r o f i l e s  formed i n  the  t h i n n e r  material under expansion 
p r e s s u r e s .  The t a r g e t  e f f i c i e n c i e s  f o r  t h i s  j o i n t  design 
ranged from 82.2% t o  92.6% i n  t h i c k n e s s  combinations us- 
ing 0.0042-, 0.027-, 0.016-, and 0.008-in. material .  For 
0.002 i n .  combinations t h i s  e f f i c i e n c y  range w a s  78.4%. 

2)  Designs with v a r i e d  c o n f i g u r a t i o n s  of hexagonal j o i n t  
p a t t e r n s  e x h i b i t e d  i n s t a b i l i t y  i n  i n d i v i d u a l  p re s su re  
cavit ies r e s u l t i n g  i n  panel warpage. This  c o n d i t i o n  
developed through p res su re  expansion wi th  the  boundaries 
cons t r a ined  and c y c l i c  p re s su re  a p p l i c a t i o n s .  The con- 
d i t i o n  exe r t ed  e r r a t i c  loads on i n d i v i d u a l  j o i n t s  caus- 
i ng  premature f a i l u r e s .  The problem was overcome by 
adding continuous s t i f f e n i n g  members t o  t h e  specimens. 
The t a r g e t  e f f i c i e n c i e s  f o r  t h i s  j o i n t  des ign  ranged 
between 82.1% and 82.3% i n  0.008 i n .  and 0.016 i n .  m a -  
t e r i a l  th i ckness  combinations. 
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Figure  54.- Conf igura t ion  C T e s t  Specimen 

Figure  55.- Conf igura t ion  E Tes t  Specimens 
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TABLE 16.- TARGET AREAS AND EFFICIENCIES 

:onf igura t ion  2 
To ta l  a r e a  

a v a i l a b l e ,  i n .  
(a)  

2 
Ef fec t ive  

t a r g e t  area, i n .  
(b) 

B l  -01 

B2 -01 

B& -01 

c1 -01 

C l  -02 

CIA-01 

CIA-02 

C1B-01 

c2  -01 

DIA-01 

DIA-02 

D1B-01 

D2A-02 

D2B-01 

D3A-02 

D3B-01 

E1A-01 

E1A-02 

E1B-01 

E1C-01 

E1C-02 

E2C-01 

E2D-01 

E3A-02 

E3B-02 

FLA-01 

F1B-01 

960 

960 

960 

960 

960 

960 

960 

960 

960 

3920 

3920 

3920 

3920 

3920 

1960 

1960 

3920 

3920 

3920 

3920 

3920 

3920 

3920 

1960 

1960 

960 

960 

788.9 

773.4 

790.4 

791.4 

795.0 

789.4 

792.3 

791.4 

760.6 

3611.1 

3628.7 

3528.2 

3480.0 

3479.3 

1793.3 

1747 .7 

3612.0 

3625.8 

3569.0 

3611.0 

3627.4 

3485.4 

3551.3 

1804.6 

1752.7 

752.2 

636.5 

Area 
e f f i c i e n c y ,  % 

82.2 

80.5 

82.3 

82.4 

82.8 

82.3 

82.1 

82.4 

79.3 

92.1 

92.6 

90.0 

88.8 

88.7 

91.5 

89.1 

92.2 

92.6 

91.2 

92.2 

92.6 

88.9 

90.6 

92.1 

89.4 

78.4 

66.4 

(a)  Areas based on envelope dimensions spec i f i ed  i n  the Statement of Work 
(b) The a reas  shown a r e  n e t ,  and r e f l e c t  t he  reduct ion  of the  t o t a l  area 

by f i e l d  j o i n t  a r e a s ,  boundary and switch a r e a s .  
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3) Designs w i t h  p a r a l l e l  seam welded cavities c o n s i s t e n t l y  
f a i l e d  s t a t i c  and c y c l i c  p re s su re  loads .  It w a s  found 
t h a t  t h e  specimens d i s t o r t e d  from p res su re  p u l s i n g  motions 
under c y c l i c  p r e s s u r e s ,  i n t roduc ing  excess ive  and unpre- 
d i c t a b l e  loads on s e a m  weld t e rmina t ions  a t  the  gas t r a n s -  
f e r  passages.  De tec to r s  having t h i s  s t y l e  j o i n t  d e s i g n  
had an area e f f i c i e n c y  range of 79.3% t o  80.5%. 

4)  The des igns  having spo t  welded j o i n t s  arranged i n  t r i a n g u -  
lar  p a t t e r n s  based on 1.0 x developed a l lowab les  passed 
a l l  phases of t h e  c y c l i c  and s ta t ic  p res su re  tests.  How- 
ever, t h e  j o i n t  spacing based on 1 .5  x developed al low- 
a b l e s  i n  t h e  0.042 in./0.042 in .  material combination 
showed a marked r e d u c t i o n  i n  b u r s t  s t r e n g t h  a f t e r  being 
sub jec t ed  t o  c y c l i c  p re s su res .  The t a r g e t  area e f f i c i -  
ency f o r  t h i s  j o i n t  des ign  ranged from 82.4% t o  92.6%. 

R e l i a b i l i t y  e v a l u a t i o n :  Based on t h e  r e s u l t s  of t h e  t es t s ,  a 
r e l i a b i l i t y  a n a l y s i s  w a s  performed on each of t h e  des igns .  The 
a n a l y s i s  of t h e  B 1  s t anda rd  spacing des ign  i s  shown i n  t a b l e  1 7 .  
Th i s  t a b l e  t y p i c a l l y  r e f l e c t s  t h e  methods used i n  ana lyz ing  a l l  of 
t h e  des igns .  

The r e s u l t s  of t h i s  e v a l u a t i o n  is  summarized i n  t a b l e  18. 
The l i f e  cyc le  r e l i a b i l i t y  d a t a  shown i n  t h e  t a b l e  i s  i d e n t i c a l  
w i th  t h e  p r o b a b i l i t y  of s u r v i v i n g  u l t i m a t e  des ign  al lowable.  The 
u l t i m a t e  va lues  w e r e  e s t a b l i s h e d  a f t e r  t h e  specimens w e r e  p re s su re  
cycled.  

PROCESS DEVELOPMENT AND FABRICATION 

Prel iminary Design and Development Phase 

Process development.- The ear l ies t  subs i ze  d e t e c t o r  spec i -  
mens w e r e  made up i n  r e s i s t a n c e  welded pressure-expanded des igns .  
Spot weld schedules w e r e  qu ick ly  developed t h a t  m e t  t h e  handbook 
s t r e n g t h  requirements used i n  design.  Corresponding d a t a  w e r e  
n o t  a v a i l a b l e  f o r  r e s i s t a n c e  s e a m  welds and some simple specimens 
w e r e  developed t o  c o r r o b o r a t e  seam weld s t r e n g t h  p r o j e c t i o n s  made 
by Engineering. Welding of t h e  t h r e e  unequal p l i e s  of t h e  "F" 
c o n f i g u r a t i o n  p a r t i c u l a r l y  without  t h e  "peel" s h e e t  gave less 
than  s a t i s f a c t o r y  r e s u l t s  e a r l y  i n  t h e  program and remained a n  
open development i t e m  f o r  some t i m e  a f t e r  t h e  end of t h e  f i r s t  
and second phases.  
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TABLE 1 7 . -  RELIABILITY TEST DATA 

Configuration: B 1  STD Spacing 0.008 x 0.008-in. square array 
spotweld pressure  expand 

0.56 spacing 2 1  344 cyc le s  

Sample 

1 
2 
3 
4 
5 
6 
7 
8 

Pressure ,  
p s i  

450 
470 
550 
470 
45 0 
406 
480 
495 

Spot spac ing  

.56 

.56 

.56 

.56 

.56 

.56 

.56 

.56 

Spot loading, l b  ( X i )  

141.12 
147.39 
172.48 
147.39 
141.12 
127.01 
150.53 
155.23 

% = 147.78 

s = 12.2 

= 1182.27 

L = Minimum spo t  weld 

Allowable MIL-HDBK-5 (22 l b )  

Sa fe ty  margin (50% confidence) = a = 147.78-22 = 10.31 STD 
S 12 .2  Deviation of 

s a f e t y  margin 

Minimum s t r eng th  average (95% confidence l eve l )  
- 
X = 140.21  

Maximum STD dev ia t ion  (95% confidence l eve l )  

= 17.56 

Strength  s a f e t y  margin (95% confidence level)  

S.M. = 6.73 

Probab i l i t y  of surv iv ing  proof pressure  (53.4 p s i  o r  16.75 l b )  

Pa = .999 999 999 318 ( s ing le  de t ec to r )  

Pa = .999 999 998 636 (dual de t ec to r )  

P robab i l i t y  of surv iv ing  u l t ima te  des ign  allowable (22 l b )  

Pa = .999 999 999 440 ( s ing le  de t ec to r )  

Fa = .999 999 998 88 (dual de t ec to r )  

P robab i l i t y  of survJving forming pressure  (150 p s i  o r  47.04 l b )  

Pa = .999 963 ( s ing le  de t ec to r )  

Fa = .999 927 (dual d e t e c t o r )  

conf igura t ion :  B 1  STD spac ing  

X i  - Sample 

1 lrcl .12 
2 147.39  
3 172.48 
4 147.39  
5 141.12 
6 1 2 7 . 0 1  
7 150.53 
8 155.23 

(Xi-Z)  

- 6.66 - .39 .15 s =  
24.70 610.09 

- -39  .15 - 6.66 44.36 
-20.77 431.39 

2.75 7.56 
7 .45  55.50 

44.36 ( X i - X I 2  
n 

s =  149.2 

s =  12.2 

151 

12 

10 

7 

5 

2 

Actual = 147.78 l b  ------- 
Min. 2 = 140 

6.73 u 

CJ 

.- 

7 ,  

MI1 - -  
Vi 

1 l b  .-- 

orming 
r e s su r  
oad 

U 

!?E- 
le --- 

Proof pressure  
loading  

1193.56 

12 2 



TABLE 1 7 . -  RELIABILITY TEST DATA - Concluded 

8 

STD Error  of the  mean 

12.2 
2.65 = - = 4.60 - S 

X =  
n-1 

STD e r r o r  of the  STD dev ia t ion  

12.2 
3.74 

= - = 3.26 S 

2 (n-1) 
S =  

Minimum s t r eng th  average @ 95% confidence l eve l  
- 

A = X - 1.645 (4.60) = 147.78 - 7.57 = 140.21 

Maximum STD dev ia t ion  @ 95% confidence l e v e l  

B = S + 1.645 (3.26) = 12.2 +"5.36 = 17.56 

St rength  s a f e t y  margin @ 95% confidence l e v e l  

140.21-22 - - 118'21 = 6.73 
17.56 17.56 S.M. = 

The B 1  d e t e c t o r  conf igura t ion  would have 660 spo t  welds. 

P robab i l i t y  of surv iv ing  proof pressure  

660 
% = R  = (.999 999 999 998 966) 

660 R = 1-(.OOO 000 000 001 034) 

R = .999 999 999 318 ( s ing le  de t ec to r )  

R = .999 999 998 636 (dual de t ec to r )  

P robab i l i t y  of surv iv ing  u l t ima te  des ign  allowable (22 lb )  

660 
% = R  

= (.999 999 999 991 5175 

R = 1-(.000 000 000 008 483) 660 

R = .999 999 999 440 ( s ing le  de t ec to r )  

R = .999 999 998 88 (dual de t ec to r )  

P robab i l i t y  of surv iv ing  forming pressure  (47.04 l b )  

% = R  
= (.999 999 945 2 p 0  

R = .999 963 ( s ing le  de t ec to r )  

R = .999 927 (dual de t ec to r )  
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TABLE 18. - CONFIGURATION RELIABILITY AND MARGINS 

Configurat ion 

B 1  -01 

B2 -01 

B4 -01 

c1 -01 

c1 -02 

CUI-02 

ClA-02 

C1B-01 

c2  -01 

DlA-01 

DL4-02 

D1B-01 

D2A-02 

D2B-01 

D3A-02 

D3B-01 

ELA-01 

ElA-02 

E1B-01 

E1C-01 

E1C-02 

E2C -01 

E2D-01 

E3A-02 

E3B-01 

FU-01 

F1B-01 

Forming 
pressure 

r e  l i a b i l i t y  

.9'27 

0 

9 .9 3 

9 .9  856 

.99738 

0 

0 

.9 

0 

20 

18 .9 85 

9 
.9 

NA 

NA 

NA 

.99 985 

NA 

.935 

.920 

NA 

55 .9  
9 .9  287 

NA 

NA 

.Y8583 

NA 

---- 

0 

Life  cyc le  
r e l i a b i l i t y  

8 .9 88 

0 

12 .9 85 

25 
.9 58 

11 .9 8 

0 

0 

.9 

0 

22 .9  

25 .9  

23 .9 

.9 944 

-902 

58 

. Y9547 

22 .9 88 

.960 

.970 

.99874 

86 .9 

35 
.9 
11 . 9  314 

.0032 

1 7  
.9 

0 

.544 

0 

c 

Strength  
s a f e t y  
margin 

6.36 

C--L 

4.64 

4.98 

3.62 

---- 
---- 
4.85 

---- 

5.08 

3.05 

4.66 

4.28 

4.54 

3.86 

4.03 

6.25 

2.95 

3.72 

6.16 

3.04 

4.53 

2.34 

4.49 

4.03 

4.35 

---- 
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The b raz ing  process  i n i t i a l l y  s e l e c t e d  c a l l e d  f o r  a hydro- 
gen atmosphere a t  approximately 2000°F w i t h  a n  82% gold-18% 
n i c k e l  f i l l e r  a l l o y .  This  a l l o y  w a s  s e l e c t e d  f o r  high s t r e n g t h ,  
and a minimal tendency t o  a t t a c k  and d i s s o l v e  t h e  base m e t a l  
du r ing  t h e  b raz ing  ope ra t ion .  A l s o ,  it w e t  and f i l l e d  t h e  cap- 
i l l a r y  j o i n t  i n t e r f a c e  even though t h e  s u r f a c e  oxide reduct  ion 
i s  marginal ,  The procedure t h a t  w a s  e f f e c t i v e  used 0.002- t o  
0 .004-in.- thick b raz ing  a l l o y  shim t a b s  on each preformed node 
as shown i n  f i g u r e  56. The placetnent w a s  assured by small 
c a p a c i t o r  d i scha rge  spo t  welds. Elongated t a b s  ( s t r i p s )  were 
a l s o  placed around t h e  per iphery of t h e  panel .  The two h a l v e s  
of t h e  panel  w e r e  assembled and he ld  i n t o  r e l a t i v e  alignment 
by j i g g i n g  o r  by j i g - s p o t  welding. 
b l i e s  w a s  placed i n  a high temperature muff le  purged wi th  flow- 
ing argon f o r  10 minutes ,  followed by a purge of hydrogen. 
With hydrogen flowing, t he  sea l ed  muff le w a s  t hen  introduced 
t o  a b raz ing  furnace,  and t h e  temperature s t a b i l i z e d  a t  t h e  
b raz ing  temperature .  Ea r ly  experiments included b raz ing  t e m -  
p e r a t u r e s  i n  t h e  range 1750° t o  2100°F, f o r  5 t o  40 minutes.  
Only des igns  us ing  chem-milled co re  s h e e t s  o r  preformed target  
s h e e t s  were considered f o r  b raz ing .  These provided a node upon 
which t h e  braze a l l o y  could be placed,  and minimized t h e  need 
f o r  "stop-off ' '  t o  r e s t r i c t  flow of t h e  molten a l l o y .  

One o r  more of t he  assem- 

E a r l y  problems wi th  t h e  process  have included composition 
c o n t r o l  of t h e  hydrogen, and t ime-temperature c o n t r o l  of s u f f i -  
c i e n t  p r e c i s i o n  t o  prevent excess ive  aggres s ion  (d i s so lv ing )  
of 0.002-in. s t a i n l e s s  s teel  t a r g e t  s h e e t s  by t h e  brazing a l l o y  
a t  t h e  b raz ing  temperature .  Braze j o i n t  s t r e n g t h s  were s u f f i -  
c i e n t l y  encouraging t o  cont inue experimentat ion.  

More than  a n t i c i p a t e d  d i f f i c u l t y  w a s  encountered i n  resist-  
ance welding preformed s h e e t s .  It w a s  necessa ry  t o  develop a 
preformed node geometry t h a t  w a s  compatible w i t h  weld e l e c t r o d e  
geometr ies ,  and a l s o  t o  a l low some c l ea rance  between t h e  s i d e  
of t h e  node and the  s i d e s  of t h e  e l e c t r o d e s .  Allowing f o r  
e lectrode-to-node c l e a r a n c e ,  and avoiding t h e  inco rpora t ion  of 
a n  e l e c t r o d e  whose cone ang le  w a s  so s t e e p  as t o  cause "mush- 
rooming", t h e  r e s i s t a n c e  welding nugget became a r a t h e r  small 
p ropor t ion  of t h e  t o t a l  area a v a i l a b l e  a t  t h e  base of t he  node 
p e d e s t a l .  

Ta rge t  s h e e t  preforming process development w a s  a l s o  more 
t i m e  consuming than  a n t i c i p a t e d ,  p r imar i ly  because of t he  neces- 
s i t y  t o  optimize t h e  geometry of t he  preformed node. S t eep  
s i d e s  on t h e  node w e r e  d e s i r e d  t o  o b t a i n  maximum moment of 
i n e r t i a  f o r  t h e  v i b r a t i o n  environment. However, s t e e p  s i d e s  
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were d i f f i c u l t  t o  form because of h igh  s t r a i n  requirements .  
These s i d e s  a l s o  made it d i f f i c u l t  t o  r e s i s t a n c e  spo t  weld a t  
t h e  base of t h e  node. Thus, compromises were necessary.  How- 
e v e r ,  s u c c e s s f u l  procedures w e r e  developed us ing  a s i n g l e  d i e  
and exp los ive  forming as shown i n  f i g u r e  57. A f t e r  p l a c i n g  the  
blank ove-r t h e  d i e ,  t h e  c a v i t y  between t h e  d i e  and the blank i s  
s e a l e d .  A s h e e t  exp los ive  i s  then  placed on a cardboard s t and-  
o f f  approximately 6 i n .  above t h e  d i e .  The d i e  and exp los ive  
are then  lowered under 24 i n ,  of water, and t h e  exp los ive  i s  
de tona ted .  With t h i s  procedure t h e  exp los ive  and water act  as 
a f l u i d  p re s su re  media t o  emboss t h e  blank onto the  d i e .  I n  
subsequent forming experiments ,  a block of rubbe r ,  pushed down- 
ward by a press w a s  s u b s t i t u t e d  f o r  t h e  exp los ive .  Dies f o r  
t h i s  process  w e r e  made by convent ional  machining and by chem- 
m i l l i n g .  Both processes  appear  t o  be s a t i s f a c t o r y ,  The node 
c r o s s  s e c t i o n  can be more p r e c i s e l y  c o n t r o l l e d  by convent ional  
machining, wh i l e  t h e  t o l e r a n c e s  on node spacing can be he ld  
t i g h t e r  w i th  chem-milling. 

Chem-milling procedures w e r e  developed f o r  304 s t a i n l e s s  
s t ee l ,  21-6-9 s t a i n l e s s  s t ee l ,  and f o r  low a l l o y  hardenable 
s teels  f o r  exp los ive  forming d i e s .  The only material  t h a t  gave 
apprec i ab le  d i f f i c u l t y  w a s  t h e  21-6-9,  because no experience,  
e x i s t e d  wi th  t h i s  material. 
"balanced" t o  o b t a i n  uniform e t c h i n g  r a t e s  f o r  each new m a t e r i a l .  
Ea r ly  experiments r e s u l t e d  i n  l o c a l  e r o s i o n s  as shown i n  t h e  t o p  
specimen of f i g u r e  58. However, by a d j u s t i n g  the  s o l u t i o n  and 
by experimenting wi th  t h e  geometry of immersion of t h e  p a r t  i n  
t h e  b a t h  -- t he  l a t te r  i s  important i n  t h a t  i t  c o n t r o l s  t h e  path 
of hydrogen bubbles which are given o f f  by t h e  r e a c t i o n  -- t he  
much improved geometry c o n t r o l  sbown i n  t h e  lower specimen of 
f i g u r e  58 w a s  ob ta ined .  

Chem-milling ' solut ions must be 

A s  p a r t  of t he  t a s k  t o  develop processes  t o  va ry  the  absorp- 
t i v i t y  ( C Y )  and e m i s s i v i t y  ( € )  t h e s e  p r o p e r t i e s  w e r e  measured 
e a r l y  i n  t h e  phase f o r  a number of specimens of 304L s t a i n l e s s  
s tee l .  Samples w e r e  obtained from Armco S t e e l ,  Rodney Metals, 
and Republic S t e e l ,  as w e l l  as hand pol ished samples  from NASA-LRC. 
Tests w e r e  a l s o  conducted e a r l y  i n  t h e  program t o  v e r i f y  t h a t  t he  
Spadone Vapor Hone would be u s e f u l  i n  modifying a! and € . 
The d u l l  f i n i s h  Armco 21-6-9 received from Rodney Metals and t h e  
Esco Corporat ion had h ighe r  a! va lues  than  t h e  Armco sample 
c a r d ,  i n d i c a t i n g  some d i f f e r e n c e  because of t h e  d i f f e r e n t  a l l o y  
o r  t e x t u r e  of t h e  r o l l s  o r  c l e a n i n g  e t c h a n t .  Most of t he  e x p e r i -  
ments performed e a r l y  i n  the  program were d i r e c t e d  toward r a i s i n g  
both a! and € t o  reduce t h e  va lue  of a!/ € . This r equ i r ed  
a much l a r g e r  percentage i n c r e a s e  i n  E . This  w a s  done because 
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(a) D i e  Face wi th  Raised "Nodes" 
and Edges. "0" Ring Groove 
S e a l s  Blank-Die Cavity,  which 
i s  Evacuated 

(b) Ready f o r  Shot, Showing Vacuum 
Line,  Holddown Frame, Card- 
Board "Stand-Of f ", Sheet Explo- 
s i v e  and E l e c t r i c  Cap. 

F igu re  57.- Explosive Forming Setup 
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Figure 58.- Chem-Milled Process Comparisons 
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t h e  material as-received had a va lue  of CL / E  
t h e  maximum g o a l  set f o r  t h e  program. 

v e r y  c l o s e  t o  

The experiments w e r e  p e .  impinging 
a s l u r r y  o f  w a t e r  and aluminum oxide g r i t  
w a t e r  p re s su re  combinations exposure t i m e s  s i z e s .  Elec- 
t r o p o l i s h i n g  w a s  a l s o  shown t o  be u s e f u l  
va lue .  Some d a t a  w e r e  a l s o  ob ta ined  on t h e  e f f e c t  of h e a t i n g  . 
on a /  6 .  Hand p o l i s h i n g  had l i t t l e  e f f e c t  i n  changing t h e  
as-received v a l u e s  of 01 and E . 

During t h e  Last h a l f  of t h e  f i r s t  phase t h e r e  w a s  much em- 
phas i s  on t h e  de t e rmina t ion  of t he  s ta t i s t ica l  d i s t r i b u t i o n  of 
weld s t r e n g t h s  a t  s e l e c t e d  machine s e t t i n g s  f o r  each th i ckness  
combination. Comparisons of s h e a r  t es t  and p e e l  t es t  specimens 
( s i n g l e  p u l l  t ens ion )  showed t h a t  p e e l  tes t  specimens optimize 
a t  lower welding h e a t s  t han  s h e a r  specimens. The r a t i o  of shea r -  
t o -pee l  s t r e n g t h  is a f a c t o r  which can range up t o  15: l  i n  some 
materials. The s t anda rd  d e v i a t i o n  of p e e l  specimens is  l a r g e r  
t han  equ iva len t  shea r  specimens . This  c h a r a c t e r i s t i c  behavior 
i s  i n d i c a t i v e  of a system ve ry  s e n s i t i v e  t o  process  v a r i a b l e s .  
The d a t a  was used t o  r e v i s e  weld machine s e t t i n g s  so  t h a t  small 
p e r t u r b a t i o n s  i n  parameter s e t t i n g s  would no t  r e s u l t  i n  i n f e r i o r  
welds ,  

Welding machine c e r t i f i c a t i o n s  w e r e  a l s o  performed a t  t h i s  
t i m e .  Some progress  w a s  made i n  t h e  weld process  development 
f o r  t h e  0.002 t o  0.016 t o  0.002-in. sandwich used i n  t h e  "F" 
c o n f i g u r a t i o n  d e t e c t o r s .  The p e e l  shee t  enhanced our a b i l i t y  
t o  o b t a i n  c o n s i s t e n t l y  s t r o n g  welds and i t s  use  was recognized 
by NASA-LRC. 
shape i n  c r o s s  s e c t i o n ,  as seen i n  f i g u r e  59, produced h ighe r  
and more c o n s i s t e n t  s t r e n g t h  r e s u l t s  t han  t h e  c lass ical  rectangu-  
lar nugget f o r  t h i s  c o n f i g u r a t i o n .  

During t h i s  pe r iod  t h e  welds t h a t  had a "dog-bone" 

Brazing development i n  the  l a t t e r  h a l f  of t h e  f i r s t  phase 
w a s  l i m i t e d  t o  t h e  "F" c o n f i g u r a t i o n  as a p o s s i b l e  backup t o  
resistance welding development i n  t h a t  c o n f i g u r a t i o n .  The re- 
s u l t s  were mixed. 
s t a i n l e s s  s tee l  by u s i n g  less b raze  a l l o y  and by r e f i n i n g  t h e  
t i m e  temperature c y c l e  of t h e  p rocess ,  Specimens w e r e  made t h a t  
had high s t r e n g t h  j o i n t s  which, when t e s t e d  t o  f a i l u r e ,  f a i l e d  
i n  t h e  pa ren t  m e t a l  r a t h e r  t han  i n  t h e  braze.  The specimens, 
however, were s t i l l  h igh ly  oxidized i n  appearance and had incon- 
s i s t e n t  s u r v i v a l  t i m e s  i n  p re s su re  c y c l i n g  ( f a t i g u e )  tests.  

Progress  w a s  made i n  reducing e r o s i o n  of t h e  
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Figure  59 a - Three-Play Weld showing "Dog-Bone'' Appearance 
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Tooling.-  Ea r ly  t o o l i n g  requirements c o n s i s t e d  of a l a r g e  
number of polypropolene t e m p l a t e s  d r i l l e d  out i n  the  d e t e c t o r  
j o i n t  p a t t e r n s .  These were used t o  guide the welding e l e c t r o d e s  
t o  the  s p e c i f i e d  p a t t e r n s  f o r  both spo t  and seam welded subs i ze  
d e t e c t o r s .  Material handl ing t o o l s  were a l s o  made e a r l y  i n  t h e  
program. P l a s t i c - l i n e d  plywood box racks w e r e  made up t o  handle  
t h e  0.001, 0.002, 0.008, and 0.016-in. c o i l s  of s t a i n l e s s  s tee l .  
One of t hese  i s  shown i n  f i g u r e  60. Figure 61  shows one of t h e  
A-frame t r u c k s  made f o r  moving f u l l - s i z e  d e t e c t o r  d e t a i l s .  A 
t e m p l a t e  f o r  chem-milling t h e  j o i n t  p a t t e r n  of one of t h e  f u l l -  
s i z e  d e t e c t o r  c o n f i g u r a t i o n s  is  shown on t h e  t r u c k .  Metal frame 
forms with clamps were made up i n  t h e  two b a s i c  d e t e c t o r  s i z e s  
t o  hold t h e  d e t e c t o r  d e t a i l s  during spo t  welding and subsequent 
edge d r i l l i n g .  A s  t h e  cand ida te  f u l l - s i z e  designs w e r e  r e l e a s e d ,  
polypropolene templates were made up wi th  t h e  j o i n t  p a t t e r n  a r r a y  
t o  guide weld l o c a t i o n s .  Figures  62 and 63 show a 12x40 i n .  and 
a 40x49 i n ,  t empla t e ,  r e s p e c t i v e l y .  These t e m p l a t e s  were clamped 
toge the r  i n  t h e  m e t a l  frames t o g e t h e r  w i t h  t h e  s t a i n l e s s  s t ee l  
t a r g e t  shee t  d e t a i l s ,  as shown i n  f i g u r e  64. The e n t i r e  assembly 
i s  r o l l e d  on a special  Cable ( a l s o  i n  f i g .  64) t o  f a c i l i t a t e  t he  
l a r g e  number of welding o p e r a t i o n s .  Seam welding o f  the d e t e c t o r  
edges w a s  done subsequent t o  welding t h e  p a t t e r n  i n  t h e  t a r g e t  
f i e l d .  A special  t a b l e  w i t h  nylon r o l l e r s  shown i n  f i g u r e  65 
w a s  used f o r  seam welding. Tooling a l s o  supported Engineering 
Test i n  the  f a b r i c a t i o n  of p a r t  of t he  p re s su re  cyc le  t es t  f i x -  
t u r e ,  

Some s p e c i a l i z e d  forming t o o l s  were made du r ing  t h i s  phase. 
D i e  sets t o  form t h e  f l ange  o r  "volcano" i n  t h e  t a r g e t  s h e e t s  
i n t o  which t h e  p re s su re  switch would be welded are shown i n  f i g -  
u r e  66. F igu res  67 and 68 show two s t e p s  i n  t h e  forming ope ra t ion .  
During t h i s  phase ''dummy" p res su re  switches w e r e  used t o  s imulate  
the  mass of  t he  real  p re s su re  switches.  These w e r e  made a t  Martin 
Marietta. Figure 69 shows a d u m y  switch welded i n t o  the  formed 
t a r g e t  s h e e t  volcano. A s p e c i a l  forming t o o l  w a s  a l s o  made f o r  
t he  remotely mounted p res su re  switch as designed f o r  conf igu ra t ions  
"Brc and "F" l a t e  i n  t h e  f i r s t  phase. This  t o o l  and t h e  formed cup 
are shown i n  f i g u r e  70. Two p iece  frames were a l s o  made up t o  
r e s t r a i n  t h e  d e t e c t o r s  from warping du r ing  p res su re  expansion. 
These were he ld  i n  a 150-ton h y d r a u l i c  p l a t e n  p r e s s  du r ing  t h e  
p r e s s u r i z a t i o n .  Figure 7 1  shows a r e s t r a i n i n g  frame wi th  a 12x40- 
i n .  d e t e c t o r .  An automatic  welding t o o l  w a s  designed and b u i l t  
t o  w e l d  p re s su re  switches i n t o  e i t h e r  t he  r a i s e d  volcano f l ange  
o r  t h e  formed cup depending on t h e  d e t e c t o r  conf igu ra t ion .  This  
t o o l  i s  shown on f i g u r e  72. 
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Figure 62.- Vinyl Spot Welding Template, 12x40 in. 

Figure 6 3 . -  Vinyl Spot Welding Template, 40x49 in. 
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Figure 6 4 . -  Spot Welding Showing Table and Frame Holding 
Target Sheets and Vinyl Template 

Figure 65.- Seam Welding Table 
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Figure  66.- P res su re  Switch "Volcano" Form D i e  S e t s  

F igure  6 7. - Forming of P res su re  Switch "Volcano" 
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Figure  6 8 , -  F i n a l  S t ep  i n  Forming of "Volcano" 

F igu re  69.- I n t e g r a l l y  Mounted Dummy Pres su re  Switch 
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Figure 70 .- Switch Cup Forming Tool 

Figure 71.- Restraint Fixture 
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Figure  7 2 , -  Switch Welding Tool 
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During t h e  Prel iminary Design and Development Phase over 
60 t o o l s  were f a b r i c a t e d  inc lud ing  those f o r  t he  c y l i n d r i c a l  "A" 
c o n f i g u r a t i o n ,  which w a s  e l imina ted  be fo re  the  phase ended. 

Detai l  f a b r i c a t i o n  and assembly.- During t h e  f i r s t  phase 
over f i v e  hundred subs i ze  d e t e c t o r s  were f a b r i c a t e d .  Approxi- 
mately two dozen f u l l - s i z e  d e t e c t o r s  w e r e  completely assembled. 
Detail  f a b r i c a t i o n  and p a r t i a l  assembly w a s  made on a n  approxi-  
mately equ iva len t  number of f u l l - s i z e  d e t e c t o r s .  These included 
some of t h e  "A" c o n f i g u r a t i o n ,  which w a s  e l i m i n a t e d ,  and some 
c o n f i g u r a t i o n s  wi th  i n t e g r a l  mount f l anges  t h a t  were made obso- 
l e t e  by des ign  changes. Production p l an  d r a f t s  were formulated 
f o r  t h e  des igns  carr'ied t o  f i n a l  assembly, The adequacy of t h e s e  
p l ans  i n  t u r n  w a s  v e r i f i e d  by t h e  a b i l i t y  t o  f a b r i c a t e  and assem- 
b l e  hardware t o  t h e  plans as w r i t t e n .  Although t h e  d u l l  f i n i s h  
s t a i n l e s s  s t ee l  w a s  s u r p r i s i n g l y  s e n s i t i v e  t o  handl ing and t o o l  
marks, no p a r t i c u l a r  problems were encountered i n  f a b r i c a t i o n  
and assembly du r ing  t h i s  phase. 

Design Development Phase 

Process development .- Surface f i n i s h  mod i f i ca t ion  e x p e r i -  
ments were concluded du r ing  t h i s  phqse. They showed t h a t  vapor 
honing could produce an  a b s o r p t i v i t y - t o - e m i s s i v i t y  r a t i o  approach- 
ing t h e  goa l  of 1.62, but w i th  lower than  t h e  goa l  va lues  of a 
and 6 of 0.65 and 0.40, r e s p e c t i v e l y .  The experiments a l s o  
showed t h a t  vapor honing w a s  n o t  t h i ckness  s e n s i t i v e  and d id  n o t  
remove measurable amounts of material. A s e p a r a t e  r e p o r t ,  MDS- 
10010, Surface F i n i s h  Report ,  w a s  prepared covering t h e  work on 
t h i s  t a s k .  Process development work i n  b raz ing  continued wi th  
some p a r t i c i p a t i o n  from t h e  Balt'imore Div i s ion  of t h e  Mart in  
Marietta Corporat ion.  Excessive a l l o y  flow and t a r g e t  s h e e t  
wr ink l ing  w a s  reduced by modifying t h e  specimen o r i e n t a t i o n  and 
t h e  b raze  cyc le .  Some encouraging p res su re  cyc le  t es t  d a t a  
w e r e  obtained on t h e s e  specimens. Fu r the r  specimen f a b r i c a t i o n  
w a s  d e f e r r e d  t o  await t h e  i n s t a l l a t i o n  and a v a i l a b i l i t y  of a 
l a r g e  vacuum furnace i n  our f a c i l i t y .  During t h i s  per iod suc- 
c e s s f u l  d i f f u s i o n  bonds w e r e  made, but  the specimens were m e t a l -  
l u r g i c a l l y  degraded and had low pee l  s t r e n g t h .  

A r e s i s t a n c e  s p o t  welding machine wi th  s p e c i a l  f e a t u r e s  
u s e f u l  t o  welding t h e  th ree -p ly  "F" c o n f i g u r a t i o n  w a s  i n s t a l l e d  
du r ing  t h i s  phase. I n i t i a l  r e s u l t s  were n o t  ve ry  encouraging 
because of t h e  phenomenon of t i n y  marg ina l ly  welded regions 
occur r ing  immediately ad jacen t  t o  t h e  weld s p o t .  These would 
tear  ou t  du r ing  p r e s s u r i z a t i o n  and produce l e a k s  i n  t h e  d e t e c t o r .  
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Changes t o  t h e  welding e l e c t r o d e  geometry e l imina ted  t h i s  de- 
f e c t .  During t h i s  phase an  overspot  weld process  w a s  developed 
f o r  e l2minat ing s m a l l  l e aks  i n  s e a m  welded c o r n e r s .  The shunt ing 
of weld c u r r e n t  as t h e  wheels crossed over t h e  f i r s t  seam w a s  t he  
l i k e l y  cause of t h e  l e a k  caus ing  d i s c o n t i n u i t y .  The overspot w a s  
s u c c e s s f u l l y  developed, r a t h e r  t han  change t h e  s e a m  weld parame- 
ters t h a t  were optimum i n  a l l  o t h e r  r e s p e c t s .  The use of a pee l  
s h e e t  i n  seam welding the  edges of t h e  "F" c o n f i g u r a t i o n  w a s  
decided du r ing  t h i s  phase. A p e e l  s h e e t  over t h e  seam weld had 
t h e  s a m e  advantage h e r e  as when used i n  spo t  welding; i t  allowed 
the  h e a t  t o  be increased t o  o b t a i n  a s t r o n g e r  j o i n t  without  pro- 
ducing molten m e t a l  expu l s ions  a t  t h e  s u r f a c e .  

Tooling. - Machined d i e s  f o r  exp los ive  forming of t h e  "D2" 
and "E2" c o n f i g u r a t i o n s  were completed and t a r g e t  s h e e t s  w e r e  
s u c c e s s f u l l y  formed. The d i e  wi th  a t h i n  s h e e t  of p l a s t i c  f i l m  
over i t  i s  shown i n  t h e  exp los ive  forming f i x t u r e  i n  f i g u r e  7 3 .  
The interchangeable  co rne r s  which al low one d i e  t o  be used f o r  
both t a r g e t  s h e e t s  may a l s o  be seen i n  the  photograph. 

De tec to r s  manufactured i n  the  f i r s t  phase used dummy p res su re  
switches welded i n  place be fo re  p re s su re  expansion. The real 
p res su re  switches could n o t  be exposed t o  t h e  forming p res su res  
and were t o  be welded i n t o  the  d e t e c t o r s  a f t e r  t h i s  ope ra t ion .  
The re fo re ,  removable s e a l i n g  t o o l s  w e r e  r equ i r ed  t o  c l o s e  the  ho le  
t o  be used f o r  t h e  switch du r ing  p res su re  forming. One of t hese  
t o o l s  is shown on f i g u r e  7 4 .  S t r e t c h i n g  o f  t h e  m e t a l  i n  explo-  
s i v e  forming l e f t  a n  excess of m e t a l  a t  t h e  edges,  r e s u l t i n g  i n  
waviness of t h e  edge. This  c o n d i t i o n  made seam welding of t h e  
edges d i f f i c u l t  s i n c e  t h e  two p l i e s  were n o t  i n  in t ima te  c o n t a c t .  
The edges were s u c c e s s f u l l y  s t r a i g h t e n e d  us ing  d i e s  made f o r  t he  
T i t a n  program ( f i g .  7 5 ) .  Compressing of t h e  edge "shrank" t h e  
excess  m a t e r i a l  l e f t  du r ing  exp los ive  forming. 

During the  l a s t  h a l f  of t h e  f i r s t  phase des ign  of t h e  f u l l -  
s i z e  a c c e l e r a t e d  l i f e  c y c l e  t e s t  f i x t u r e  w a s  completed. The f i r s t  
f u l l - s i z e  module planned f o r  use i n  a check ou t  t es t  i n  the  vacuum 
chamber w a s  f a b r i c a t e d  du r ing  t h e  Design Development Phase. This  
module i s  shown i n  f i g u r e  7 6 .  One of t h e  qua r t z  h e a t i n g  lamp 
banks is shown a t  t h e  top  o f  t h e  p i c t u r e  wi th  t h e  d e t e c t o r  holding 
frame i n  f r o n t .  The c a b l e  mechanism f o r  lowering the  d e t e c t o r  
frame i n t o  t h e  co ld  ba th  i s  a l s o  v i s i b l e .  C o i l s  t o  c a r r y  l i q u i d  
n i t r o g e n  are loca ted  i n  each of t h e  tandem t ank  s e c t i o n s  below 
the  h e a t i n g  lamps. Metal templates  f o r  match d r i l l i n g  of t h e  
d e t e c t o r s  and mounts w e r e  made du r ing  t h i s  phase. Figure 77  shows 
one of t h e s e  templates .  S p e c i a l  neoprene-coated sc reen  s e p a r a t o r s  
w e r e  made t o  handle  batches of t a r g e t  co re  and bumper s h e e t  material 
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F i g u r e  74.- Pressu re  Switch Block O f f  Tool  

F igu re  75.-  Squeeze D i e  I n s t a l l e d  on Bliss P res s  
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Figure  76.- Acce lera ted  L i f e  Cycle F i x t u r e ,  F i r s t  Module 
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Figure 77,- 12x40-in. Detector and Mount Drill Template 

Figure 78.- 12x40-ine Cleaning and Handling Fixture 
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i n  t he  c l e a n i n g  and p a s s i v a t i n g  sequences. These were loca ted  
i n  a frame t h a t  he ld  t h e  s h e e t s  s ecu re ly  du r ing  t h e s e  ope ra t ions .  
Figure 7 8  shows t h i s  f i x t u r e  comprising t h e  frame and sc reens .  

Detail f a b r i c a t i o n  and assembly. - Eighteen f u l l - s i z e  d e t e c -  
t o r s  w e r e  f a b r i c a t e d  du r ing  the  Design Development Phase. Data 
were gathered on t h e  f a b r i c a t i o n  and t o o l i n g  requirements of each 
c o n f i g u r a t i o n .  The "F" c o n f i g u r a t i o n  had approximately t h r e e  
t i m e s  t he  number of f a b r i c a t i o n  o p e r a t i o n s  as t h e  s impler  con- 
f i g u r a t i o n s .  The "Brc and preformed "E2" and "D2" were nex t  i n  
f a b r i c a t  i o n  complexity.  

During t h i s  phase a l l  t h e  f a b r i c a t i o n  Process Plans were 
reviewed and updated be fo re  t h e i r  i n c l u s i o n  i n  the  Production 
Plan submitted t o  NASA-LRC. A t  t he  r eques t  of NASA-LRC t h e  Pro- 
cess Plans f o r  each c o n f i g u r a t i o n  were augmented by d e t a i l e d  flow 
c h a r t s  made d i r e c t l y  from t h e s e  p l a n s .  Th i s  f a c i l i t a t e s  s tudy ing  
t h e  manufacturing i n s p e c t i o n  and t e s t i n g  ope ra t ions  f o r  e f f i c i e n c y  
of t he  flow. 

Manufacturing and Test Phase 

Process development.- Welding process development comprised 
r o u t i n e  c e r t i f i c a t i o n s  of some of t h e  material combinations n o t  
c e r t i f i e d  du r ing  t h e  second phase. These were p r i m a r i l y  spec- 
i a l i z e d  welds i n  t h e  p re s su re  switch and bumper shee t  b racke t s  
of t h e  "F" and rrB'r c o n f i g u r a t i o n s  . The o t h e r  and major area of 
weld process  development w a s  f o r  spo t  welding t a r g e t  s h e e t s  f o r  
t h e  "F" pane l s .  None of t he  f i v e  'IF" panels  made f o r  development 
t e s t i n g  w a s  s u c c e s s f u l  i n  a l l '  t he  tes ts .  An e x t e n s i v e  e x p e r i -  
mental  program w a s  s t a r t e d  t o  determine what caused t h e  m e t a l  
expu l s ions  o r  " s p i t s "  du r ing  welding t h a t  produced l e a k s  i n  t h e  
d e t e c t o r s  and t o  e l i m i n a t e  t h e  causes .  D iagnos t i c  measurements 
of a l a r g e  number of weld ope ra t ions  l e d  t o  t h e  discovery t h a t  
s p i t s  always occurred du r ing  t h e  second h a l f  of t he  cyc le  of 
weld, which w a s  t h e  second energy pu l se .  A h a l f - c y c l e  weld 
schedule  was then  developed t h a t  gave j o i n t s  of good s t r e n g t h  
and g r e a t l y  reduced the  frequency of s p i t t i n g .  

An important second f a c t o r  i n  s p i t t i n g  w a s  found t o  be t h e  
speed of t h e  e l e c t r o d e  d e s c e n t ,  A s m a l l  r a p  of t he  e l e c t r o d e s  
t o  the  f i v e - p l y  panel  caused a s l i g h t  c o i n i n g  t h a t  conformed the  
s u r f a c e s  t o  one ano the r .  T h i s  increases t h e  uniformity of cu r -  
rent f l u x  pass ing  a c r o s s  t h e  nugget area, g i v i n g  a uniform 
symmetrical nugget growth and s o l i d i f i c a t i o n  important i n  avoid-  
i ng  s p i t t i n g .  Too much r a p  decreases  e lec t r ica l  resistance and 
t h e  weld s i z e .  
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Experiments a l s o  d i s c l o s e d  low material s u r f a c e  r e s i s t a n c e  
as a t h i r d  f a c t o r .  Weldab i l i t y  w a s  improved by r e p l a c i n g  t h e  
p a s s i v a t i o n  o p e r a t i o n  wi th  a p i c k l i n g  p rocess ,  as w e l l  as l i m i t -  
i ng  t h e  t i m e  between t h i s  c l e a n i n g  and welding t o  12 days.  This  
i n h i b i t s  molten m e t a l  formation a t  t h e  0.002 t o  0.016-in. i n t e r -  
f ace  and enhances t h e  d i f f u s i o n  bond zone around the  nugget a t  
t h e  i n t e r f a c e .  The r e s u l t i n g  j o i n t  showed uniform h igh  s t r e n g t h .  
Approximately 100 000 welds have been made wi th  t h e  new weld 
process  without  any s p i t s  occu r r ing .  A l l  t h r e e  aforementioned 
process  changes combined have allowed a s t anda rd  f o r  e l e c t r o d e  
d r e s s i n g  as r a r e l y  as every 100 welds. I n  p r a c t i c e ,  547 welds 
w e r e  made before. d r e s s i n g  t h e  e l e c t r o d e s  without  s p i t s .  This  
w a s  considered t o  be a n  important s i d e  b e n e f i t  of t he  new weld- 
i ng  process .  Th i s  work i s  discussed i n  d e t a i l  i n  a s e p a r a t e  
r e p o r t ,  MDS-10018, Res i s t ance  Welding Technology Developments 
f o r  t he  MPDD FIA conf igu ra t ion .  

A t  t h i s  t i m e  NASA-LRC suggested s e v e r a l  experiments t o  
determine if changes t o  t h e  f i n i s h ,  t h i ckness ,  or  material of 
t he  p e e l  s h e e t  would r e s u l t  i n  improvements. General ly ,  t h e  2 ,  
4 ,  and 8 m i l ,  whether d u l l  o r  pol ished 21-6-9 o r  304 material, 
when welded t o  the  0.002-in. t a r g e t  would not  p e e l  o € f .  The 
s t anda rd  1-mil- thick 21-6-9 pol ished pee l .  s h e e t  d id  pee l  o f f  
and the  nugget had t h e  customary p e n e t r a t i o n .  I n  t h i s  "dog- 
bone" weld, t h e  nugget obtained wi th  t h a t  p e e l  shee t  had a n a r -  
rower c e n t e r  and a smaller c r o s s  s e c t i o n a l  area. A smaller cast 
volume (lower energy i n p u t )  w a s  a l s o  advantageous i n  reducing 
t h e  s p i t  frequency. 

Experiments w e r e  a l s o  run  changing p e e l  s h e e t s  on s e a m  
welding. These showed t h a t , m a t e r i a l s  t h i n n e r  t han  8 m i l s  tended 
t o  s t i c k  t o  the  t a r g e t ,  sometimes seve re ly .  Also,  u n l e s s  t h e  
s u r f a c e  of t h e  8 - m i l  pee l  shee t  had been po l i shed ,  i t  would 
s t i c k .  The nugget pene t r a t ed  t h e  2-mil t a r g e t  s h e e t  s a t i s f a c -  
t o r i l y .  

E a r l y  i n  t h e  las t  phase experiments w e r e  begun t o  develop 
r e p a i r  t echn iques ,  p a r t i c u l a r l y  f o r  t h e  "F" c o n f i g u r a t i o n ,  where 
one bad weld of 3000 could cause t h e  e n t i r e  panel  t o  be scrapped. 
One specimen used s o l d e r  r e p a i r s .  This  developed a l a r g e  number 
of l e a k s  because of t h e  s t ress  c o r r o s i o n  p r e c i p i t a t e d  by s o l d e r  
f l u x .  The problem was  solved by e l i m i n a t i n g  t h e  use of s o l d e r  
on any hardware. Fu r the r  assurance a g a i n s t  stress c o r r o s i o n  w a s  
obtained by us ing  deionized water t o  c o o l  panels  and wheels of 
both seam welders .  
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Repair tes t  specimens w e r e  made by vacuum b r a z i n g  patches 
over t h e  l e a k  po in t  w i t h  nickel-gold a l l o y .  It w a s  i n d i c a t e d  
t h a t  t h e s e  j o i n t s  w e r e  s t a r v e d .  Add i t iona l  b raze  r e p a i r  e x p e r i -  
ments w i l l  be performed us ing  a l a r g e r  q u a n t i t y  of braze a l l o y .  

One oven braze r e p a i r  w a s  f a b r i c a t e d  u s i n g  s i l v e r  braze 
a l l o y ,  however, because of t h e  d e t r i m e n t a l  e f f e c t  t o  t h e  vacuum 
oven by s i l v e r  d e p o s i t ,  t h i s  r e p a i r  w a s  made i n  a r e t o r t  oven 
and the  r e s u l t i n g  oxide c o a t i n g  precluded proper  mel t ing.  A 
number of p l a s t i c  and epoxy repair  patches were a l s o  t r i e d  but  
w e r e  unsuccess fu l ,  With t h e  development of t h e  new s p o t  weld 
process  f u r t h e r  work on r e p a i r  techniques w a s  h a l t e d .  

Welding i n c o n s i s t e n c i e s  w e r e  found when u s i n g  a new s h i p -  
ment of 21-6-9 material. These i n c o n s i s t e n c i e s  w e r e  solved by 
t h e  a d d i t i o n  of a modified c l e a n i n g  process t h a t  reduced t h e  
material t o  a c o n d i t i o n  where i t  welds without  s p i t t i n g  u s i n g  
t h e  c e r t i f i e d  welding schedules .  The high and v a r i a b l e  resist-  
ance of t h e  new material  w a s  assumed t o  be the  source of t r o u b l e .  
The a b s o l u t e  va lue  of r e s i s t a n c e  and i t s  v a r i a b i l i t y  w e r e  re- 
duced by p i c k l i n g  i n  n i t r i c  and hydro f luo r i c  a c i d .  The material 
was pass iva t ed  and baked a t  275OF. Both of t hese  processes  
inc rease  t h e  res is tance uniformly t o  a few hundred micro-ohms 
a t  which va lue  welding t o  t h e  previously e s t a b l i s h e d  s e t t i n g s  
could be done r e l i a b l y .  This  work i s  r epor t ed  i n  MDS-10016, Tech- 
n i c a l  Reso lu t ion  of MPDD F i n i s h  Welding Problem. 

The f i n a l  set of "F" subs i ze  braze specimens w a s  f a b r i c a t e d  
f o r  tes ts  du r ing  t h i s  pe r iod .  Three nine-spot  specimens w e r e  
brazed wi th  nickel-gold a l l o y  i n  t h e  new vacuum furnace and w e r e  
forwarded f o r  t e s t i n g .  These.  specimens developed l eaks  b e f o r e  
completing t h e  p r e s s u r e  c y c l i n g  t e s t ,  Following t h e  s u c c e s s f u l  
development of a new improved spo t  welding schedule f o r  t he  "F" 
c o n f i g u r a t i o n ,  t h e  backup b raz ing  development e f f o r t  w a s  d i scon-  
t inued . 

One unan t i c ipa t ed  d i f f i c u l t y  t h a t  occurred la te  i n  t h e  
second phase w a s  e l imina ted  i n  the  f i n a l  phase. The "F" and "B" 
c o n f i g u r a t i o n s  used a d i f f e r e n t  f i l l  t ube  f i t t i n g  than the  o t h e r  
d e t e c t o r s .  This  f i t t i n g  had a l a r g e  square base t o  p i ck  up spo t  
welds through t o  a backup p l a t e  on t h e  oppos i t e  t a r g e t  s h e e t .  
The f i t t i n g  i t s e l f  w a s  r i n g  welded t o  only one t a r g e t  f a c e .  It 
w a s  not  p o s s i b l e  t o  machine t h e  t h i n  l a r g e  base t o  t h e  t i g h t  
t o l e r a n c e ,  p a r a l l e l i s m ,  and f i n i s h  necessary t o  o b t a i n  a good 
l e a k - f r e e  r i n g  weld. The l eaks  were minute and u s u a l l y  developed 
a f t e r  t h e  d e t e c t o r  had been f a b r i c a t e d .  A t  t h a t  po in t  it w a s  
n o t  p o s s i b l e  t o  go over t h e  r i n g  weld. The problem w a s  solved 
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by us ing  a s t anda rd  round f i l l  tube f i t t i n g  w i t h i n  a s e p a r a t e  
square washer t o  p i ck  up t h e  suppor t ing  s p o t  welds.  The t i g h t  
t o l e r a n c e  i n  t h i c k n e s s ,  p a r a l l e l i s m ,  and f i n i s h  e s s e n t i a l  t o  a 
s e a l i n g  r i n g  weld,  were obtained wi th  relative ease i n  t h e  round- 
based f i t t i n g .  

A new process  development t a s k  w a s  t h e  e s t ab l i shmen t  of 
s p o t  and seam weld schedules  f o r  t h r e e  new 21-6-9 s t a i n l e s s  s tee l  
th i ckness  combinations being considered f o r  d e t e c t o r s  flown piggy- 
back on t h e  o u t s i d e  of a S a t u r n  s t a g e .  

The f i n a l  tcrsk w a s  t h e  development of a f i l l  tube pinchoff  
and seal  process .  This  used a spo t  welder t o  f l a t t e n  t h e  tube 
and form a d i f f u s i o n  bond t h a t  a c t e d  as a temporary seal u n t i l  
t he  end of t h e  tube w a s  f u s i o n  welded. A weld schedule and spec- 
i a l  o f f s e t  weld e l e c t r o d e s  were developed f o r  t h i s  ope ra t ion .  
Process development personnel  a l s o  c o n t r i b u t e d  t o  major s e c t i o n s  
of t h e  s p e c i f i c a t i o n s  prepared by Engineering f o r  t h e  MPDD con- 
tract .  This  e f f o r t  w a s  performed i n  a l l  phases culminat ing i n  a 
major review and update i n  t h e  last  phase be fo re  s u b m i t t a l  of 
t h e  f i n a l  v e r s i o n  of t h e  Production Plan. 

Tooling.-  A number of new t o o l s  were made f o r  t h e  modified 
1 1  I I  F c o n f i g u r a t i o n .  These t o o l s  allowed each d e t e c t o r  h a l f  t o  be 
f a b r i c a t e d  s e p a r a t e l y  and then  s p l i c e d  t o g e t h e r .  Figure 79 shows 
t h e  assembly f i x t u r e  f o r  d r i l l i n g  t h e  d e t e c t o r s  f o r  t he  r i v e t e d  
s p l i c e .  A s p e c i a l  t o o l  w a s  a l s o  designed and b u i l t  t o  permit t h e  
p re s su re  expansion of d e t e c t o r s  i n t o  a s l i g h t l y  curved shape 
e q u i v a l e n t  t o  t h e  c u r v a t u r e  of t h e  Sa tu rn  S-IVB. This  i s  shown 
on f i g u r e s  80 and 81. F l a t  unpressurized d e t e c t o r s  were put  i n  
between t h e  curved p l a t e s .  The t o o l  w a s  t hen  assembled and 
clamped i n  a h y d r a u l i c  p r e s s .  The d e t e c t o r s  w e r e  t hen  p res su r i zed  
and wi th  a proper  allowance f o r  spr ingback they  r e t a i n e d  t h e  de- 
s i r e d  cu rva tu re  a f t e r  removal from t h e  t o o l .  

D e t a i l  f a b r i c a t i o n  and assembly.- E f f o r t  du r ing  t h i s  per iod 
c o n s i s t e d  of f a b r i c a t i o n  and assembly of t h e  d e t e c t o r s  f o r  t h e  
v a r i o u s  tes t  programs and f o r  d e l i v e r y  t o  NASA-LRC. A s i n g l e  
ba t ch  b u i l d  w a s  s e l e c t e d  f o r  each c o n f i g u r a t i o n  because t h i s  
o f f e r e d  the  lowest c o s t s .  Detail f a b r i c a t i o n  w a s  f a i r l y  r o u t i n e .  
Except f o r  c o n f i g u r a t i o n  "F" the  des igns  w e r e  e s s e n t i a l l y  iden- 
t i ca l  t o  those b u i l t  i n  t h e  second phase. F a b r i c a t i o n  performance 
w a s  somewhat b e t t e r  t han  p ro jec t ed  from c o s t  d a t a  gathered du r ing  
t h e  b u i l d i n g  of d e t e c t o r s  f o r  t h e  second phase.  
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Figure  80.- S-IVB Subsize Panel  Forming Tool (Disassembled) 

F igu re  81.- S-IVB Subsize Panel Forming 
Tool (Assembled) 
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MPDD TESTING 

The t e s t i n g  program i n  support  of t he  MPDD Program w a s  per-  
formed i n  t h r e e  d i s t i n c t  phases wi th  varying o b j e c t i v e s .  The 
f i r s t  phase of t e s t i n g  occurred du r ing  t h e  Prel iminary Design and 
Development Phase. This  t e s t i n g  b a s i c a l l y  w a s  d i r e c t e d  t o  assess 
des ign  and process  s u r v i v a l  i n  the  area of c r i t i c a l  environments 
t h a t  d i d  not  lend themselves t o  s a t i s f a c t o r y  a n a l y t i c a l  e v a l u a t i o n .  
Therefore  e m p i r i c a l  d a t a  w e r e  gathered t o  more a c c u r a t e l y  select  
those  i n i t i a l  c o n f i g u r a t i o n s  t h a t  would be pursued du r ing  f i n a l  
development. A s  a r e s u l t  of t h i s  gross  des ign  e v a l u a t i o n  o t h e r  
dynamic c h a r a c t e r i s t i c s  t h a t  appeared t o  p re sen t  des ign  problems 
w e r e  noted and i n v e s t i g a t e d .  

The second phase of t e s t i n g  occurred du r ing  t h e  Design Develop- 
ment Phase of t h e  program. Again t h e  b a s i c  o b j e c t i v e  t o  assess 
des ign  and process  s u r v i v a l  c a p a b i l i t y .  This  t e s t i n g  w a s  expanded 
t o  include t o t a l  f u n c t i o n a l  and environmental  e v a l u a t i o n s .  These 
tests w e r e  accomplished a t  f u l l  q u a l i f i c a t i o n  l e v e l s  t o  f u r t h e r  
enhance success  p r o b a b i l i t y  du r ing  t h e  f i n a l  phase of t h e  t e s t i n g  

. program. 

The t h i r d  and f i n a l  phase of  t e s t i n g  occurred du r ing  t h e  
Manufacturing and T e s t i n g  Phase of t h e  program and w a s  o r i e n t e d  
a long  t h e  l i n e s  of a p i l o t  product ion type of test  program. This  
t e s t i n g  included a f l i g h t  assurance test  program, a q u a l i f i c a t i o n  
tes t  program, and a s p e c i a l  a c c e l e r a t e d  l i f e  c y c l i n g  t e s t  program. 
The t e s t i n g  w a s  g e n e r a l l y  accomplished on a go-no/go b a s i s .  How- 
e v e r )  as a r e s u l t  of e m p i r i c a l  test  d a t a ,  l i m i t e d  c o n f i g u r a t i o n  
improvements w e r e  incorporated.  , R e s u l t s  and types of t e s t i n g  
accomplished i n  t h e  t h r e e  phases are summarized i n  t h i s  c h a p t e r .  
I f  d e t a i l e d  in fo rma t ion )  such as a c t u a l  test d a t a  o r  t e s t i n g  t ech -  
n i q u e s )  are r equ i r ed  by the r e a d e r ,  t h e s e  can be obtained i n  t h e  
fol lowing documents. 

Prel iminary Design Evaluat ion Tes t ing :  

1) MPDD Prel iminary Development T e s t  f o r  B1, 
8280-04001 - OP500, da t ed  05/26/67 

2) MPDD Prel iminary Development T e s t  f o r  B l A ,  
8280-04051 - OP500, da t ed  06/20/67 

3 )  MPDD Prel iminary Development T e s t  f o r  B2, 
8280-05001 - OP500, dafied 06/20/67 
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MPDD Prel iminary Development T e s t  f o r  B 3 ,  
8280-06001 - OP500, da t ed  06/20/67 

MPDD Prel iminary Development T e s t  f o r  Cl, 
8280-07001 - OP500, da t ed  06/06/67 

MPDD Prel iminary Development Test f o r  CIA, 
8280-07051 - OP500, da t ed  06/07/67 

MPDD Prel iminary Development T e s t  f o r  C2, 
8280-08001 - OP500, da t ed  06/20/67 

MPDD Prel iminary Development T e s t  f o r  C3B, 
8280-09001 - OP500, da t ed  06/20/67 

MPDD Prel iminary Development T e s t  f o r  DM, 
8280-10001 - OP500, da t ed  06/07/67 

MPDD Prel iminary Development T e s t  f o r  D l B ,  
8280-11001 - OP500, da t ed  06/07/67 

MPDD Prel iminary Development T e s t  f o r  D l C ,  
8280-12001 - OP500, da t ed  06/20/67 

MPDD Pre 1 iminary Development Test f o r  D2A, 
8280-13001 - OP500, da t ed  06/20/67 

MPDD Prel iminary Development T e s t  f o r  D2B, 
8280-14001 - OP500, dated 06/20/67 

MPDD Prel iminary Development T e s t  f o r  D2C , 
8280-15001 - OP500, ' da t ed  06/20/67 

MPDD Prel iminary Development T e s t  f o r  D3A, 
8280-16001 - OP500, da t ed  06/12/67 

MPDD Pre 1 iminary Development T e s t  f o r  D3B, 
8280'-17001 - OP500, da t ed  06/20/67 

MPDD Prel iminary Development T e s t  f o r  D3C,  
8280-18001' - OP500, da t ed  06/20/67 

MPDD Prel iminary Development T e s t  f o r  EM, 
8280-19001 - OP500, da t ed  06/12/67 

MPDD Prel iminary Development T e s t  f o r  E l B ,  
8280-20001 - OP500, da t ed  06/20/67 
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20) MPDD Prel iminary Development T e s t  f o r  E l C ,  
8280-21001 - OP500, dated 06/20/67 

21) MPDD Prel iminary Development T e s t  f o r  E2A2, 
8280-22001 - OP500, dated 06/20/67 

22) MPDD Prel iminary Development T e s t  f o r  E2D, 
8280-23001 - OP500, da t ed  06/20/67 

23) MPDD Prel iminary Development T e s t  f o r  E2C, 
8280-24001 - OP500, dated 06/20/67 

24) MPDD Prel iminary Development T e s t  f o r  E3A, 
8280-25001 - OP500, dated 06/20/67 

25) MPDD Prel iminary Development T e s t  f o r  E3B, 
8280-26001 - OP500, dated 06/20/67 

26) MPDD Prel iminary Development Test f o r  F2, 
8280-27001 - OP500, dated 06/20/67 

27) MPDD Prel iminary Development Test f o r  FIA, 
8280-28001 - OP500, da t ed  06/20/67 

28) MPDD Prel iminary Development T e s t  f o r  F l B ,  
8280-29001 - OP500, dated 06/20/67 

29) T e s t i n g  Report of Conf igu ra t ion  "B" PDD 
De tec to r  E f f o r t  

30) T e s t i n g  Report of Configurat ion "C" PDD 
Detector  E f f o r t  

31) T e s t i n g  Report of Conf igu ra t ion  "D1" PDD 
De tec to r  E f f o r t ,  dated 10/19/67 

32) T e s t i n g  Report of Configurat ions "D2" and 
"D3" De tec to r  E f f o r t ,  dated 11/17/67 

33) T e s t i n g  Report of Configurat ion "El"  PDD 
De tec to r  E f f o r t .  

34) T e s t i n g  Report of Configurat ions "E2" and 
"E3" PDD Detector  E f f o r t ,  dated 11/17/67 

3 5 )  T e s t i n g  Report of Configurat ion "F" PDD 
De tec to r  E f f o r t ,  da t ed  11/16/67 
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36) T e s t  Report  o f  Aero f l ex  Helical Cable I s o l a t o r  
C3-HB410-12 and 6 S t rand  Ladder I s o l a t o r  

18 x 18 Subsize S t i f f n e s s  Evalua t ion  T e s t  
Report 

MDS-10029 S t r a i n  Evalua t ion  Analys is  Report ,  
da ted  10/23/67 

37) 

38) 

Design Evalua t ion  Tes t ing  : 

1) MDS-10001, Development T e s t  P lan ,  da t ed  
10/26/67 - 

2) MPDD Design Development T e s t  f o r  B l A ,  
8280-04051 - OP510, da t ed  11/13/67 

3) MPDD Design Development Test  f o r  BA, 
8280-06051 - OP510, da ted  11/13/67 

4 )  MPDD Design Development T e s t  f o r  C 1 ,  
8280-07061 - OP510, da t ed  11/13/67 

5)  MPDD Design Development T e s t  f o r  C l B ,  
8280-07071 - OP510, da ted  11/13/67 

6) MPDD Design Development T e s t  f o r  D U ,  
8280-10051 - OP510 , dated  11/13/67 

7) MPDD Design Development T e s t  f o r  D2A, 
8280-13001 - OP510, da ted  11/13/67 

8) MPDD Design Development Test f o r  D3A, 
8280-16051 - OP510, da ted  11/13/67 

9) MPDD Design Development T e s t  f o r  EM, 
8280-19051 - OP510, da ted  11/13/67 

10) MPDD Design Development T e s t  f o r  E2C, 
8280-24051 - OP510, da t ed  11/13/67 

MPDD Design Development ?lest f o r  E3A, 
8280-25001 - OP510, da ted  11/13/67 

11) 

12) MPDD Design Development T e s t  f o r  FIA, 
8280-28001 - OP510, da ted  11/13/67 
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MPDD Design Development T e s t  f o r  FlB, 
8280-29001 - OP510, da ted  11/13/67 

MPDD, BLA Panel Design Development T e s t  
Report ,  da ted  08/16/68 

MPDD, C 1  Panel  Design Development Test 
Report , dated  03/13/68 

MPDD, DLA Detec tor  Design Development Test 
Report ,  da ted  02/20/68 

MPDD, D2A Dual Detec tor  Design Development 
T e s t  Report ,  da ted  03/14/68 

MPDD, D3A, Detec tor  Design Development 
T e s t  Report , dated  02/21/68 

MPDD, EM Detec tor  Design Development T e s t  
Report ,  da ted  02/29/68 

MPDD, E26 Dual Detec tor  Design Development 
T e s t  Report ,  da ted  02/23/68 

MPDD, E3A Detec tor  Design Development T e s t  
Report , dated  02/22/68 

MPDD, F U  Panel Design Development Test 
Report  , dated  08/22/68 

MDS-10015 , S o l a r  C e l l  Contamination T e s t  
Report ,  da ted  09/23/68 

Product ion Evalua t ion  Tes t ing :  

1) MDS-10003 , I n t e g r a t e d  T e s t  Plan, 
E N - 2  , da ted  03/06/69 

2) PD7100075-OP520, F l i g h t  Assurance Test ,  
Master Procedure - Pressure  Switch,  
E N - 6  , da ted  03/12/68 

3) PD7100075-OP530, Q u a l i f i c a t i o n  T e s t ,  
Master Procedure - Pressure  Switch,  
EN-1, dated  03/05/68 . 
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PD7100075-OP550, Accelerated L i f e  Cycle 
Test, Master Procedure - MPDD P res su re  
Switch,  da t ed  03/15/69 

P res su re  Switch F l i g h t  Assurance T e s t  
Reports , PD7100075-OP520 Associated 
Data Packages 

Q u a l i f i c a t i o n  T e s t  Report ,  PD7100075-OP530, 
P res su re  Switch,  dated 07/23/68 

Acce le ra t ed  L i f e  Cycle Test  Report ,  
PD71000~5-OP550, Pressure Switch 

F l i g h t  Assurance T e s t ,  Master Procedure 
Meteoroid De tec to r lPane l  - OP520, 
PCN-4, da t ed  03/06/69 

Q u a l i f i c a t i o n  T e s t ,  Master Procedure 
Meteoroid Detector /Panel  - OP530, 
PCN-2, da t ed  03/06/69 

Accelerated L i f e  Cycle T e s t ,  Master 
Procedure Meteoroid D e  tec tor /Pane 1 - 
OP540, PCN-1, 06/27/69 

F l i g h t  Assurance Test Report ,  Meteoroid 
P e n e t r a t i o n  De tec to r  Development - OP520, 
da t ed  07/31/69 

Q u a l i f i c a t i o n  T e s t  Report ,  Meteoroid 
P e n e t r a t i o n  De tec to r  Development - OP530, 
dated 07/31/69 

Accelerated L i f e  Cycle T e s t  Reports , 
Meteoroid P e n e t r a t i o n  De tec to r  Development - 
OP540 . 

Prel iminary Design Eva lua t ion  T e s t i n g  

The Prel iminary Design Evaluat ion T e s t i n g  program w a s  de- 
veloped t o  e v a l u a t e  those environments cr i t ical  t o  t h e  a n t i c i -  
pated des igns  and processes  t h a t  w e r e  used i n  f a b r i c a t i o n  of t he  
p re l imina ry  meteoroid d e t e c t o r s .  This  program w a s  accomplished 
i n  t h r e e  d i s t i n c t  areas: (1) subs ize  d e s i g n  e v a l u a t i o n  tes t ;  
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(2) f u l l - s i z e  d e s i g n  e v a l u a t i o n  tes t ;  and ( 3 )  s p e c i a l  des ign  
t e s t i n g .  The primary o b j e c t i v e s  i n  each of t h e s e  areas are 
d e l i n e a t e d  i n  t h e  fol lowing paragraphs.  

Subsize d e s i g n  e v a l u a t i o n  test.- The primary o b j e c t i v e  of 
t h i s  t e s t i n g  w a s  one of des ign  and f a b r i c a t i o n  process  s u r v i v a l  
when subs i ze  specimens were exposed t o  p re s su re  excursions gen- 
e r a t e d  by nea r -ea r th  o r b i t a l  mission thermal  environments. 
Secondary o b j e c t i v e s  were assessment of s u r v i v a l  by va ry ing  such 
des ign  c h a r a c t e r i s t i c s  a c e l l  spacing and geometry, c e l l  h e i g h t s ,  
d e t e c t o r  s t i f f n e s s ,  and forming p res su res .  

Subsize p re s su re  c y c l i n g  tes t :  The subs i ze  p re s su re  c y c l i n g  
test  w a s  accomplished on specimens of t h e  program designated 
d e t e c t o r  c o n f i g u r a t i o n s  This  tes t  p r i m a r i l y  evaluated pa ren t  
m e t a l  f a t i g u e  i n  t h e  area of spot  weld nodes and p e r i p h e r a l  seam 
welds.  These specimens were f u r t h e r  used t o  determine t h e  most 
s u i t a b l e  spo t  spacing and expansion h e i g h t s .  Add i t iona l  b e n e f i t s  
de r ived  from t h i s  t e s t i n g  were the  accumulation of r e l i a b i l i t y  
d a t a  and assessment of r e s i d u a l  material s t r e n g t h .  The r e s i d u a l  
s t r e n g t h  w a s  obtained by b u r s t i n g  several specimens t h a t  had n o t  
been p res su re  cyc led ,  and then  b u r s t i n g  o t h e r  specimens of t h e  
same c o n f i g u r a t i o n  a f t e r  being exposed t o  p re s su re  c y c l i n g .  

The test s e t u p  ( f i g s .  82 and 83) simulated t h e  d e t e c t o r  
i n t e r n a l  p re s su re  excur s ion  a n t i c i p a t e d  du r ing  a nea r -ea r th  
o r b i t a l  mission.  These excursions are t h e  r e s u l t  of t h e  thermal 
environment experience when a n  o r b i t i n g  s p a c e c r a f t  e n t e r s  o r  
ex i t s  t h e  e a r t h  shadow. The i n i t i a l  test  c o n d i t i o n s  w e r e  e s t a b -  
l i s h e d  as a go-no/go f a t i g u e  test where t h e  specimens were ex- 
posed t o  s u f f i c i e n t  p re s su re  cycles t o  s imula t e  fou r  o p e r a t i o n a l  
l i f e t i m e s .  The second test  cond i t ions  w e r e  t o  expose o the r  
specimens t o  a s i n g l e  expected l i f e t i m e  of p re s su re  c y c l e s ,  and 
then  p r e s s u r i z e  them t o  b u r s t  l e v e l s  t o  assess r e s i d u a l  s t r e n g t h .  
T e s t  cr i ter ia  dur ing  t h e s e  tes t  were: (1) pres su re  excursions 
of 14.0 p s i g  t o  49.3 p s i g ;  (2) i n i t i a l  c y c l e  d u r a t i o n  of 80 000 
c y c l e s ;  and (3 )  second c y c l e  d u r a t i o n  of 2 1  344 c y c l e s .  A sum- 
mary of t h e  i n d i v i d u a l  c o n f i g u r a t i o n  p res su re  cyc le  t e s t  r e s u l t s  
i s  presented i n  t h e  fol lowing paragraphs.  

F i f t y - e i g h t  subs i ze  "B" c o n f i g u r a t i o n  specimens were sub- 
j e c t e d  t o  p re s su re  cyc l ing .  Of t h i s  number, 15 were p res su r i zed  
t o  b u r s t  a f t e r  completion of 2 1  344 c y c l e s .  Of the  remaining 43 
specimens, 29 f a i l e d  du r ing  p res su re  cyc l ing .  
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Forty-nine subs i ze  "C" c o n f i g u r a t i o n  specimens were sub- 
j e c t e d  t o  p re s su re  c y c l i n g .  Nineteen of t h e s e  specimens were 
cycled t o  60 000 c y c l e s  o r  f a i l u r e .  The remaining 30 specimens 
were cycled t o  2 1  344 c y c l e s  or  f a i l u r e  and then  b u r s t ,  Of the  
1 9  i t e m s ,  s i x  f a i l e d  p re s su re  cyc l ing .  Of t h e  30 i t e m s ,  18 
f a i l e d  p re s su re  c y c l i n g .  

T h i r t y - f o u r  subs i ze  "D1" c o n f i g u r a t i o n  specimens w e r e  sub- 
j e c t e d  t o  p re s su re  cyc l ing .  Of t h i s  number, 15 i t e m s  were p res -  
su r i zed  t o  b u r s t  a f t e r  completion of 21 344 c y c l e s .  
remaining 19 specimens, 3 f a i l e d  du r ing  p res su re  c y c l i n g ,  

Of t h e  

Twenty-one '!D3" subs i z e  c o n f i g u r a t i o n  specimens w e r e  sub- 
j e c t e d  t o  p re s su re  c y c l i n g .  Eleven of t h e s e  specimens w e r e  
cycled t o  60 000 c y c l e s  o r  t o  f a i l u r e .  Of t h e s e  11 i t e m s ,  two 
f a i l e d  p re s su re  c y c l i n g .  Ten "D3" specimens were sub jec t ed  Po 
2 1  344 c y c l e s  or  t o  f a i l u r e  and then  b u r s t .  A l l  t e n  of t h e s e  
i t e m s  passed p res su re  c y c l i n g .  
w e r e  sub jec t ed  t o  b u r s t  p re s su re  only. 

An a d d i t i o n a l  t e n  "D2" specimens 

Thir ty-seven subs i ze  "E l"  specimens w e r e  sub jec t ed  t o  p re s -  
s u r e  c y c l i n g .  Of t h i s  number, 25 were p res su r i zed  t o  b u r s t  a f t e r  
completion of 2 1  344 c y c l e s .  One of t h e  25 specimeos f a i l e d  
du r ing  p res su re  cyc l ing .  Of the  remaining 12 specimens, t h r e e  
f a i l e d  du r ing  p res su re  cyc l ing .  A l l  of t h e s e  specimens were 
f a b r i c a t e d  of 304 s t a i n l e s s  steel ,  a material t h a t  w a s  replaced 
by 21-6-9 s t a i n l e s s  s tee l .  

Twenty-four "E3" subs i ze  specimens were subjected t o  p re s -  
s u r e  c y c l i n g .  Fourteen of t h e s e  specimens were cycled t o  60 000 
c y c l e s  o r  t o  f a i l u r e .  O f  t h e s e  14 i t e m s ,  two i t e m s  f a i l e d  p re s -  
s u r e  c y c l i n g .  Ten of t hese  i t e m s  were cycled t o  21 344 c y c l e s  
o r  t o  f a i l u r e  and t h e  b u r s t .  Of these  t e n  i t e m s ,  two f a i l e d  

t o  b u r s t  p re s su re  only.  
I pres su re  c y c l i n g .  An a d d i t i o n a l  t e n  "E2" specimens w e r e  sub jec t ed  

Forty-four  subs i ze  "F" conf igu ra t ion  specimens were subjected 
t o  p re s su re  c y c l i n g .  Of t h i s  number, 23 i t e m s  w e r e  sub jec t ed  t o  
a c y c l i n g  and b u r s t  tes t  of 21 344 c y c l e s .  Of t h e s e  2 3 ,  e i g h t  
i t e m s  f a i l e d  c y c l i n g  t e s t i n g .  Of the  remaining 21 specimens, 12 
f a i l e d  du r ing  p res su re  cyc l ing .  

S t r e s s  e v a l u a t i o n  test:  A subs i ze  experimental  stress 
i n v e s t i g a t i o n  tes t  w a s  performed t o  assess t h e  s t r u c t u r a l  be- 
hav io r  of a pressure-formed d e t e c t o r  c o n f i g u r a t i o n .  The objec- 
t ives of t h i s  t e s t  were t o :  (1) determine what t h e  p re s su re -  
s t r a i n  r e l a t i o n  w a s  a t  s i g n i f i c a n t  specimen l o c a t i o n s ;  ( 2 )  
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e v a l u a t e  elastic stress range subsequent t o  
and ( 3 )  o b t a i n  an  estimate of t h e  t o t a l  s tra 
p res su re  forming ope ra t ions .  The t e s t  o b j e c t i v e s  were accom- 
p l i shed  u s i n g  a subs i ze  d e t e c t o r  w i th  s t r a i n  gage instrumentat ion.  

The test s e t u p  ( f i g .  84) f o r  t h e  i n i t i a l  e v a l u a t i o n  cons i s t ed  
of instrumenting the  specimen t h a t  had been p res su re  formed t o  
140 ps ig .  S t r a i n  gages were app l i ed  wi th  no p res su re  i n  t h e  
panel .  S t r a i n  r ead ings  were t h e n  recorded du r ing  p res su re  a p p l i -  
c a t i o n  incremental ly  t o  160 p s i g .  A second panel  was t e s t e d  t o  
demonstrate t h a t  p i l l ow h e i g h t s  developed by incremental  p re s su re  
s t e p s  are t h e  same as those f o r  one p r e s s u r i z a t i o n  from z e r o  t o  
t h e  forming p res su re .  The p res su re  forming tes t  used a small 
photoetch g r i d  but provided no a d d i t i o n a l  q u a n t i t a t i v e  s t r a i n  
d a t a ,  o t h e r  than i n d i c a t i n g  no ex tens ive  r eg ions  of l a r g e  p e r -  
manent s t r a i n  du r ing  p res su re  forming. 

Th i s  tes t  y i e lded  t h e  fol lowing summary r e s u l t s :  

P re s su re  forming causes  y i e l d i n g  and permanent d e f o r -  
mation t h a t  i s  somewhat uniform a t  a l l  l o c a t i o n s  on 
t h e  pane l ;  

The l a r g e s t  va lue  of permanent se t  occurs ad jacen t  t o  
t h e  spo t  weld i n  a r a d i a l  d i r e c t i o n ;  

Increased forming p res su res  reduce s t r a i n  a t  p re s su res  
less than  t h e  forming p res su re  because of a n  improvement 
i n  p i l l ow shape; 

S t r e s s e s  due t o  p re s su re  1 / 2  of t he  forming p res su re  
are completely e l a s t i c ,  except  f,or t h e  material ad jacen t  
t o  the  spo t  weld; 

Stresses a t  proof p re s su re  of 54 p s i g  are less than 
40 000 p s i  f o r  t h e  e n t i r e  specimen; 

Pi l low forming i n  one p res su re  a p p l i c a t i o n  i s  i d e n t i c a l  
t o  incremental  a p p l i c a t i o n  i n  t h e  forming process .  

S t i f f n e s s  e v a l u a t i o n  test:  The s t i f f n e s s  e v a l u a t i o n  test  
on t h e  18x18-in. subs i ze  MPDD d e t e c t o r s  had s e v e r a l  primary 
o b j e c t i v e s .  These o b j e c t i v e s  were’to e v a l u a t e  t h e  e f f e c t s  on 
t a r g e t  s h e e t  and p e r i p h e r a l  loading,  as w e l l  as the  change i n  
t h e  fundamental mode and f i r s t  and second harmonics when des ign  
parameters were changed on t h e  tes t  specimens. During the  t e s t  
ce l l  h e i g h t ,  c e l l  spacing,  and c e l l  geometry were v a r i e d .  The 
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Figure 84.- Experimental Setup 
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specimens w e r e  exposed t o  s i n u s o i d a l  v i b r a t i o n  t e s t i n g  and t h e  
aforementioned e f f e c t s  measured. 

The tes t  w a s  set up ( f i g .  85) w i t h  t h e  test f i x t u r e  and tes t  
specimen mounted on a v i b r a t i o n  exciter wi th  t h e  c o n t r o l  accel- 
erometer mounted on t h e  bottom s i d e  of t h e  v i b r a t i o n  f i x t u r e  
d i r e c t l y  under one of t he  test specimen mounting p o i n t s .  The 
monitor accelerometer  w a s  mounted i n  t h e  center of t he  t e s t  s p e c i -  
men. The tes t  cond i t ions  used du r ing  t h i s  t es t  were a n  e x c i t e r  
i npu t  o f :  (1) frequency, 5 t h r u  2000 Hz; (2) ampli tude,  0 .3  i n .  
double amplitude (DA) + 0.015 i n .  DA from 5 t o  36 Hz,  t h r u  3 g 
peak + 0.5 g peak from-36 t o  2000 Hz;  and (3)  a sweep rate - 
app l i zd  manually akd s u f f i c i e n t l y  slow t o  i d e n t i f y  the  occurrence 
of resonances.  The tes t  sequence w a s  t hen  t o  apply p r e s s u r e ,  
measure the  p i l l ow h e i g h t ,  and then  perform a 3 g resonance 
sea rch .  

Th i s  t es t  involved e i g h t  d i f f e r e n t  panel  c o n f i g u r a t i o n s  fab-  
r i c a t e d  wi th  0.008-in.  t a r g e t  s h e e t s .  The gene ra l  t es t  r e s u l t s -  
from t h e  102 tes t s  i n d i c a t e d  t h a t  t h e  p i l l ow h e i g h t s  and c e l l  
geometry t h a t  c r e a t e d  the  s t i f f e s t  t es t  c o n f i g u r a t i o n  a l s o  gen- 
e r a t e d  the  h i g h e s t  p e r i p h e r a l  dynamic loads.  The re fo re ,  t h e s e  
were no t  t h e  most d e s i r a b l e  c o n f i g u r a t i o n s  f o r - t h e  f i n a l  design.  

F u l l - s i z e  e v a l u a t i o n  t e s t i n g .  - The primary o b j e c t i v e  of 
t h i s  t e s t i n g  w a s  p r i n c i p a l l y  t h e  same as t h e  subs i ze  e v a l u a t i o n ,  
t h a t  of a s s e s s i n g  t h e  s u r v i v a l  c a p a b i l i t y  of t h e  b a s i c  des ign  and 
t h e  f a b r i c a t i o n  processes  used. This  was accomplished on the 
complete family of d e t e c t o r s  and included proof p re s su re ,  l eak  
t e s t i n g ,  and v i b r a t i o n  and a c o u s t i c  t e s t i n g .  In  a d d i t i o n ,  o t h e r  
c r i t i c a l  des ign  parameters such as measurement of d e t e c t o r  dy- 
namic c h a r a c t e r  i s  t ics and t ransmis s ab il it y , p e r i p h e r a l  1 oad ing  , 
bumper s h e e t  d e f l e c t i o n ,  and e v a l u a t i o n  of bumper shee t  mounting 
techniques were a l s o  i n v e s t i g a t e d .  

Design and process  e v a l u a t i o n  t e s t i n g :  This  t e s t  series 
w a s  designed t o  e v a l u a t e  the  a b i l i t y  of t h e  v a r i o u s  f u l l - s i z e  
d e s i g n  and f a b r i c a t  i on  processes  t o  su rv ive  c r i t i ca l  dynamic 
environments while a t  t h e  same t i m e  measuring i n d i v i d u a l  des ign  
resonance and t r ansmiss ion  c h a r a c t e r i s t i c s .  I n  a d d i t i o n ,  t h e  
f a b r i c a t i o n  processes  were eva lua ted  t o  ensu re  t h a t  c r i t i c a l  
l e a k  cr i ter ia  were w i t h i n  the  scope of t h e  involved welding 
techniques.  Th i s  test  program included t h e  fol lowing tes ts :  
proof p r e s s u r e ,  helium l e a k  tes t ,  r e s i d u a l  gas a n a l y s i s  l e a k  
tes t ,  and out-of-plane s i n u s o i d a l  v i b r a t i o n  t e s t i n g .  
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The proof p re s su re  e v a l u a t i o n  test  eva e f f e c t s  of over- 
p re s su re  cond i t ions  i n  the  pressu  f o r  assessment 
of t he  w e l d  s t r e n g t h  t h a t  bonded i t c h  assembly 
t o  the  d e t e c t o r .  The test  s e t u p  a p p 1 ied a ppr  ox i m a  te 1 y 
55 p s i g  o r  25% g r e a t e r  than  the nominal charge p res su re  c o r r e c t e d  
t o  the  maximum temperature  l e v e l  expected i n  the  thermal envi ron-  
ment. The gene ra l  r e s u l t s  obtained a r e  as follows: 

The Type "B" c o n f i g u r a t i o n ,  Panels 8280-04001 (Bl) , 
S/N 0000001 and 8280-05001, S/N 0000001 s u c c e s s f u l l y  
met the  requirements  of t h i s  t e s t ;  

The Type "C" c o n f i g u r a t i o n  , Panel 8280-07001 , S/Ns 
0000001 and 0000002 s u c c e s s f u l l y  m e t  the  requirements  
of t h i s  tes t .  Panel 8280-07051, S/Ns 0000001 and 
0000002 s u c c e s s f u l l y  met the  requirements  of t h i s  t e s t .  
Panel 8280-08001, S/N 0000001 s u c c e s s f u l l y  m e t  the  
requirements  of t h i s  t es t ;  

The Type "D" c o n f i g u r a t i o n  , Panel 8280-10001 (DlA)  , 
S/Ns 0000001 and 0000002 s u c c e s s f u l l y  met the  r e q u i r e -  
ments of t h i s  t e s t .  Panel 8280-14001, S/N 0000001 
s u c c e s s f u l l y  m e t  the  requirements of t h i s  t e s t .  Panel 
8280-16001, S/Ns 0000001 and 0000002 s u c c e s s f u l l y  met 
the  requirements  of t h i s  t e s t ;  

The Type "E" c o n f i g u r a t i o n ,  Panel 8280-19001 (Ea) , 
S/Ns  0000001 and 0000002 s u c c e s s f u l l y  m e t  the  r e q u i r e -  
ments of t h i s  t e s t .  Panel 8280-24001, S/N 0000001, 
s u c c e s s f u l l y  met t he  requirements of t h i s  t e s t ;  

The Type "F" c o n f i g u r a t i o n  , Panel 8280-28000 (FU) , 
S/N 0000001, rece ived  no proof p re s su re  o r  leak  t e s t s  
because s e v e r a l  l eaks  were found i n  it dur ing  the  p r e s -  
su re  expansion phase of manufacture. Panel 8280-29000 
(FlB), S/N 0000001, rece ived  no proof pressure  o r  leak  
tests because the  panel  f a i l e d  du r ing  the  pressure  ex- 
pansion phase of manufacture. 

The helium and r e s i d u a l  gas ana lyze r  (RGA) l e a k  test  w a s  
performed t o  v e r i f y  t h a t  the f a b r i c a t i o n  processes  used t o  manu- 
f a c t u r e  the  d e t e c t o r s  d id  provide s u f f i c i e n t  l e a k t i g h t  cond i t ions  
t o  allow an  unpunctured specimen t o  su rv ive  100 yea r s  i n  space.  
Two types of leak  tests w e r e  performed. The f i r s t  w a s  a s tandard  
helium l e a k  t 6 s t  performed wi th  a helium mass spec t rometer .  How- 
e v e r ,  because of the  extremely low leakage requirements  t o  s a t i s f y  
the long l i f e  i n  space, t h i s  tes t  ( f i g .  87) was performed i n  vacuum 
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(a) Probe T e s t  Setup 

test specimen 

Specimen support  

(b) Chamber T e s t  Setup 

F i g u r e  87.- Leak Tes t  Setup 
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chamber t o  i n c r e a s e  accuracy of t h e  mass spectrometer  r ead ings .  
The second type of l e a k  tes t  used a r e s i d u a l  gas ana lyze r  i n  
l i e u  of a he l iummass  spectrometer .  This  t es t  s e t u p  ( f i g .  88) 
w a s  developed s p e c i f i c a l l y  f o r  u se  on t h i s  program because of 
s e v e r a l  c o n f i g u r a t i o n s  t h a t  r equ i r ed  d u a l  p re s su re  chambers t h a t  
shared a common s e a m  weld o r  co re  shee t  t o  s e p a r a t e  t h e  p re s su re  
chambers. Phys ica l ly  a seal w a s  t hen  contained i n t e r n a l  t o  the  
d e t e c t o r  t h a t  d i d  not  p e r m i t  t he  use of a s i n g l e  tracer gas .  
The re fo re ,  helium w a s  i n j e c t e d  on one s i d e  of t he  seam and Krypton 
on t h e  o t h e r ,  and through s p e c i a l  c a l i b r a t i o n  of t he  RGA, l eaks  
could be measured a c r o s s  t h e  i n t e r n a l  s e a m  o r  c o r e  s h e e t .  The 
i n i t i a l  tes t  cond i t ions  r equ i r ed  t h a t  no l e a k  could exist  t h a t  
was  g r e a t e r  t han  1.0 x 10-8 SCC He/sec. 
mary of t es t  r e s u l t s :  

The fol lowing is  a sum- 

1) The Type "B" c o n f i g u r a t i o n  Panel 8280-04001 (Bl), S / N  
0000001 s u c c e s s f u l l y  met t he  requirements of t he  helium 
l e a k  t e s t .  The B1 d e t e c t o r  r ece ived  a mass spectrometer  
t e s t .  Panel 8280-04001, S/N 0000001, w a s  l e a k  t e s t e d  
a f t e r  v i b r a t i o n  and a g a i n  m e t  t h e  helium l e a k  test  re- 
quirements.  Panel 8280-05001, S/N 0000001, w a s  RGA l eak  
t e s t e d  i n  t h e  vacuum chamber and m e t  t he  requirements 
of t h e  tes t ;  

The Type "C" c o n f i g u r a t i o n  Panel 8280-07001, S/Ns 0000001 
and 0000002 both i n i t i a l l y  received helium l e a k  t e s t s .  
S/N 0000001 leaked a t  t he  fus ion  weld j o i n t  of t h e  panel  
and p res su re  switch.  It w a s  subsequent ly  r e p a i r e d  and 
r e t e s t e d .  S/N 0000002 m e t  t he  requirements of t h i s  t e s t  
be fo re  and after v i b r a t i o n .  Panel 8280-07051, S/Ns 
0000001 and 0000002 m e t  t h e  requirements of t h e  helium 
l eak  tes t .  Panel 8280-08CO1, S/N 0000001 w a s  RGA l e a k  
t e s t e d  and found t o  l eak ;  

3 )  The Type "D" c o n f i g u r a t i o n  Panels 828 -10001 (DIA) , S/Ns  
0000001 and 0000002 s u c c e s s f u l l y  m e t  t h e  requirements 
of t h e  helium l e a k  t e s t .  Both d e t e c t o r s  received mass 
spectrometer  t es t s  i n  the  vacuum chamber. S/N 0000001 
w a s  l eak  t e s t e d  a f t e r  v i b r a t i o n  and a g a i n  m e t  t es t  re- 
quirements.  Panel 8280-14001, S / N  0000001 i n i t i a l l y  
received a helium l e a k  t e s t .  It w a s  found t o  l e a k .  It 
w a s  subsequently r e t e s t e d  wi th  t h e  RGA system and found 
t o  l e a k .  Panel 8280-16001, S/Ns 0000001 and 0000002, 
m e t  t h e  requirements of t he  helium l e a k  test;  
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4) The Type "E" c o n f i g u r a t i o n  Panel 8280-19001, S/Ns 
0000001 and 0000002, s u c c e s s f u l l y  m e t  t h e  requirements 
of t h e  helium l e a k  tes t .  Both d e t e c t o r s  received mass 
spectrometer  tests i n  t h e  vacuum chamber. S / N  0000001 
w a s  l e a k  t e s t e d  a f t e r  v i b r a t i o n  and a g a i n  m e t  tes t  re- 
quirements.  Panel 8280-24001, S/N 0000001, s u c c e s s f u l l y  
m e t  t h e  requirements of t h e  RGA l eak  t es t ,  

The dynamics e v a l u a t i o n  t e s t i n g  c o n s i s t e d  p r i m a r i l y  of s inu -  
s o i d a l  v i b r a t i o n  t e s t i n g  t o  determine d e t e c t o r  s u r v i v a l  c a p a b i l i t y  
and t o  assess dynamic t r a n s m i s s a b i l i t y  c h a r a c t e r i s t i c  and resonance 
sea rch  of t h e  des igns .  Other areas of v i b r a t i o n  i n v e s t i g a t i o n  
accomplished a t  th& same t i m e  were a confirmation of t h e  subs i ze  
s t i f f n e s s  e v a l u a t i o n  d a t a  on f u l l  s i z e  d e t e c t o r s ,  and i n v e s t i g a -  
t i o n  of several mounting des igns .  I n  a d d i t i o n  tes ts  w e r e  performed 
t o  evaluate "F" c o n f i g u r a t i o n  bumper s h e e t  mounting schemes and 
measurement on bumper s h e e t  d e f l e c t i o n  when exposed t o  out-of-plane 
v i b r a t i o n  e x c i t a t i o n .  

Acoust ic  e f f e c t s  on t h i n  f o i l s  such as t h e  0.001-in. bumper 
s h e e t s  were a l s o  included i n  t h i s  series of e v a l u a t i o n  t e s t i n g .  

The s e t u p  f o r  t h e  above mentioned t e s t  are shown i n  f i g u r e s  
89 t h r u  95, and t h e  test  cond i t ions  were as fol lows.  The s i n u -  
s o i d a l  v i b r a t i o n  tes t  cond i t ions  are s i n g l e  a x i s  out-of-plane,  
w i th  a frequency range of 20 t h r u  2000 Hz, app l i ed  amplitude of 
0.3 i n .  DA + 0.015 i n .  DA from 20 t o  36 Hz and + 20 g peak I + 1.0 
g peak from-36 t o  2000 Hz, w i th  a rate of 1 oct%e/minute. 

The a c o u s t i c s  tes t  cond i t ions  were random a c o u s t i c  f i e l d  wi th  
t h e  fol lowing spectrum shape : 

Octave band SPL, Mid frequencies  of 
dB ( r e :  0.0002 dynes/cm2) octave bands, Hz 

140.9 
143.3 
144.3 
144.1 
142.5 
139.5 
135.0 
129.2 
123.1 

25.0 
50.0 
100.0 
200.0 
400.0 
800.0 
1600.0 
3200.0 
6400.0 

The o v e r a l l  SPL w a s  151 dB, wi th  a tes t  exposure of 4 minutes.  

17 1 



Note: 1. SG = strain gage 

2. Accel = accelerometer 
Bccel 4 

I 
I 
I 
I 
8 
I 

I 
I 

I 
I 
I 
I 
I 
1 
I 
1 
I 
I 
I 
I 
I 
I 
I I 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

~ = (In-plane) 

Direction of 
in - pl ane 
vibration 

Accel 4 
0 

Accel 2 
(In-plane) 

Accel 3 

SG 6 

SG 5 

Direction of I 

vibration 

~~ SG 2 

S G 3  

SG 1 

Steel angle - 

Accel 
contro 

Figure 89.- Accelerometer and Strain Gage LoCations, Stiffness Evaluation Test 

172 



173 



i 

52 in .  

4 F i x t u r e  weight = approx 430 lb 
2 Monitor 

o3 - Run 
5 - Run 

--- - - - -  - - 

4 - Run 

6 - Run 
0 

12 in.- I-- 

MPDD 
pane 

r =-,- 
Pressure 
switch &-<. 

e-12 . in .4 

1'0, 

MF'DD 
panel 

+I2 in .+ 

3 in .3 i n .  

3 i n .  

T 
L-249 v i b r a  

- Note: Three panels may be t e s t e d  simultaneously.  

Figure 91.- Vibra t ion  Test  Setup 

I74  



k 
0 
w 
a 
1 
U 
a, 
in 
U 
v) 
a, 
E-l 
c 
0 

a, 
k 
1 
M 

175 





a 
5 
U 
a, cn 
U 
rn 
a, 
E-l 
d 
0 

.Id 
U a 
5 
4 a 
3 w 

U 
0 
a, 
rl 
w 
a, n 

1 7  7 



178 



The fol lowing paragraphs summarize t h e  t e s t  r e s u l t s  obtained 
du r ing  t h e  aforementioned t e s t i n g :  

1) The Type "B" c o n f i g u r a t i o n ,  v i b r a t i o n  tes ts ,  Panel 8280- 
04001, S./N 0000001, w a s  sub jec t ed  t o  a 20 g peak sinewave 
v i b r a t i o n .  Accelerometer d a t a  w e r e  obtained du r ing  t h i s  
t es t .  The d e t e c t o r  m e t  t h e  requirements of t h i s  tes t .  

2) The Type "C" c o n f i g u r a t i o n ,  v i b r a t i o n  tes t s ,  Panel 8280- 
07001, S / N  0000002, w a s  sub jec t ed  t o  a 20 g peak sinewave 
v i b r a t i o n  tes t .  Accelerometer d a t a  w e r e  obtained du r ing  
t h i s  tes t .  The d e t e c t o r  m e t  t h e  requirements of t h i s  
t e s t .  

3 )  The Type "D" c o n f i g u r a t i o n ,  v i b r a t i o n  tes ts ,  Detector  
8280-10001 ( D l A ) ,  S/N 0000001, w a s  sub jec t ed  t o  a 20 g 
peak sinewave v i b r a t i o n .  Accelerometer d a t a  were ob- 
t a i n e d  du r ing  t h i s  t e s t .  The d e t e c t o r  m e t  t h e  r e q u i r e -  
ments of t h i s  tes t .  

4 )  The Type "E" c o n f i g u r a t i o n ,  De tec to r  8280-19001 ( E l A ) ,  
S / N  0000002, w a s  sub jec t ed  t o  a 20 g peak sinewave v i b r a -  
t i o n ,  Accelerometer d a t a  w e r e  obtained du r ing  t h i s  t e s t .  
The d e t e c t o r  m e t  t h e  requirements of t h i s  test .  This 
d e t e c t o r  w a s  a l s o  instrumented wi th  s t r a i n  gages t o  ob- 
t a i n  load d a t a .  The d e t e c t o r  w a s  r e run  a second t i m e  
a f t e r  i t  w a s  p re s su r i zed  t o  280 p s i g  t o  i n c r e a s e  i t s  
s t i f f n e s s .  A t ' t h e . c o n c 1 u s i o n  of a l l  t hese  tests,  t h e  
d e t e c t o r  d i d  not  l e a k ,  nor had i t  developed any metal  
f a t i g u e .  Detector  8280-19001 (EM), S/N 0000001 w a s  
f i t t e d  wi th  t h e  aluminum ang le  mount system, i n s t r u -  
mented wi th  s t r a i n  gages and acce le romete r s ,  and sub- 
j e c t e d  t o  tests i n  t h e  fol lowing sequence: 

Sinewave, - 10 g peak, out-of-plane axis;  

Random - 11.1 grms, out-of-plane axis ;  

S inewave - 10 g peak, in-plane axis ; 

Random - 11.1 grms, in-plane axis;  

Sinewave - 10 g peak, out-of-plane a x i s ;  

Sinewave - 10 g peak, out-of-plane axis, increased 
p i l l ow h e i g h t ;  
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Sinewave - 10 g peak, out-of-plane a x i s ,  f u r t h e r  
increased p i l l ow h e i g h t .  

N o  p h y s i c a l  damage w a s  i ncu r red  du r ing  t h i s  t e s t i n g .  

5) The Type "F" c o n f i g u r a t i o n ,  v i b r a t i o n  tes ts ,  Panel 8280- 
28000, S/N 0000001, w a s  sub jec t ed  t o  a 10 g peak sinewave 
v i b r a t i o n  and an  11.1 grms random v i b r a t i o n .  Acceler- 
ometer and s t r a i n  gage d a t a  w e r e  obtained du r ing  t h i s  
t es t .  N o  mechanical damage w a s  appa ren t  a t  t h e  comple- 
t i o n  of t hese  tes ts .  

The Acoust ic  Test  on Panel 8280-28000, S / N  0000001, 
c o n s i s t e d  of a 151 dB sound p res su re  l e v e l ,  random a c o u s t i c  n o i s e  
t e s t .  Microphone and s t r a i n  gage d a t a  w e r e  obtained du r ing  t h i s  
t e s t .  N o  mechanical damage w a s  apparent  a t  t h e  completion of 
t h i s  tes t .  

The bumper s h e e t  d e f l e c t i o n  t es t  determined which of two 
bumper s h e e t  mount schemes would be most r e l i a b l e  i n  t h e  opera- 
t i o n a l  c o n d i t i o n s .  The type of test  performed w a s  s i n e  v i b r a t i o n  
w i t h  measurement of bumper s h e e t  d e f l e c t i o n  du r ing  v i b r a t i o n  
e x c i t a t i o n .  Both methods proved t o  be s a t i s f a c t o r y ,  however, 
performance of t h e  s p r i n g  mount appears  t o  be s u p e r i o r  t o  t h e  
r i g i d  mount. 

Add i t iona l  mount e v a l u a t i o n  t e s t i n g  w a s  a l s o  accomplished 
du r ing  t h e  f u l l - s i z e  des ign  e v a l u a t i o n  t e s t i n g  t o  determine t h e  
e f f e c t s  of thermal expansion and c o n t r a c t i o n  on the  d e t e c t o r  
and i t s  a s s o c i a t e d  mounts when they are exposed t o  t h e  extreme 
temperature  c o n d i t i o n s  of o u t e r  space.  This  tes t  was accom- 
p l i shed  on an  "E" type of d e t e c t o r ,  which w a s  considered t h e  
worse-case cond i t ion .  The tes t  was performed as shown i n  f i g u r e s  
96 and 97. The fol lowing resu l t s  were ob ta ined ,  

$9 

Detec to r  8280-19001 (EM), S/N 0000001 was subjected t o  
r a d i a n t  h e a t  s u f f i c i e n t  t o  o b t a i n  a min imum of +350°F, i n  t h e  
middle of t h e  pane l ,  w i th  t h e  panel vented to ambient p re s su re .  
It w a s  nex t  sub jec t ed  t o  an LNz'spray ba th  u n t i l  t h e  panel  w a s  
a t  -320OF. The r a d i a n t  h e a t  p o r t i o n  was r epea ted  w i t h  11.5 p s i g  
i n  t h e  panel .  N o  p h y s i c a l  damage was incu r red  du r ing  t h i s  tes t -  
ing .  

S p e c i a l  d e s i g n  e v a l u a t i o n  t e s t .  - TWQ s p e c i a l  des ign  evalua-  
t i o n  tests w e r e  accomplished du r ing  t h e  preliminary des ign  evalu-  
a t i o n  t e s t i n g .  The f i rs t  of the$e O C C U ~ ~  tire fore t h e  mount 
e v a l u a t i o n  t e s t i n g  of f u l l - s i z e  detectors when it; was thought 

180 



18 1 



E: 
0 
.ri 
4J 
m 
1 
4 
m 
3 w 

n 
M 
C 

4 
0 
0 u 

n 
4J 
v1 

R 

182 



t h a t  commercially a v a i l a b l e  i s o l a t o r s  cou ld  be incorporated i n t o  
t h e  d e t e c t o r  design.  The mounts considered most s u i t a b l e  w e r e  
t he  Aero f l ex  l adde r  and h e l i c a l  i s o l a t o r s .  Two i s o l a t o r s  w e r e  
s e l e c t e d  from o f f - t h e - s h e l f  i t e m s  and w e r e  sub jec t ed  t o  v i b r a t i o n  
e v a l u a t i o n .  The second t e s t  w a s  a high g v i b r a t i o n  tes t  of the 
p re s su re  switch assembly t h a t  r e s u l t e d  from d a t a  gathered du r ing  
v i b r a t i o n  e v a l u a t i o n  o f  f u l l - s i z e  d e t e c t o r s .  This test  i n d i c a t e d  
a much h ighe r  d e t e c t o r  a m p l i f i c a t i o n  f a c t o r  than the  des ign  had 
a n t i c i p a t e d ,  

Commercial mounts eva lua t ion :  This  tes t  c o n s i s t e d  of a 
complete v i b r a t i o n  e v a l u a t i o n  of the Aero f l ex  h e l i c a l  cab le  i so -  
l a t o r  C3-HBA10-12 and 6-s t rand l adde r  c a b l e  i s o l a t o r .  

The test  s e t u p  i s  shown i n  f i g u r e  19 .  Two sets  of i s o l a t o r s  
w e r e  loaded w i t h  metal weights of approximately 1, 2 ,  and 3 l b  
i s o l a t o r s .  A th ree -ax i s  v i b r a t i o n  t e s t  w a s  planned. Each a x i s  
w a s  sub jec t ed  t o  a series of 5 ,  10, and 20 g a t  0.3 double ampli-  
tude,  and swept from 5 t o  2000 Hz a t  a rate of 1 octavelminute.  

The h e l i c a l  i s o l a t o r s  f a i l e d  du r ing  the  f i r s t  run  a t  5 g 
i n p u t  and 18 cps wi th  a load of 10 l b .  The i s o l a t o r s  were mounted 
i n  shee r  w i th  1 g i n p u t  a long  the a x i s  of the h e l i x .  The f o r c i n g  
func t ion  w a s  normal t o  the a x i s  of the h e l i x  and normal t o  the 
plane of the load.  A t  the  t i m e  of f a i l u r e  the fol lowing l e v e l s  
w e r e  experienced:  30 g a long  the f o r c i n g  v e c t o r  a x i s ,  48 g a long  
a v e c t o r  i n  the h o r i z o n t a l  plane and normal t o  the f o r c i n g  v e c t o r ,  
and 62 g a long  a v e c t o r  i n  a v e r t i c a l  plane and normal t o  the 
f o r c i n g  v e c t o r .  The i s o l a t o r s  w e r e  permanently deformed as e v i -  
denced by s t a t i c  d e f l e c t i o n  a long  the shea r  axis of 2 : l  over t he  
b e f o r e - t e s t  d e f l e c t i o n .  Also., t he  h e l i c  w a s  permanently deformed 
r a d i a l l y .  

The l adde r  i s o l a t o r  f a i l e d  du r ing  the t h i r d  run a t  20 g 
i n p u t  and 36 C ~ S  wi th  a load of 1 l b .  The s i n g l e  plane i s o l a t o r s  
w e r e  mounted i n  t ens ion  (upper i s o l a t o r  i n  t ens ion ;  lower i s o l a t c r  
unloaded).  The f o r c i n g  func t ion  w a s  normal t o  t h e  plane of the 
weight and normal t o  the  c a b l e  s t r a n d s .  The i s o l a t o r s  survived 5 
and 10 g be fo re  f a i l u r e .  A t  t he  t i m e  of f a i l u r e ,  levels of 38 g 
a long  the  f o r c i n g  v e c t o r ,  20 g a long  a v e c t o r  i n  the h o r i z o n t a l  
plane and normal t o  the f o r c i n g  func t ion ,  and 90 g a long  the  v e c t o r  
i n  a v e r t i c a l  plane and normal t o  the  f o r c i n g  v e c t o r  were e x p e r i -  
enced. F a i l u r e  was  i n d i c a t e d  by s t r a n d  breakage. A g r e a t e r  
number of s t r a n d  ere broken a t  the  c e n t e r  of the w i r e  rope,  
i n d i c a t i n g  f a i l u r e  from excessive t e n s i l e  f o r c e .  
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An i n v e s t i g a t i o n  of i n s t rumen ta t ion  d a t a  i n d i c a t e d  the  
motion of t he  weight  w a s  e l l i p t i c a l  i n  a l l  t h r e e  planes.  The 
h i g h e s t  g l e v e l s  w e r e  experienced i n  a h o r i z o n t a l  plane normal 
t o  the f o r c i n g  v e c t o r .  

I n v e s t i g a t i o n  of vendor d a t a  i n d i c a t e d  the  h e l i c a l  and 
l adde r  i s o l a t o r s  have Q's of between 2 and 5 a t  i n p u t  levels of 
1/4 t o  1 / 2  g .  The i n p u t  levels are a n  o r d e r  of magnitude of 
1/40 the  inpu t s  we  are requ i r ed  t o  tes t  t o .  Therefore ,  t hese  
i s o l a t o r s  could n o t  be used f o r  panel i s o l a t i o n  on the  MPDD pro- 
gram. However, the i s o l a t o r s  could be used where l a r g e  loads 
are requ i r ed  t o  be- i s o l a t e d  f o r  low l e v e l  i n p u t s .  

Pressure switch v i b r a t i o n  eva lua t ion :  The o b j e c t i v e  of 
t h i s  t e s t  w a s  t o  e v a l u a t e  the p re s su re  switches ' c a p a b i l i t y  t o  
perform and su rv ive  i n  a h igh  environment. The need f o r  t h i s  
e v a l u a t i o n  w a s  e s t a b l i s h e d  du r ing  design and process e v a l u a t i o n  
t e s t i n g  when d e t e c t o r / p a n e l  dynamics c h a r a c t e r i s t i c s  i n d i c a t e d  
a cons ide rab ly  higher  a m p l i f i c a t i o n  f a c t o r  t han  had been a n t i c i -  
pa t ed .  This  t e s t  was performed on one each of t h e  Servonics and 
Car l e ton  designs and i s  shown i n  f i g u r e s  98 and 99. The t e s t  con- 
d i t i o n s  were a s  fo l lows :  frequency range of 5 t o  2000 Hz, w i t h  
inpu t  l e v e l s  of 0 .4  i n .  DA from 5 t o  70 Hz and 100 g peak from 
70 t o  2000 Hz. 

The above l e v e l s  w e r e  app l i ed  t o  each of t h e  mutual ly  per-  
pend icu la r  axes, and c o n t a c t  c h a t t e r  was cont inuously monitored. 
Both switches survived the above environments w i th  no appa ren t  
mechanical o r  f u n c t i o n a l  deg rada t ion ,  however, both des igns  d i d  
experience c o n t a c t  c h a t t e r .  

Design Development Eva lua t ion  T e s t i n g  

The Design Development e v a l u a t i o n  test; program was performed 
as a prel iminary q u a l i f i c a t i o n  test  program f o r  the detectsrl 
panel  assemblies .  The t e s t i n g  o f  the  d e t e c t o r s  included a corn- 
p l e t e  environment e v a l u a t i o n  excep t  for thermal environments. 
Another area of development t e s t i n g  w a s  the p re s su re  switch sub- 
assemblies .  These tests included t o t a l  dynamic and thermal 
environmental  e v a l u a t i o n .  

A s  a r e s u l t  of the p re s su re  switch development and f a b r i c a -  
t i o n  techniques,  un te s t ed  materials w e r e  i n t e r j e c t e d  i n t o  the  
program. This  c r e a t e d  a need for,  s p e c i a l  material t e s t i n g ,  which 
w a s  a l s o  a p o r t i o n  o f  t h i s  t e s t i n g  phase. The fol lowing para-  
graphs d e f i n e  the t e s t i n g  ope ra t ions  and b r i e f l y  summarize the 
t es t  r e s u l t s .  
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F i g u r e  99.- P re s su re  Switch Vibra t ion  and Shock T e s t  Setup 
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Funct ional  o p e r a t i o n s ;  

2 )  I n s u l a t i o n  r e s i s t a n c e ;  

3 )  Proof p re s su re ;  

4 )  Helium l e a k ;  

5 )  V i b r a t i o n  ( s i n e  and random); 

6 )  Shock; 

7) S t eady- s t a t e  a c c e l e r a t i o n ;  

8) Thermal p re s su re  c y c l i n g ;  

9) Acoust ics  ; 

10) Thermal vacuum soak; 

1 I) Humidity ; 

12)  Pressure b u r s t .  

The two vendors s e l e c t e d  w e r e  C a r l e t o n  Con t ro l  Corporat ion 
and Servonic Instrument .  

Servonic Ins t rumen t ' s  p re s su re  switch development t e s t i n g  
surmnary: 
several problems w e r e  enc n t e r e d .  These problems, w i th  t h e i r  
r e s p e c t i v e  c o r r e c t i v e  act  n s ,  w e r e  documented on MARS t a g  

During the  e a r l y  p a r t  of t he  development t e s t i n g ,  

-35226 B-35227, B-50673 B-50674, 

n t a c t  problem 
G material and 
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keeping moisture  o u t  of the c o n t a c t  area and by keeping the  
u n i t s  b a c k f i l l e d  w i t h  d r y  n i t r o g e n  throughout the test  program. 

A t  the  s tar t  of the thermal p re s su re  c y c l i n g  test  conducted 
by the  Ogden R o t o t e s t  Labora to r i e s ,  the tes t  u n i t s  w e r e  connected 
t o  a shop a i r  p re s su re  supply.  This  caused i c i n g  and contamina- 
t i o n  o f  the c o n t a c t s  du r ing  the  low temperature p a r t  of the test .  
This  w a s  i n  v i o l a t i o n  of the t es t  procedure.  A l l  five samples 
w e r e  cleaned and d r i e d ,  and t e s t i n g  w a s  resumed us ing  d r y  n i t r o -  
gen as the  p r e s s u r i z i n g  source i n  accordance wi th  the procedure 
requirements .  There were no more problems o r  ou t -o f - to l e rance  
cond i t ions  noted throughout t he  remainder of the t es t  program. 
Due t o  in s t rumen ta t ion  problems , both temperature and p res su re  
w e r e  measured and recorded a t  convenient i n t e r v a l s  i n s t e a d  of 
being cont inuously recorded during the thermal p re s su re  c y c l i n g  
t e s t  and the thermal vacuum soak test .  

There were some d i f f i c u l t i e s  i n  schedul ing the  thermal p re s -  
s u r e  c y c l i n g  t e s t ;  t h e r e f o r e ,  upon agreement wi th  the Mart in  
Marietta , Denver r e p r e s e n t a t i v e  , the  t e s t i n g  sequence as o u t l i n e d  
i n  Servonic Procedure , STP-3152-0101, w a s  a l t e r e d  t o  a l low con- 
t inuance of t he  tes ts  wi th  a minimum of l o s t  t i m e .  

Ca r l e ton  C o n t r o l ' s  p re s su re  switch development t e s t i n g  
summary: Car l e ton  d i d  n o t  perform a development t es t  program. 
A f t e r  des ign  and f a b r i c a t i o n  t h i s  switch assembly w a s  subjected 
d i r e c t l y  t o  q u a l i f i c a t i o n  t e s t i n g  (discussed la te r  i n  t h i s  
c h a p t e r ) .  

Detector  des ign  development e v a l u a t i o n  t e s t i n g . -  These tests 
eva lua ted  o p e r a t i o n  of the d e t e c t o r  i n  the area of a l l  a p p l i c a b l e  
f u n c t i o n a l  and environmental  cr i ter ia  (excluding thermal environ-  
ments) r equ i r ed  f o r  mission success .  This program included the 
fol lowing tes t s :  (1) switch assembly f u n c t i o n a l  t e s t ;  (2) l e a k  
tes t ,  both helium and RGA; (3) proof p re s su re  t e s t ;  ( 4 )  pressure, 
c y c l i n g  t e s t ;  (5) v i b r a t i o n .  tes t ,  both sinewave and randsm; 
(6) shock test  shaped pu l se ,  and (7) a c o u s t i c s  t e s t .  To enhance 
the p r o b a b i l i t y  of success  i n  the .product ion t e s t  program a l l  
of t he  tests were performed u s i n g  q u a l i f i c a t i o n  test l e v e l s .  

Func t iona l  test:  The s p e c i f i c  tes t  performed included both 
switch p o i n t  v e r i f i c a t i o n  and c o n t a c t  r e s i s t a n c e  t e s t i n g .  The 
t e s t  s e t u p  used i s  shown i n  f i g u r e s  100 and 101. The tes t  c r i -  
teria f o r  switch p o i n t  tes t  r equ i r ed  t h a t  switch c o n t a c t  t r a n s f e r  
would occur when app ly ing  a d i f f e r e n t i a l  overpressure of 6.0 2 
2.5 p s i g  t o  the  p re s su re  p o r t  and. v e r i f y i n g  t h a t  the switch p o i n t s  
reverse a t  the  a p p r o p r i a t e  p re s su re  levels. The c o n t a c t  r e s i s t a n c e  
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Power 
SUPPLY 2 

Note: Dotted lines indicate alternative 
connections for pressurizing switch. 

Power 
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Figure 101.- Functional Test Setup, Contact Resistance 
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w a s  measured as a v o l t a g e  drop a c r o s s  the switch c o n t a c t  p o i n t s  
and v e r i f y i n g  t h a t  t he  resistances d i d  n o t  exceed 100 mill iohms 
a t  0.5 A nor  200 millohms a t  100 4. 

Leak test: A helium l e a k  tes t  and r e s i d u a l  gas a n a l y s i s  
(RGA) w a s  used on t h i s  program. 
specimens were p r e s s u r i z e d ,  sub jec t ed  t o  a vacuum, and leakage 
sensed a t  the  e x t e r n a l  s u r f a c e  of t he  specimen and/or  between 
chambers on the d u a l  d e t e c t o r .  

Regardless of t he  t e s t ,  a l l  

The helium l e a k  test ( f i g .  8 7 )  c o n s i s t e d  of u s i n g  gaseous 
helium i n  con junc t iqn  wi th  a vacuum chamber and a helium mass 
spectrometer .  The specimens were charged t o  27.0 + 0.5 p s i a  a t  
70' + l O O F  and placed i n  a vacuum of 1 x 10-5 torr, 
t h a t n o  l e a k  exis ts  g r e a t e r  than 3.0 x 10-9 scc/sec was made u s i n g  
a helium mass spectrometer .  

V e r i f i c a t i o n  

The RGA t e s t i n g  ( f i g .  88) r equ i r ed  two i n e r t  gases (helium 
and krypton) and a r e s i d u a l  gas ana lyze r  i n  conjunct ion wi th  a 
vacuum chamber. Specimens subjected t o  t h i s  t e s t  were charged 
t o  27.0 + 0.5 p s i a  a t  700 + l O O F ,  w i th  krypton gas on one s i d e  
and hel izm gas on the o t h e r  s i d e .  It w a s  v e r i f i e d  by use of 
a Ultek quad 250 RGA, t h a t  no i n t e r c o r e  leakage g r e a t e r  than 
3.0 x 10-9 scc/sec e x i s t s  between chambers o r  e x t e r n a l  t o  the  
pane 1. 

Proof p re s su re  test:  This  t e s t  ( f i g .  86) w a s  performed on 
a l l  d e t e c t o r / p a n e l  assemblies  t o  determine i f  maximum overpressure 
has any harmful e f f e c t  on the  switch a c t u a t i o n  p res su re  levels. 
This  tes t  was performed p r i o r  t o  any environmental  tests.  

The d e t e c t o r / p a n e l s  w e r e  p re s su r i zed  t o  a d i f f e r e n t i a l  p re s -  
s u r e  25% g r e a t e r  than the  nominal charge p res su re  co r rec t ed  t o  
maximum temperature (55 p s i g  minimum). Ac tua t ion  and r e a c t u a t i o n  
p res su res  were v e r i f i e d  n o t  t o  have changed from the  r equ i r ed  
p res su re  of 6.0 2 2.5 p s i g  as a resxlt  of a p p l i c a t i o n  of proof 
p r e s s u r e .  

Pressure c y c l i n g  tes t :  This  tes t  ( f i g s .  82 and 83) w a s  per-  
formed on s e l e c t e d  specimens of a l l  types of assemblies  t o  assess 
s t r u c t u r a l  f a t i g u e  levels. 

This  test  c o n s i s t e d  of connect ing t h e  d e t e c t o r / p a n e l  t o  a 
test  t o o l  capab le  of i n c r e a s i n g  and dec reas ing  the  app l i ed  p res su re  
a t  a s u f f i c i e n t l y  slow rate t o  allow the p re s su re  change t o  be 
sensed throughout t he  specimen volume. The p res su re  w a s  cycled 
between 14 p s i g  and 49.3 p s i g  f o r  a minimum of 2 1  344 c y c l e s .  
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Actua t ion  and r e a c t u a t i o n  p res su res  w e r e  v e r i f i e d  n o t  t o  have 
changed from the  r equ i r ed  p res su re  of 6.0 - + 2.5 psig.  

V i b r a t i o n  test  ( f i g s .  102 and 103): The s p e c i f i e d  v i b r a t i o n  
environment w a s  a p p l i e d  t o  t h e  t e s t  specimens. A l l  p e r t i n e n t  
i n p u t s  and ou tpu t s  w e r e  monitored du r ing  each p a r t  of t he  t es t .  
Any d i s t o r t i o n  of s i g n a l  o r  information,  o r  d e v i a t i o n  of parame- 
ters t h a t  r e s u l t s  from the  v i b r a t i o n  t e s t i n g  w a s  recorded. A 
complete record of each v i b r a t i o n  test  w a s  maintained,  i nc lud ing  
a h i s t o r y  of the sinewave survey showing a l l  r e sonan t  f requencies  
d e t e c t e d  and d e t a i l s  r ega rd ing  the  o p e r a t i o n  of the specimen 
under t es t .  A l l - o f  the v i b r a t i o n  tes t s  w e r e  app l i ed  t o  the  t es t  
specimen a long  each of t h e  t h r e e  mutual ly  perpendicular  axes. 

The sinewave v i b r a t i o n  t e s t  w e r e  performed on a l l  d e t e c t o r  
assemblies  u s i n g  the fol lowing test  cond i t ions :  

1) Frequency range: 5 t o  2000 Hz; 

2) Control  amplitude: 0.4 i n .  DA from 5 t o  10 Hz, + 2 g 
peak from 10 t o  44 Hz, 0.02 i n .  DA from 44 t o  96-Hz, 
- + 10 g peak from 96 t o  2000 Hz; 

3 )  Sweep rate: 1 octave/minute (8.64 minutes nominal, 
9.0 minutes maximum) ; 

4) Type sweep: U n i d i r e c t i o n a l ,  c o n s t a n t  octave.  

The random v i b r a t i o n  tes t  w a s  performed on a l l  d e t e c t o r  
assemblies .  The r equ i r ed  spectrum c o n s i s t s  of t he  fol lowing 
parameters : 

1) Frequency range: 10 t o  2000 Hz; 

2) Spectrum shape: 
r o l l o f f  below 200 Hz a t  3 db/octave,  r o l l o f f  above 700 
Hz a t  6 db/octave;  

F l a t  200 t o  700 Hz a t  0.12 G2/Hz, 

3 )  T e s t  d u r a t i o n :  5 minu tes / ax i s ;  

4) Overall level: 11.1 grms. 

Shock test: The a p p r o p r i a t e  s p e c i f i e d  shock pu l se  w a s  
a p p l i e d  t o  each of t h e  designated tes t  u n i t s ,  once i n  each 
d i r e c t i o n  of t he  t h r e e  mutual ly  pe rpend icu la r  axes f o r  a t o t a l  
of s ix  shock a p p l i c a t i o n s  per  u n i t .  
w a s  used f o r  a l l  d e t e c t o r / p a n e l  assemblies .  

A shock p u l s e  of 50 g peak 
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F igure  102.- 40x12-in. Panel Vibra t ion  T e s t  Setup 
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Figure 103. 40x49-in. Detector  Vibrat ion Test  Setup 
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The same f i x t u r e s  and s e t u p  ( f i g s .  102 and 103) evaluated 
and approved f o r  the v i b r a t i o n  t e s t i n g  w e r e  used f o r  mounting 
tes t  u n i t s  f o r  the shock tes t .  The f i x t u r e  w a s  capable  of re- 
c e i v i n g  the designated shock i n p u t  and t r a n s m i t t i n g  the shock t o  
the t e s t  u n i t  through the normal t es t  u n i t  mounting p rov i s ions .  

Acoust ics  test  ( f i g .  104) : Each r equ i r ed  tes t  specimen w a s  
sub jec t ed  t o  the random a c o u s t i c  f i e l d  de f ined  he re  f o r  the 
s p e c i f i e d  exposure d u r a t i o n .  Pressure switches were t e s t e d  us ing  
the r eve rbe ran t - type  chamber. 
t e s t e d  u s i n g  plane wave a p p l i c a t i o n  of the a c o u s t i c  energy. 
r equ i r ed  spectrum shape f o r  the a c o u s t i c  t e s t  i s  comprised of t he  
fol lowing octave band midfrequency dB l e v e l s .  

Detector  panels  of a l l  types were 
The 

Octave band SPL, Mid f requenc ies of 
dB { r e :  0.0002 dynes/cm2) octave bands, Hz 

140.9 
143.3 
144.3 
144.1 
142.5 
139.5 
135.0 
129.2 
123.1 

25 .O 
50.0 

100.0 
200.0 
400.0 
800.0 

1600.0 
3200.0 
6400.0 

Overa l l  l e v e l  = 151  dB 

Test d u r a t i o n  f o r  a l l  a c o u s t i c  tests w a s  4 minutes.  The 
r equ i r ed  a c o u s t i c  f i e l d  w a s  produced by a source having random 
ou tpu t  w i th  e s s e n t i a l l y  Gaussian amplitude d i s t r i b u t i o n  over a 
bandwidth of 30 Hz t o  10 Hz. Each test specimen w a s  mounted i n  
the  a c o u s t i c  f i e l d  t o  a r i g i d  s t a t i c  suppor t  u s i n g  those mount- 
i ng  c a p a b i l i t i e s  which were an i n t e g r a l  p a r t  of the test  s p e c i -  
men. The specimen w a s  o r i e n t e d  t o  o b t a i n  an  even d i s t r i b u t i o n  
of t he  sound p res su re  level over the r equ i r ed  specimen s u r f a c e .  

De tec to r  des ign  development t e s t  r e s u l t s  .- The fol lowing 
paragraphs are a gene ra l  summary of the r e s u l t s  obtained du r ing  
the des ign  e v a l u a t i o n  t e s t i n g .  The c o n f i g u r a t i o n  summary w i l l  
i n d i c a t e  only those areas of test  i n  which problems w e r e  en- 
countered : 
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1) 8280-04051, (DLA Panel) S/N 0000010 panel  s u c c e s s f u l l y  
completed all tes t  requirements.  

2) 8280-07061, ( C 1  Panel) S/N 0000001 and S/N 0000002. C 1  
Panel S / N  0000002 s u c c e s s f u l l y  completed a l l  tes t  re- 
quirements.  C1 Panel S/N 0000001 f a i l e d  t o  pass  l e a k  
t e s t  requirements fol lowing v i b r a t i o n  and shock t e s t i n g .  
The panel  ' indicated a l e a k  rate of 2.8 x lom6 SCC He/sec. 

3) 8280-10051, ( D l A  De tec to r )  S/N 0000001, d e t e c t o r  success-  
f u l l y  completed a l l  tes t  requirements.  

4 )  8280-13001, (D2A d u a l  d e t e c t o r )  S/N 0000002, d e t e c t o r  
s u c c e s s f u l l y  completed a l l  t e s t  requirements .  

5) A f t e r  8280-16051, (D3A Detector)  completed shock t e s t i n g ,  
the specimen w a s  t r anspor t ed  t o  SSL f o r  a l eak  tes t .  
During t h i s  t e s t ,  a gross  l eak  w a s  found i n  the f i l l  
tube braze j o i n t .  The j o i n t  w a s  rebrazed and the s p e c i -  
men w a s  r e t e s t e d  €o r  leakage. N o  leakage w a s  found 
dur ing  the retest .  It w a s  subsequent ly  found t h a t  t he  
panel  had been dropped du r ing  t r a n s p o r t a t i o n .  Therefore ,  
the above l e a k  i s  not considered a tes t  f a i l u r e .  Follow- 
ing  a c o u s t i c  t e s t i n g  the test  specimen w a s  p re s su r i zed  
wi th  helium and sea l ed  be fo re  i t s  f i n a l  l e a k  t e s t .  It 
w a s  found t o  have a g ross  l eak .  This  l e a k  w a s  l oca t ed  
a t  the seal  o f €  i n  the f i l l  tube.  The specimen w a s  re- 
sea l ed  and r e t e s t e d  f o r  l eak .  No leakage w a s  found 
dur ing  t h i s  retest . 

6) 8280-19051, (E1A De tec to r )  S/N 0000001 and S/N 0000002. 
S/N 0000002 w a s  found t o  be l eak ing  a f t e r  21 344 c y c l e s .  
The l eak  w a s  l oca t ed  a t  the j u n c t i o n  of t he  seam welds.  
The j u n c t i o n  w a s  s p o t  welded and sub jec t ed  t o  a second 
l e a k  test .  N o  measurable leakage w a s  found dur ing  the 
retest .  S /N  0000001 w a s  found t o  be l eak ing  a f t e r  com- 
p l e t i o n  of sinewave and random v i b r a t i o n .  A retest  w a s  
performed t o  confirm the  i n i t i a l  leakage measurement and 
the  specimen w a s  a g a i n  found t o  l eak .  The l o c a t i o n  o f  
the l e a k  w a s  thought t o  be a t  the r i n g  weld of t he  f i l l  
tube.  The area w a s  brazed and t h e  specimen sub jec t ed  
t o  a t h i r d  l e a k .  It w a s  s t i l l  found t o  l e a k  b u t  the 
l e a k  w a s  l oca t ed  a t  the s e a m  weld i n t e r s e c t i o n  nea r  t h e  
f i l l  tube.  A l l  f ou r  s e a m  weld i n t e r s e c t i o n s  w e r e  s p o t  
welded and the specimen l eak  t e s t e d  a f o u r t h  t i m e .  The 
specimen had no measurable leakage du r ing  t h i s  test. 
A t  t h i s  t i m e ,  i t  w a s  decided t o  d i s c o n t i n u e  t e s t i n g  on 
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S/N 0000001 and t o  perform a l l  environmental  t e s t i n g  
on Specimen S / N  0000002, which had a s i m i l a r  l e a k  a f t e r  
p re s su re  c y c l i n g .  This  i t e m w a s  r epa i r ed  i n  the same 
manner as S/N 0000001, i .e. ,  the  s e a m  w e l d  i n t e r s e c t i o n s  
w e r e  s p o t  welded and the  specimen w a s  s t a r t e d  through 
the environments. The specimen d id  n o t  l e a k  a f t e r  being 
sub jec t ed  t o  the r equ i r ed  sinewave and random v i b r a t i o n  
and the shock t e s t .  

7) 8280-24051, (E2C d u a l  d e t e c t o r )  S / N  0000001 d e t e c t o r  
s u c c e s s f u l l y  completed a l l  test requirements.  

8) A f t e r  8280-25001, (E3A d e t e c t o r )  , S / N  0000001 completed 
of the a c o u s t i c  test ,  the specimen w a s  p re s su r i zed  wi th  
helium and sealed. A subsequent l e a k  t e s t  found leakage 
a t  the s e a l  of the f i l l  tube.  Repair  w a s  a t tempted and 
leakage occurred a second t i m e ,  a t  the f i l l  tube seal. 
A second a t t empt  a t  repair s t i l l  r e s u l t e d  i n  leakage. 

9)  The 8280-28001, (F1A Panel) S/N 0000010 d e t e c t o r  success-  
f u l l y  completed a l l  t e s t  requirements.  

S p e c i a l  materials t e s t . -  The MPDD program r e q u i r e s  the use 
of s i las t ic  m a t e r i a l s  i n  the f i n a l  assembly of the meteoroid 
d e t e c t o r s .  The s i l a s t i c  m a t e r i a l s  were a s i l i c o n e  p o t t i n g  com- 
pound (MMS-M138) used i n  the reg ion  of the p re s su re  switch t o  
provide suppor t  f o r  the switch wi r ing ,  and a Tef lon  tape  (MMSJ665) 
wi th  an  adhes ive  backing t h a t  provides a s l i d i n g  s u r f a c e  on the 
p e r i m e t e r  of the d e t e c t o r  t o  a l low free movement dur ing  thermal 
expansion and/or  c o n t r a c t i o n  of the d e t e c t o r .  

Outgassing c h a r a c t e r i s t i c s  of these s i l a s t i c  m a t e r i a l s  were 
unava i l ab le  from NASA/MSC o r  from the manufac turers .  Therefore  
any knowledge concerning the contaminat ion p o t e n t i a l  t o  s o l a r  
c e l l s  w a s  unknown. A s  a r e s u l t  a s p e c i f i c  experiment w a s  con- 
ducted t o  determine i f  any contaminat ion hazard would be e x p e r i -  
enced. The subsequent paragraphs are a d e s c r i p t i o n  of the t e s t  
program t h a t  w a s  accomplished. 

The test w a s  conducted i n  an  environment t h a t  simulated an 
extreme cond i t ion  f o r  ou tgass ing  from the s i l a s t i c s  and conden- 
s a t i o n  on the s o l a r  c e l l s .  The primary o b j e c t i v e  w a s  t o  measure 
any degrada t ion  i n  s o l a r  c e l l  ou tput  as a r e s u l t  of outgassed 
materials from the s i las t ic  specimens. 

The test  s e t u p  i s  shown i n  f i g u r e s  105 and 106. I n  gene ra l  
the f i x t u r e  exposed s ix  s o l a r  cel ls  wi th  a n  approximate area of 

198 



199 



200 



6 sq  i n .  t o  144 sq i n .  of MMSM138 p o t t i n g  compound and 96 sq i n .  
of MMSJ665 Tef lon  tape .  The exposure w a s  ob ta ined  i n  a thermal 
vacuum chamber i n  a vacuum of 3 t o  5 x l o m 7  t o r r ,  w i th  the si las- 
t i c  materials hea ted  t o  +350°F and the s o l a r  c e l l  cooled t o  
-10O0F. The tes t  sequence was as follows: 

1) Check the ou tpu t  of the s o l a r  c e l l s  w i th  the chamber 
a t  ambient p r e s s u r e ,  and the t e s t  p l a t e s  a t  ambient 
temperature.  (All  s o l a r  ce l l  ou tpu t  a r e  checked wi th  
I R  lamps energ ized  .) ; 

2) Evacuate test chamber, and check s o l a r  c e l l  ou tpu t s  
wi th  t e s t  p l a t e s  a t  ambient temperature;  

3) Cool s o l a r  c e l l s  t o  -looo + 15OF, and specimen plates 
Check ou tpu t  of s o l a r  c e l l s ;  a t  ambient temperature.  

4 )  Maintain s o l a r  c e l l s  a t  -lOO°F, and h e a t  specimen p l a t e s  
t o  +3500 - + 250F. Check ou tpu t  of s o l a r  c e l l s ;  

5) Maintain cond i t ions  of s t e p  4 )  , check output  of s o l a r  
c e l l s  af ter  a 4-hr per iod;  

6) Maintain cond i t ions  of s t e p  4 ) ,  check output  of s o l a r  
c e l l s  a f t e r  an 8-hr per iod.  

A f t e r  completion of the above sequence there  was no degra- 
d a t i o n  i n  the output  of the s o l a r  c e l l s  du r ing  the vacuum and 
thermal environmental  exposure.  

The outgass ing  c h a r a c t e r i s t i c s  of most m a t e r i a l s  are exponen- 
t i a l  f u n c t i o n s ,  t h e r e f o r e ,  l i t t l e  o r  no contaminat ion can be 
expected as a r e s u l t  of u s ing  these  t e s t e d  materials. I f  a con- 
taminat ion hazard e x i s t e d  i t  would have been de tec t ed  e a r l y  i n  
the performance of t h i s  test .  

P r  oduc t ion Te  s t ing 

This phase of t e s t i n g  covers the p i l o t  product ion of d e t e c t o r /  
panels and inc ludes  both component and subsystem l e v e l s  t h a t  a r e  
composed of p re s su re  swi tch  (component) and a d e t e c t o r / p a n e l  (sub- 
sys  tem) . 
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Pressure switches.  - 

F l i g h t  a s su rance  t e s t i n g :  Two phases of f l i g h t  assurance 
t e s t i n g  w e r e  conducted. The f i r s t  w a s  t o  o b t a i n  specimens f o r  
q u a l i f i c a t i o n  t e s t i n g  and the second w a s  t o  o b t a i n  specimens f o r  
product ion usage. T e s t  parameters of both phases w e r e  i d e n t i c a l  , 
b u t  w e r e  conducted a t  s e p a r a t e  t i m e s .  The f l i g h t  assurance tes t s  
are desc r ibed  i n  the  fol lowing paragraphs.  

I n  the switch t r a n s f e r  p re s su re  tes t  the pressure.  switch 
w a s  connected e l e c t r i c a l l y  and pneumatically t o  the f u n c t i o n a l  
tes t  t o o l  (see f i g s .  100 and 107) .  The specimen t r a n s f e r  and 
r e t u r n  p re s su res  w e r e  checked t o  v e r i f y  t h a t  t h e  t r i p  p o i n t s  w e r e  
w i t h i n  6 + 2.5 ps.ig. This t e s t  w a s  conducted i n i t i a l l y ,  a t  com- 
p l e t i o n  07 dynamics, and a f te r  temperature c y c l i n g .  

I n  the switch c o n t a c t  r e s i s t a n c e  t e s t  the e l e c t r i c a l  s e t u p  
shown i n  f i g u r e  101 w a s  used.  The v o l t a g e  drop a c r o s s  each s e t  
of c o n t a c t s  w a s  measured w i t h  5.0 + 0.2 Vdc c i r c u i t  v o l t a g e  and 
0.5 A and 100 LA c i r c u i t  c u r r e n t .  
drops w e r e  112 mV and 32 uV, r e s p e c t i v e l y .  This  tes t  w a s  a l s o  
conducted i n i t i a l l y ,  a f t e r  dynamics, and a f t e r  temperature cyc l ing .  

- 
The maximum al lowable v o l t a g e  

I n  the helium l e a k  tes t  each specimen w a s  clamped i n t o  a t e s t  
f i x t u r e ,  placed i n  a vacuum chamber (see f i g s .  108 and 109) i n  
which the p re s su re  was reduced t o  1 x 10-5 t o r r ,  o r  less,  p re s su r -  
ized t o  27.4 - + 0.5 p s i a ,  and leakage sensed a t  the  normally ex- 
posed s u r f a c e  of the specimen. The maximum al lowable l e a k  rate 
w a s  1.0 x SCC He/sec. The t e s t  w a s  conducted t h r e e  times 
as wi th  the f u n c t i o n a l  tests.  

I n  the random v i b r a t i o n  tes t  the specimens w e r e  i n s t a l l e d ,  
up t o  12 u n i t s  a t  a t i m e  (see f i g s .  99 and 110), pres su r i zed  t o  
27 .4  + 0.5 p s i g ,  and sub jec t ed  t o  a random v i b r a t i o n  spectrum. 
The spectrum w a s  produced by an  electrodynamic v i b r a t i o n  exciter 
wi th  a shape f l a t  from 200 t o  700 Hz a t  0.381 g2/Hz, r o l l e d  o f f  
a t  3 dB/octave below 200 Hz and 6 dB/octave above 700 Hz. This 
shape y i e l d s  a n  o v e r a l l  l e v e l  of 20.0 grms and w a s  app l i ed  f o r  
5 .O minu tes / ax i s  (see f i g .  111). I n i t i a l l y  each specimen w a s  
monitored f o r  c h a t t e r  i n  excess of 10 usec because i t  w a s  n o t  a 
normally occur r ing  even t .  However, when the  p re s su re  switches 
were reduced i n  we igh t ,  i t  became normal f o r  them t o  c h a t t e r  and 
monitor ing f o r  c h a t t e r  w a s  d i scon t inued .  

The sinewave v i b r a t i o n  tes t  s e t u p  w a s  i d e n t i c a l  t o  t h a t  of 
t he  random v i b r a t i o n  test .  The sinewave spectrum w a s  c o n s t a n t  
displacement  of 0.25 i n .  double amplitude from 5 t o  7 1  Hz, and 
66.7 g peak from 7 1  t o  2000 Hz (see f i g .  112) .  The spectrum 
w a s  swept from 5 t o  2000 Hz i n  a maximum of 4.5 minu tes l ax i s  
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Figure 107.- Functional Test Tool for Pressure Switches and Panel/Detector 
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Z-axis 
MPDD-T-0006 

m: 1. F i x t u r e  i s  capable of v i b r a t i n g  up t o  1 2  
items simultaneously,  four  i n  each ax is .  

2. Axes a r e  def ined using the  wire  leads a s  
reference,  i.e., Y-axis; p a r a l l e l  t o  wire 
leads .  

Pressure  
switch 

Figure 110.- Vibrat ion T e s t  Setup Sketch 
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u s i n g  a n  electrodynamic v i b r a t i o n  exciter.  
requirements w e r e  the same as descr ibed f o r  random v i b r a t i o n .  

C h a t t e r  monitor ing 

For t h e  shock t e s t  t h e  same se tup  was used a s  i n  random and 
sinewave v i b r a t i o n .  The spectrum response method was used t o  ve r -  
i f y  t h e  shock inpu t  and an electrodynamic v i b r a t i o n  e x c i t e r  was 
programed a s  t h e  shock source.  The p u l s e  requirement was 60 g 
peak, 7 .O +_ 1 .O msec sawtooth a s  shown i n  f i g u r e  113. The equiva- 
l e n t  response spectrum i s  shown i n  f i g u r e  114. Cha t t e r  monitoring 
was t r e a t e d  a s  descr ibed f o r  t h e  random v i b r a t i o n  t e s t .  The t e s t  
descr ibed i n  t h i s  paragraph and i n  t h e  two preceding paragraphs 
a r e  ca t egor i zed  t o g e t h e r  a s  "Dynamics" f o r  t h e  purpose of conduct- 
ing f u n c t i o n a l  and l e a k  t e s t s .  

The temperature c y c l i n g  test  c o n s i s t e d  of i n s t a l l i n g  up t o  
e i g h t  specimens i n t o  a s p e c i a l  f i x t u r e  i n  which r e s i s t i v e  h e a t i n g  
elements were imbedded and which a l s o  contained LN2 passages i n  
the  body of the f i x t u r e .  Thermocouples were a t t a  h t o  the body 
of the specimens and were f i r s t  heated t o  +350°F !! 8' OF and then 

cooled t o  -250OF 
0.5 p s i a  throughout the t es t .  Ten c y c l e s  as descr ibed above were 
conducted on the specimens. 

& O F .  The u n i t s  were p res su r i zed  t o  27.4 2: 

The f i r s t  phase of f l i g h t  assurance t e s t i n g  c o n s i s t e d  of two 
Se rvon ics ,  Incorporated candidates  (PD7100075-002, S / N  0000114, 
PD7100075-001, S/N 0000149) and two Car l e ton  Con t ro l s  cand ida te s  
(PD7100075-003, S / N ' s  0000019 and 0000033). A t  t h a t  t i m e  i n  the 
f l i g h t  assurance t e s t i n g ,  the requirement e x i s t e d  , t o  monitor 
c o n t a c t  c h a t t e r  du r ing  dynamics. The four  cand ida te s  c h a t t e r e d  
du r ing  dynamics as fol lows:  

S/N 0000019 Z-axis , .sinewave v i b r a t i o n  
S/N 0000033 X & Y-axes, sinewave v i b r a t i o n  
S/N 0000114 X-axis, sinewave v i b r a t i o n  
S/N 0000149 X-axis , sinewave & random v i b r a t i o n  

No o t h e r  anomalies occurred du r ing  f l i g h t  assurance t e s t i n g  
on the above i t e m s .  

The second phase c o n s i s t e d  of t e s t i n g  78  p re s su re  switches 
sub jec t ed  t o  f l i g h t  assurance t e s t i n g .  Of t h i s  number, 13 u n i t s  
w e r e  r e j e c t e d  f o r  v a r i o u s  reasons.  Five o f  t hese  u n i t s  w e r e  
r e p a i r e d  and later r e t e s t e d  s u c c e s s f u l l y .  By the s ta r t  of the 
second phase,  only Car l e ton  p res su re  switches had s u c c e s s f u l l y  
completed q u a l i f i c a t i o n .  
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Q u a l i f i c a t i o n  t e s t i n g :  Four cand ida te s  (two each of Ser-  
vonics  and Car l e ton  Controls)  were i n i t i a t e d  i n t o  q u a l i f i c a t i o n  
t e s t i n g .  The q u a l i f i c a t i o n  t e s t i n g  w a s  performed on specimens 
t h a t  had p rev ious ly  been f l i g h t  assurance tes ted and cons is t ed  
of the tests desc r ibed  i n  the fol lowing paragraphs.  

The switch t r a n s f e r  p re s su re  t es t  w a s  i d e n t i c a l  t o  t h a t  of 
f l i g h t  assurance t e s t i n g .  It w a s  performed a f t e r  c o n t a c t  burn- 
i n ,  proof p r e s s u r e ,  dynamics, sus t a ined  a c c e l e r a t i o n ,  a c o u s t i c s ,  
and thermal vacuum soak. 

The switch c o n t a c t  r e s i s t a n c e  tes t  w a s  i d e n t i c a l  t o  t h a t  of 
f l i g h t  a s su rance  t e s t i n g .  It w a s  performed a f t e r  c o n t a c t  burn- 
i n ,  proof p r e s s u r e ,  dynamics, a c o u s t i c s ,  and thermal vacuum soak. 

I n  the c o n t a c t  burn-in t e s t ,  u s ing  t h e  c i r c u i t r y  shown i n  
f i g u r e  101, 1 A w a s  app l i ed  t o  each set  of c o n t a c t s  f o r  1 h r .  
The o b j e c t  of t h i s  t es t  was t o  determine i f  c o n t a c t  deg rada t ion  
occurred due t o  h e a t i n g  caused by h ighe r  than a n t i c i p a t e d  cu r -  
r e n t .  A f t e r  t h i s  t e s t ,  c o n t a c t  r e s i s t a n c e  was measured and com- 
pared a g a i n s t  t he  measurements taken du r ing  the l a s t  f l i g h t  
assurance t e s t .  This  t es t  w a s  performed twice, once a t  the 
s t a r t  of q u a l i f i c a t i o n  and once a t  the completion. 

I n  the  i n s u l a t i o n  r e s i s t a n c e  t es t ,  an i n s u l a t i o n  r e s i s t a n c e  

The app l i ed  vo l t age  
tester w a s  connected between each p i n  of t he  swi t ch ,  and the 
switch case and between nonconducting p i n s .  
w a s  500 fg5 Vdc r m s  and w a s  a p p l i e d  f o r  a minimum oE 1 minute.  
The i n s u l a t i o n  r e s i s t a n c e  w a s  measured and recorded.  This  test  
w a s  performed t w i c e ;  once a t  t h e  beginning and once a t  t he  end 
of qua l  i f  ica t ion tes t i n g  . 

The helium l e a k  tes t  w a s  i d e n t i c a l  t o  t h a t  f o r  f l i g h t  
assurance t e s t i n g .  

The proof p re s su re  tes t  s e t u p  was as shown i n  f i  ure 86, A 
tes t  specimen w a s  sub jec t ed  t o  a p res su re  of  5 3 . 4  +LE -o.o p s i g  f o r  
5 minutes.  A f t e r  the proof p re s su re  the specimen received a 
f u n c t i o n a l  and l e a k  tes ts .  

A s u s t a i n e d  a c c e l e r a t i o n  tes t  was performed on q u a l i f i c a t i o n  
test specimens. The test  c o n s i s t e d  of 6 g i n  each of 3 mutually 
pe rpend icu la r  axes f o r  a d u r a t i o n  of 3 minu tes / ax i s .  During the 
test ,  switch c o n t a c t s  were monitored f o r  t r a n s f e r ,  w i th  the  s p e c i -  
men p r e s s u r i z e d  to  27.4 0.5 psia. .  The test  s e t u p  i s  dep ic t ed  
i n  f i g u r e  115 and shown i n  f i g u r e  116. 
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I n  t h e  sinewave v i b r a t i o n  tes t  the s p e c i f i e d  environment t o  
be a p p l i e d  t o  the p re s su re  switches c o n s i s t e d  of a u n i d i r e c t i o n a l ,  
c o n s t a n t  octave sweep, from 5 t o  89 Hz a t  0.25 i n .  double ampli-  
tude,  8 9  t o  2000 Hz a t  100 g peak, f o r  a d u r a t i o n  of 9.0 minutes 
maximum (see f i g .  117).  All q u a l i f i c a t i o n  specimens w e r e  moni- 
tored f o r  c o n t a c t  c h a t t e r  i n  excess of 10 usec while  p re s su r i zed  
t o  27.4 + 0.5 p s i a .  The i n p u t  v i b r a t i o n  w a s  generated by a n  
electrodynamic v i b r a t i o n  exciter (see f i g ,  99) i n  each of t h r e e  
mutual ly  perpendicular  axes. 

A random v i b r a t i o n  environment was app l i ed  t o  t h e  specimens 
which c o n s i s t e d  of  a 30 grms o v e r a l l  l e v e l  f o r  a per iod of 5 min- 
u t e s / a x i s .  The s p e c t r a l  shape was f l a t  from 200 t o  700 Hz a t  0.88 
g2/Hz, r o l l e d  o f f  above 700 Hz a t  6 dB/octave t o  2000 Hz, and 
r o l l e d  o f f  below 200 Hz a t  3 dB/octave t o  10 Hz (see f i g .  118) .  
The e x c i t a t i o n  was app l i ed  i n  each of t h r e e  mutually perpendicular  
axes .  The t e s t  s e t u p  was e s s e n t i a l l y  t h e  same a s  f o r  t h e  sinewave 
t e s t  w i t h  switch c o n t a c t s  monitored f o r  c h a t t e r  i n  excess  of 10 
psec. 

A shock p u l s e ,  s u f f i c i e n t  t o  o b t a i n  the  shock response spec- 
trum shown i n  f i g u r e  114, w a s  generated and app l i ed  by an  e l e c t r o -  
dynamic e x c i t e r  t o  the  s a m e  t es t  s e t u p  employed du r ing  sinewave 
and random v i b r a t i o n .  The spectrum shown above i s  the response 
spectrum r e s u l t i n g  from a p p l i c a t i o n  of a 60 g peak, 11 m s e c  s a w -  
t oo th  pulse  ( f i g .  113) wi th  10% damping employed i n  the a n a l y s i s .  
As i n  o t h e r  dynamic tes t s ,  switch c h a t t e r  i n  excess  of 10 psec 
w a s  monitored. 

For the a c o u s t i c s  the t es t  specimen w a s  mounted i n  a f r e e l y  
suspended f i x t u r e .  An o v e r a l l  sound p res su re  l e v e l  of 151 dB and 
the s p e c t r a l  shape shown i n  f i g u r e  119, w a s  app l i ed  t o  the q u a l i -  
f i c a t i o n  u n i t s .  The t e s t  w a s  conducted i n  a r eve rbe ran t  room 
f a c i l i t y  f o r  a tes t  d u r a t i o n  of 4 minutes.  

The thermal vacuum soak w a s  the f i n a l  q u a l i f i c a t i o n  t e s t  

The t o t a l  
conducted on the  p re s su re  switches.  It w a s  a 30-day t e s t ,  con- 
s i s t i n g  of 15 days a t  350°F and 15 days a t  -2500F. 
tes t  d u r a t i o n  w a s  accomplished a t  a vacuum of 1 x 10-7 t o r r  o r  
less. F igu re  120 shows t h e  tes t  s e t u p  be fo re  t h e  t e s t  specimen 
and b e l l  jar  i n s t a l l a t i o n .  Figure 1 2 1  i s  a n  o v e r a l l  view of the 
tes t  s e t u p .  The tes t  specimens were r equ i r ed  t o  hold 27.4 f 0.5 
p s i g  and w e r e  monitored f o r  c o n t a c t  t r a n s f e r  throughout the-test  
per iod , 

During q u a l i f i c a t i o n  t e s t i n g ,  the fol lowing s i g n i f i c a n t  
events occurred.  
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Figure  1 .20 .- P r e s s u r e  Switch Thermal Vacuum Soak T e s t  S 
Switch I n s t a l l a t i o n  

e t u p  be fo re  

F igu re  121.- Overall T e s t  Setup,  P res su re  Switch Thermal 
Vacuum Soak 
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PD7100075-002, S/N 0000114 w a s  found t o  have ou t -o f - to l e rance  
l e v e l s  when sub jec t ed  t o  c o n t a c t  r e s i s t a n c e  tes ts ,  fol lowing the 
1 A ,  1 h r  c u r r e n t  a p p l i c a t i o n  test .  Two days later,  the u n i t  w a s  
rechecked and found t o  be w i t h i n  r equ i r ed  l i m i t s .  The u n i t  w a s  
continued through t e s t i n g  wi th  no f u r t h e r  evidence of t h i s  type 
of malfunct ion.  A f t e r  the out-of- tolerance r ead ings  f i r s t  oc- 
cu r red ,  the DVM i n  q u e s t i o n  w a s  rechecked by the  C a l i b r a t i o n  
Control  Laboratory and found t o  be good. No exp lana t ion  has been 
resolved f o r  t he  i n i t i a l l y  bad r ead ings ,  

A f t e r  a l l  fou r  u n i t s  were w e l l  i n t o  the  test  program, i t  w a s  
found t h a t  S/N 0000149 w a s  a -001 ins t ead  of a -002 switch.  The 
only d i f f e r e n c e  w a s  a mechanical b i a s i n g  t o  a l l e v i a t e  c h a t t e r  
du r ing  v i b r a t i o n .  Bdcause the change w a s  s l i g h t  and c h a t t e r ,  by 
i t s e l f ,  had been e l imina ted  as a f a i l u r e  cri teria,  it w a s  decided 
t o  cont inue t e s t i n g  on t h i s  u n i t .  

Both S/N 0000114 and 0000149 f a i l e d  q u a l i f i c a t i o n  t e s t i n g .  
More s p e c i f i c a l l y  both u n i t s  leaked,  through the g l a s s  seal  
around the  e lec t r ica l  t e r m i n a l s ,  a t  t he  r equ i r ed  vacuum and t e m -  
p e r a t u r e  cond i t ions  of the h igh  temperature p o r t i o n  of the thermal 
vacuum soak test .  The f a i l u r e  occurred on the f i r s t  day of the 
15-day soak per iod.  It i s  n o t  known whether t h i s  environment 
caused the c racks  i n i t i a l l y  o r  i n t e n s i f i e d  e x i s t i n g  c racks  pro- 
duced by preceding environmental  tes ts  . 

A subsequent a t t empt  t o  q u a l i f y  the Se rvon ics ’  des ign  ended 
i n  f a i l u r e  when the tes t  candidates  leaked fol lowing the dynamics 
t e s t i n g  p o r t i o n  of t he  f l i g h t  assurance tes t .  

I n  summary, PD7100075-003, S/Ns 0000019 and 0000033, m e t  
a l l  requirements of the q u a l i f i c a t i o n  t e s t i n g  and are  considered 
q u a l i f i e d  f o r  use on the MPDD d e t e c t o r / p a n e l s .  PD7100075-001 and 
-002, S/Ns 0000149 and 0000114 f a i l e d  t o  m e e t  a l l  requirements 
of t he  q u a l i f i c a t i o n  t e s t i n g  and should n o t  be considered f o r  use 
on the MPDD d e t e c t o r / p a n e l s  . 

Accelerated l i f e  c y c l i n g  t e s t i n g :  Three specimens were 
sub jec t ed  t o  a c c e l e r a t e d  l i f e  c y c l i n g  t e s t i n g .  They w e r e  Ca r l e ton  
Con t ro l s  u n i t s  S/Ns 0000182, 0000183, and 0000185. These u n i t s  
had p rev ious ly  been sub jec t ed  t o  f l i g h t  a s su rance  t e s t i n g .  The 
ALC t e s t i n g  c o n s i s t e d  of t he  tests desc r ibed  i n  the  fol lowing 
paragraphs.  

The switch t r a n s f e r  p re s su re  test was i d e n t i c a l  t o  t h a t  f o r  
f l i g h t  assurance t e s t i n g .  It w a s  performed be fo re  the s ta r t  of, 
a f t e r  each 3000 c y c l e s  of ALC, and a t  the  complstion of 21 344 
c y c l e s ,  f o r  a t o t a l  of e i g h t  t i m e s .  The test was conducted i n  a 
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s p e c i a l  tes t  f i x t u r e  t h a t  a p p l i e d  p res su re  t o  the  overpressure 
p o r t  of t he  switch and a l s o  maintained the  app l i ed  p res su re  
e x t e r n a l  t o  the switch.  

The switch c o n t a c t  r e s i s t a n c e  tes t  w a s  i d e n t i c a l  t o  t h a t  
of f l i g h t  assurance t e s t i n g .  It w a s  a l s o  performed be fo re  the  
s t a r t  o f ,  a f t e r  each 3000 c y c l e s  of ALC, and a t  the completion 
of 2 1  344 c y c l e s  f o r  a t o t a l  of e i g h t  t i m e s .  

I n  t h e  helium l e a k  test  each specimen w a s  welded i n t o  a 
switch cup, p r e s s u r i z e d ,  and sea l ed  wi th  35.4 + 0.1 p s i a  a t  70°F. 
So t h a t  p o s s i b l e  l e a k  propagat ion phenomena woEld not be d i s t u r b e d ,  
each specimen was ' leak t e s t e d  i n  a sealed cond i t ion .  The l e a k  
test  w a s  conducted by i n s t a l l i n g  the test specimen i n  a b e l l  jar  
adap te r  t o  a helium mass spectrometer  r a t h e r  than the l a r g e  
4x8- f t  chamber used i n  f l i g h t  assurance o r  q u a l i f i c a t i o n  test-  
ing .  A vacuum of 1 .0  x t o r r ,  o r  less w a s  obtained and 
l e a k  ra te ,  i f  any, measured. This test  w a s  conducted e i g h t  
t i m e s  as i n  the above tes ts .  The maximum al lowable l e a k  rate 
w a s  1.0 x SCC He/sec. 

I n  a c c e l e r a t e d  l i f e  c y c l i n g  the specimens were mechanically 
a t t a c h e d  t o  a r o t a t i n g  arm and e l e c t r i c a l l y  connected t o  the  
monitor ing c i r c u i t s  of t he  p re s su re  switch ALC t o o l  (see f i g s ,  
122, 123, and 124). They w e r e  then cycled 2 1  344 times between 
+325OF + 10°F and -90°F + 10°F. 
t a ined  c y  immersing the ';;nits i n t o  a b a t h  of USP 98.5% pure 
g l y c e r i n e  t h a t  was maintained a t  the r equ i r ed  temperature by a 
t h e r m o s t a t i c a l l y  c o n t r o l l e d  h e a t e r .  The cold temperature was 
obtained by immersing the u n i t s  i n t o  a b a t h  of e t h y l  a l c o h o l  
which w a s  maintained a t  the r equ i r ed  temperature by a thermo- 
s t a t i c a l l y  c o n t r o l l e d  l i q u i d  C02 i n j e c t o r .  The cyc le  rate w a s  
i n i t i a l l y  c o n t r o l l e d  by the readout  of a thermocouple imbedded 
i n t o  the c e n t e r  of mass of a "dummy" instrumented p res su re  
switch (see f i g .  125), which w a s  a l s o  a t t a c h e d  t o  the r o t a t i n g  
am. A f t e r  s u f f i c i e n t  d a t a  were obtained t o  f i r m l y  e s t a b l i s h  
the c y c l e  rate r equ i r ed  t o  a l low the t es t  specimens t o  "see" 
the  s p e c i f i e d  temperatures , c y c l e  rate was then c o n t r o l l e d  by a 
synchronous motor-driven t i m e r .  The cyc le  t i m e  was e s t a b l i s h e d  
a t  7.5 minutes/cycle .  A t  3000, 6000, 9000, 12 000, 15 000, 
18 000, and 2 1  344 c y c l e s ,  the ,test items were removed from the 
ALC tes t  s e t u p  and f u n c t i o n a l  'and l e a k  tests performed. 

The high temperature w a s  ob- 
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Figure  123.- Closeup of Hot a n d X o l d  Baths, Pressure Switch ALC T e s t  

F igu Rack 
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The t e s t  r e s u l t s  Erom t h e  p r e s s u r e  swi t ch  ALC t e s t i n g  program 
were completed du r ing  the f i r s t  p a r t  of September 1969. They a r e  
b r i e f l y  summarized below. 

Funct ional  t e s t s  were performed as s p e c i f i e d  i n  t h e  procedure,  
i . e . ,  a t  t h e  s t a r t  o f  ALC a t  about 3000, 6000, 9000, 12 000, 
15 000, 18 000, and 21 344 c y c l e s  of ALC. The d a t a  t aken  be fo re  
s t a r t  were t aken  a t  t h e  completion of FAT, be fo re  welding t h e  
switches i n t o  swi t ch  cups f o r  p r e s s u r i z a t i o n  and s e a l .  A l l  d a t a  
a r e  presented i n  Appendixes A ,  B y  and C .  

Pressure t r a n s f e r  p o i n t :  A t  t h e  3000-cycle shock, it was 
no t i ced  t h a t  t h e  p r e s s u r e  a c t u a t i o n  p o i n t s  had s h i f t e d  down. When 
t h e  s h i f t  was f i r s t  ob ta ined ,  it was be l i eved  t h a t  i t  was caused 
by p res su re  l e a k i n g  p a s t  t h e  t h r e a d s  of t h e  swi t ch  assembly. To 
p rec lude  t h e  "dynamic" p r e s s u r e  r e a d i n g s ,  a f i x t u r e  was f a b r i c a t e d  
i n  which t h e  p r e s s u r e  swi t ch  was i n s t a l l e d .  The purpose of  t h e  
f i x t u r e  was t o  provide an  atmosphere around t h e  p re s su re  swi t ch  
a t  t h e  same p r e s s u r e  be ing  a p p l i e d  t o  t h e  ove rp res su re  p o r t  o f  t h e  
u n i t .  Th i s  was done t o  e l i m i n a t e  t h e  A P  between t h e  atmospheric 
s i d e  of t h e  p r e s s u r e  swi t ch  and t h e  surrounding e x t e r n a l  p re s su re  
t h a t  caused p r e s s u r e  t o  l e a k  p a s t  t h e  t h r e a d s ,  A t  t h e  6000-cycle 
check,  t h e  s h i f t  cont inued down even though t h e  p r e s s u r e  f i x t u r e  
was used. Examination o f  t h e  switch s t r u c t u r e  showed t h a t  con- 
taminants ,  between t h e  B e l l e v i l l e  a c t u a t i o n  washer and t h e  t r i p  
lever could cause  t h e  same e f f e c t ,  e s s e n t i a l l y  t h e  same a s  screw- 
i n g  t h e  e l e c t r i c a l  p o r t i o n  of t h e  switch i n t o  t h e  body. It was 
decided t o  con t inue  t h e  t e s t  t o  completion and then  examine t h e  i n -  
t e r n a l  p o r t i o n  of t h e  switch.  A f t e r  t a k i n g  p r e s s u r e  measurements 
a f t e r  21 448 c y c l e s ,  t h e  switch was disassembled,  c l eaned ,  and re-  
assembled. The p r e s s u r e  measurements obtained were much c l o s e r  t o  
t h e  o r i g i n a l  r ead ings ,  which v e r i f i e d ,  t o  a l a r g e  e x t e n t ,  t h e  ac- 
t i o n  o f  contaminants i n  reducing t h e  p r e s s u r e  a c t u a t i o n  l e v e l s .  
Some chang'e (approximately 1 p s i )  appears  t o  have been a r e s u l t  o f  
t h e  t e s t  environment o r  d u r a t i o n .  A summary of t h e s e  p r e s s u r e  
measurements i s  presented i n  t a b l e  19.  

Contact r e s i s t a n c e :  I n  a l l  specimens, r e s i s t a n c e  i n c r e a s e d ,  
bu t  d id  no t  exceed s p e c i f i c a t i o n  l i m i t s .  

Helium l e a k  t e s t s  were performed as  s p e c i f i e d  a f t e r  approx- 
imately each 3000 c y c l e s .  No leak i n d i c a t i o n s  were observed du r ing  
any t e s t s  performed. 
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The ALC t e s t i n g  was performed as  r equ i r ed  by t h e  t e s t  pro-  
cedure.  A l l  t h r e e  specimens completed 21 448 c y c l e s  a t  t h e  spe- 
c i f i e d  t e s t  temperatures .  A t  approximately each 3000 c y c l e s ,  t h e  
specimens were removed from t h e  t e s t  t o o l  and t h e  r equ i r ed  func- 
t i o n a l  and l e a k  t e s t s  were performed. A t  no t i m e  du r ing  t h e  cy- 
c l i n g  d i d  a "NO/GO" l i g h t  ene rg ize .  S i g n i f i c a n t  even t s  o r  anom- 
a l i e s  a r e  d i scussed  i n  t h e  fol lowing paragraphs.  A t y p i c a l  temp- 
e r a t u r e  c y c l e ,  of t h e  recorded temperature  of  a l l  t h r e e  thermo- 
coup les ,  i s  shown i n  f i g u r e  126.  

In  determining which f l u i d s  t o  use f o r  t h e  two temperature  
b a t h s ,  a check was'made w i t h  t h e  manufacturers  t o  a s s u r e  compati- 
b i l i t y  of  m a t e r i a l s  between the swi t ch  and t h e  b a t h  f l u i d s .  Af t e r  
r e c e i v i n g  p o s i t i v e  r e s u l t s ,  g l y c e r i n e  and e thy lene  a l c o h o l  were 
s e l e c t e d .  Almost immediately a f t e r  s t a r t i n g  t h e  t e s t ,  t h e  RTV 
p o t t i n g ,  on t h e  microswitch p o s t s  began t o  s w e l l .  The p o t t i n g  
p r o g r e s s i v e l y  d e t e r i o r a t e d  u n t i l  i t  was completely gone a t  t h e  
9000-cycle shutdown. The l o s s  o f  p o t t i n g  d i d  no t  immediately 
a f f e c t  t h e  ope ra t ion  of  t h e  p r e s s u r e  switches.  Two s i d e  e f f e c t s  
of  p o t t i n g  l o s s  were: (1) t h e  p o t t i n g  "form," o r  t o p  h a l f  o f  t h e  
microswitch assembly was f r e e  t o  move once t h e  p o t t i n g  was gone 
and shor t ed  t h e  microswitch p o s t s  t o  ground caus ing  t h e  "GO" 
l i g h t  t o  f l i c k e r .  The form was removed on each switch,  which 
c o r r e c t e d  t h e  s i t u a t i o n ;  and (2) repeated c y c l i n g  a f t e r  t h e  l o s s  
a f  r e s t r a i n t  a f fo rded  by t h e  p o t t i n g  e v e n t u a l l y  caused w i r e  break- 
age, from t h e  microswitch p o s t s  on S/N 0000183 only .  
between 15 000 c y c l e  and 18 000 c y c l e  checks.  The switch was con- 
t i n u e d  i n  c y c l i n g  without  monitor ing u n t i l  completion. Funct ional  
checks were s t i l l  made by u s i n g  c l i p  l e a d s  on t h e  switch p o s t s .  

Th i s  occurred 
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Detec to r /pane l s  .- 
F l i g h t  assurance t e s t i n g :  The f l i g h t  a s su rance  test pro- 

gram w a s  conducted on those i t e m s  s e l e c t e d  from the Design and 
Development phase of the program. The cand ida te  c o n f i g u r a t i o n s  
w e r e  : 

B l A  Panel 

C 1  Panel 

D2A Dual De tec to r  

D3A De tec to r  

E l A  De tec to r  

8280-04000 7 each 

8280-07000 6 each 

8280-13000 3 each 

8280-16000 4 each 

8280-19000 4 each 

E38 De tec to r  8280-25000 6. each 

FlA Panel w i th  Bumper Shee t  8280-28000 10 each 

The f l i g h t  a s su rance  t e s t i n g  c o n s i s t e d  of the tests d i s -  
cussed i n  the  fol lowing paragraphs.  

The p res su re  switch w a s  connected e l e c t r i c a l l y  and pneumati- 
t he  f u n c t i o n a l  test  t o o l  (see f i g s .  100 and 107). The 
t r a n s f e r  and r e t u r n  p re s su res  were checked t o  v e r i f y  

This test  w a s  t h a t  t h e ,  t r i p  po in t s .were  w i t h i n  6 2 2.5 p s i g .  
conducted i n i t i a l l y ,  a f t e r  proof p re s su re ,  a f t e r  dynamics (random 
v i b r a t i o n )  , and a f t e r  thermal cyc l ing .  

To test  switch c o n t a c t  r e s i s t a n c e  the  electrical  s e t u p  shown 

.2 Vdc c i r c u i t  v o l t a g e  gnd 0.5 A 
i n  f i g u r e  101 w a s  used. 
c o n t a c t s  w a s  measured w i t h  5..0 

The v o l t a g e  drop a c r o s s  each set  o f  

d 100 uA c i r c u i t  c u r r e n t .  The maximum al lowable v o l t a g e  drops 
re 112 mV and 32 uV, r e s p e c t i v e l y ,  This  tes t  was conducted 

i n i t i a l l y ,  a f t e r  proof p r e s s u r e ,  a f t e r  dynamics, and a f t e r  t h e r -  
- m a l  c y c l i n g .  

For the  helium l e a k  ,test each specimen w a s  placed i n  a vacuum 
chamber (see f i g s .  108 and 127) i n  which t h e  p re s su re  w a s  reduced 
t o  1 x lom5 t o r r ,  o r  less ,  p re s su r i zed  to  27.4 10.5 p s i a ,  and 
leakage sensed a t  the normally exposed s u r f a c e  sf  t he  specimen. 
The maximum a l lowab le  l e a k  rate was determined by t h e  tes t  spec i -  
men volume (see RGA l e a k ) .  The test  was conducted a f t e r  proof 
p r e s s u r e ,  a f t e r  dynamics, and a f t e r  thermal c y c l i n g  on the D3A, 
E l A ,  E3A, and FlA specimens. For the  BlA, C 1 ,  and D2A specimens, 
t h e  test  w a s  conducted a f t e r  dmamics  and a f t e r  thermal cyc l ing .  
The i n i t i a l  l e a k  test  f o r  t he  B U ,  Cl, and D2A i t e m s  w a s  a n  RGA 
l e a k  test  (see below). 
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The r e s i d u a l  gas a n a l y s i s  (RGA) l e a k  tes t  w a s  conducted as 
the i n i t i a l  l eak  t e s t  on the  B U Y  C 1 ,  and D2A specimens. The 
purpose of t h i s  test  w a s  t o  determine i f  leakage between the 
s e p a r a t e  ha lves  of t he  specimens w a s  occu r r ing .  
t h a t  no e x t e r n a l  leakage occurred,  as i n  t h e  helium l e a k  tes t .  
Each specimen w a s  placed i n  the vacuum chamber and the p re s su re  
reduced t o  1 x 10-5 t o r r ,  o r  less.  
men w a s  p re s su r i zed  t o  27.4 2 0.5 p s i a  w i th  Krypton and leakage 
sensed on the unpressurized s i d e  ( s e e  f i g .  1 2 8 ) .  The second 
s i d e  w a s  p re s su r i zed  wi th  helium while  t he  f i r s t  s i d e  w a s  evacu- 
a t e d .  This  would al low sensing of leakage from the second s i d e  
i n t o  the  f i r s t  s i d e .  Ex te rna l  leakage w a s  sensed i n  the  same 
manner as i n  a helium l e a k  t e s t .  The maximum al lowable l eak  
rates were : 

It a l s o  v e r i f i e d  

The f i r s t  s i d e  of t he  s p e c i -  

BlA 82 8 0 - 04 0 00 1 . 7  x s c c / s e c  

c1 8280-07000 3.0 x lom8  s c c / s e c  

D2A 

D3A 

E l A  

82 80 - 13 000 1.6 x scc/sec 

8280-16000 4.0 x scc / sec  

8280-19000 3.7 x scc/sec 

E3A 8280-25000 1.1 x scc/sec 

FlA 8280 -28000 1.2 x scc/sec 

Figure 129 shows the RGA and chamber c o n t r o l  conso le s .  

For t h e  random v i b r a t i o n  t e s t  t h e  specimens were i n s t a l l e d ,  
e i t h e r  s i n g l y  (D2A, D3A, EIA, and E3A) o r  up t o  t h r e e  a t  a t i m e  
(BlA, C 1 ,  and FlA) on the  v i b r a t i o n  t e s t  f i x t u r e  (see f i g s .  130 
and 131) and sub jec t ed  t o  a random v i b r a t i o n  i n p u t  generated by 
a n  electrodynamic v i b r a t i o n  e x c i t e r .  The shape of the a p  l i e d  

r o l l e d  o f f  from 200 t o  20 Hz a t  3 dB/octave and 6 dB/octave from 
700 t o  2000 Hz. This shape y i e l d s  a n  o v e r a l l  l e v e l  of 7.4 grms 
and w a s  app l i ed  f o r  5 .0  minutes/axis  (see f i g .  131).  F igu res  
132 t h r u  135 show equipment used du r ing  v i b r a t i o n  and th ree  t y p i -  
ca l  tes t  s e t u p s .  

v i b r a t i o n  spectrum w a s  f l a t  from 200 t o  700 Hz a t  0.052 g .5 /Hz, 

For thermal c y c l i n g ,  each specimen w a s  sub jec t ed  t o  100 
thermal c y c l e s  between 325 22' OF and -90, -60, -50 o r  -20 24: O F ,  
depending on t h e  specimen (see'  t a b l e  20 ) .  The t e s t  temperatures 
w e r e  obtained u s i n g  r e s i s t i v e  h e a t i n g  f o r  t he  high temperature 
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Figure 129.-  Photo of RGA Leak T e s t  Setup 
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Figure 130.- Vibra t ion  Tes t  Setup, 40x49-in. Detector,  FAT 
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Figure 133.- Control  In s t rumen ta t ion  Equipment, Dynamics, Detector /Panel  FAT 

Figure 134.- X-Axis Vib ra t ion  and Shock T e s t  Setup, 40x49-in. De tec to r  
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Figure 135.- Y-Axis Vibration and Shock Test Setup, 40x49-in. Detector 

.... ... 

- 

Figure 136.- Z-Axis Vibration and Shock Test Setup, 40x49-inS Detector 
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TABLE 20.- DETECTOWPANEL THERMAL CYCLING TEMPERATURE LmXTS 

High 

(a)  
l i m i t  

D e  t e c  to r /pane l  
des igna t i o n  

Low 
1 i m i  t 

( 4  

BLA 

c1 

D3A 

ELA & E3A 

F 1A 
(w/o bumper) 

S t a i n l e s  s 
steel  

th ickness ,  i n .  
( t a r g e t )  

0.008 

0.016 

0.027 

0.042 

0.002 

Detector/panel sk in  temperature l i m i t s ,  OF 

+10 325 +50 1 -90 -30 -10 

+10 
325 -10 +50 I -50 -30 

D i f f e r e n t i a l  ( A t )  
between heated s i d e  

and o the r  s i d e  
(b) (c)  

+14 
-0 

+14 
-0 

+14 
-0 

+18 
l8 -0 

N /A 

NOTE: The tes t  s h a l l  be stopped wi th in  100 thermal cyc le s  of any switch 
t r a n s f e r  t o  v e r i f y  d e t e c t o r  pressure  and switch func t iona l  charac- 
t e r i s t i c s .  Each occurrence of switch t r a n s f e r  and subsequent 
v e r i f i c a t i o n  of d e t e c t o r  pressure  and switch func t iona l  charac te r -  
i s t ics  s h a l l  be repor ted  on the t e s t  d a t a  s h e e t s .  

a )  A survey s h a l l  be conducted on each r ep resen ta t ive  conf igu ra t ion  
and f i x t u r e  t o  e s t a b l i s h  the performance c h a r a c t e r i s t i c s  of the 
f i x t u r e  and t o  provide d a t a  f o r  l oca t ion  of c o n t r o l  and monitor 
thermocouples. During the survey the  f i x t u r e  s h a l l  be ad jus ted  
so  t h a t  the  average high and low temperatures on both s i d e s  f a l l  
w i th in  the l i m i t s  se t  i n  the  t ab le .  A minimum of s i x  thermocouples 
s h a l l  be i n s t a l l e d  on one s i d e  and two thermocouples on the  o ther  
s i d e  of each conf igu ra t ion  f o r  use i n  determining the  average tem-  
pera ture .  One of these thermocouples s h a l l  be i n s t a l l e d  on a 
d e t e c t o r  p i l low cen te r  near each de tec to r  co rne r ,  and the remaining 
two thermocouples s h a l l  be i n s t a l l e d  on sepa ra t e  p i l low cen te r s  
near the  d e t e c t o r  cen te r .  

b) The d i f f e r e n t i a l  ( A t )  s h a l l  be obtained a t  least once dur ing  each 
cyc le .  Zero A t  may occur dur ing  the  balance of the cyc le .  

c )  D i f f e r e n t i a l  ( A t )  does not  apply t o  the  FAT thermal cyc le  test 
on specimens t o  be subjec ted  t o  q u a l i f i c a t i o n  and ALC t e s t i n g .  

238 



and a n  LN2 sp ray  f o r  the co ld  temperature.  Thermocouples were 
a t t a c h e d  t o  the  t e s t  specimens t h a t  w e r e  used t o  c o n t r o l  the 
a p p l i c a t i o n  of c u r r e n t  o r  LN2 sp ray  by means of the ALC Control  
Console shown i n  f i g u r e  137. 
tored f o r  p re s su re  l o s s  o r  decay as shown schemat i ca l ly  i n  
f i g u r e  138. Each specimen w a s  p re s su r i zed  and sea l ed  wi th  a 
helium p res su re  of 35.4 2 0.1 p s i a .  
simulate vacuum cond i t ions .  

The p res su re  switches w e r e  moni- 

This  ove rp res su re  w a s  t o  

The tes t  h i s t o r y  of t he  FAT program i s  presented i n  t a b l e  
21.  During the course of t e s t i n g  e i g h t  test  f a i l u r e s  occurred.  
The i t e m s  a f f e c t e d  were the B l A ,  S/N 0000105; C 1 ,  S/N 0000101; 
D2A, S/N 0000101; E l A ,  S/N 0000105; FlA, S/N 0000101; FlA, S/N 
0000102; FlA,  S/N 0000103; FlA, S/N 0000105; and FlA, S/N 0000108. 

C 1 ,  S/N 0000101 had h igh  c o n t a c t  r e s i s t a n c e  a t  100 uA c u r r e n t  
and 4.999 Vdc (268.8 uv measured average ve r sus  32 uv al lowable 
maximum). The e lectr ical  p o r t i o n  of the switch w a s  r ep laced  (see 
MARS B50941) and the specimen sub jec t ed  t o  dynamics a second t i m e .  
The retest  and the remaining f l i g h t  assurance t e s t i n g  w e r e  success-  
f u l l y  completed. 

The D2A, 8280-13000, S/N 0000101 specimen f a i l e d  the i n i t i a l  
RGA tes t  (see MARS B50966). The f a i l u r e  w a s  a l e a k  a t  the  fus ion  
weld t h a t  j o i n s  the  f i l l  tube t o  the  r i n g  weld f i t t i n g .  The fu-  
s i o n  weld was r e p a i r e d  and a helium l e a k  t e s t  performed t o  v e r i f y  
the r e p a i r .  The specimen was given an RGA t e s t  a s  i t s  f i n a l  FAT 
Leak t e s t  and was s u c c e s s f u l .  

The E l A ,  8280-19000, S/N 0000105 specimen f a i l e d  the pos t -  
dynamics helium l e a k  t e s t ,  The measured l e a k  rate w a s  6.4 x 
SCC He/sec and w a s  i s o l a t e d  t o  the  p re s su re  switch diaphragm 
(see MARS B60712). The s u b j e c t  p re s su re  switch w a s  removed, a 
new switch welded i n  i t s  p l a c e ,  and the  specimen r e t e s t e d  through 
dynamics. The remainder of t he  FAT sequence w a s  s u c c e s s f u l l y  
completed . 

FlA, 8280-28000, S/Ns 0000101 and 0000102 i t e m s  leaked a f t e r  
completion of the the rma l -cyc l ing  test  (see MARS B65014 and MARS 
B42462). The S/N 0000101 w a s  l eak ing  a t  a rate of 1.0 x SCC 

He/sec whi l e  t he  S/N 0000102 had a l e a k  rate of 6.0 x 10-7 SCC 

He/sec. Both l eaks  occurred a t  the  r i n g  weld f i t t i n g .  Each 
panel  had one bad s i d e  and one good s i d e .  The bad s i d e s  w e r e  
scrapped and the  good s i d e s  w e r e  mated t o  produce S/N 000010lA. 

The FlA, 8280-28000, S/N 0000103 specimen a l s o  leaked f o l -  
lowing thermal c y c l i n g .  A s  w i t h  the  above cases, the  good s i d e  
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Figure  1 3 7 . -  Thermal Cycling and ALC Contro l  Console 
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w a s  salvaged and la te r  mated wi th  a new b u i l d  h a l f  t o  produce 
S/N 0000103A. 

I 

F l A ,  8280-28000, S/N 0000105 i s  the only specimen t o  f a i l  
dur ing  tes t .  The f a i l u r e  w a s  d i r e c t l y  c o n t r i b u t a b l e  t o  an  over- 
hea t ing  cond i t ion  t h a t  occurred a t  approximately the  80 th  c y c l e ,  
The overheat ing occurred as a r e s u l t  of the h igh  r e s i s t a n c e  
c rea t ed  by the  s p l i c e  s t r i p  which j o i n s  the  two ha lves  of a n  FlA 
panel .  F igures  139, 140, and 141 are photographs of the  damage. 
The panel w a s  s eve re ly  damaged and w a s  removed from f u r t h e r  
t e s t i n g .  

For B l A ,  S/N 0000105 d e t e c t o r ,  throughout the 100 cyc le  
thermal cyc l ing  t e s t ,  a "no-go" l i g h t  w a s  l i g h t e d  on the  pressure  
switch S/N 0000155 s i d e  (see MARS B42100). A t  the conclus ion  of 
the 100 c y c l e s ,  the specimen w a s  subjec ted  t o  a v e r i f i c a t i o h  of 
i n t e r n a l  pressure  by back pressur ing  the pressure  swi tch .  ?h is  
could n o t  be done because of what w a s  subsequent ly  found t o  be 
a blocked f i l t e r .  The f i l t e r  w a s  blocked by p o t t i n g  dur ing  the 
switch p o t t i n g  opera t ion  t h a t  preceded thermal cyc l ing .  The 
f i l t e r  was removed and the specimen success fu l ly  resubjec ted  t o  
100 cyc le s  of thermal cyc l ing .  

The FlA, S/N 0000108 panel  o r i g i n a l l y  passed FAT and went 
i n t o  q u a l i f i c a t i o n  t e s t i n g  where i t  subsequent ly  f a i l e d  the post-  
a c o u s t i c s  helium l eak  test  (see MARS B65065). The above MARS 
ordered r e p a i r  and re-FAT as  a de l ive rab le  i t e m .  The r e p a i r  made 
w a s  t o  i n s t a l l  a se rpen t ine  f i l l  tube.  During the re-FAT, the 
i t e m  w a s  found t o  l eak  a t  the braze connect ion made dur ing  
i n s t a l l a t i o n  of  the  se rpen t ine  tube (see MARS B66035). The braze 
w a s  r epa i r ed  and a t h i r d  FAT w a s  performed. The specimen w a s  
success fu l  dur ing  t h i s  test .  I n  summary, t h i s  specimen under- 
went complete FAT once , q u a l i f i c a t i o n  t e s t i n g  through a c o u s t i c s  , 
re-FAT through dynamics, and the t h i r d  FAT completely.  

A s  a r e s u l t  of the leak  f a i l u r e s  incur red  dur ing  the FAT 
program, the f i l l  tube,  between the  switch cup and the  t a r g e t  
s h e e t ,  w a s  redesigned on the B l A  and FlA panels .  The des ign  
change w a s  t o  rep lace  the r i g i d  1/8- in .  O.D. f i l l  tube wi th  a 
s e r p e i t i n e  tube 1/16-in.  O.D.  
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F i g u r e  139.- Top V i e w  of Damage 
to FlA, S/N 0000105 

F i g u r e  140.-  Bottom V i e w  of 
Overall S p l i c e  Area, FlA, 
S/N 0000105 

F i g u r e  141.- Closeup of Top V i e w  
of Damage t o  FlA, S/N 0000105 
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Q u a l i f i c a t i o n  t e s t i n g :  
conducted on the  fol lowing items: 

The q u a l i f i c a t i o n  tes t  program was 

B 1A 8280-04000 S/N 0000101 

B 1A 8280-04000 S/N 0000103 

BlA 8280-04000 S/N 0000103A 

c1 8280-07000 S/N 0000104 

c1 8280-07000 S/N 0000107 

D2A 8280-13000 S/N 0000102 

D3A 8280-16000 S/N 0000101 

E 1A 8280-19000 S/N 0000102 

E3A 8280 -25 000 S/N 0000101 

FlA 8280-28000 S/N O O O O l O l A  

FlA 8280 -28000 S/N 0000108 

FlA 8280 -28000 S/N 0000109 

The q u a l i f i c a t i o n  t e s t i n g  cons is ted  of tests descr ibed i n  
the fol lowing paragraphs.  

Switch t r a n s f e r  pressure .  This  test  was  i d e n t i c a l  t o  t h a t  
descr ibed  f o r  FAT. It w a s  performed before  the  s t a r t  of t e s t i n g ,  
a f t e r  dynamics , a f t e r  a c o u s t i c s  , and a f t e r  the 30-day thermal 
vacuum soak test .  

The switch c o n t a c t  r e s i s t a n c e  tes t  w a s  i d e n t i c a l  t o  t h a t  
descr ibed  f o r  FAT. It w a s  performed before  the s tar t  of t e s t i n g ,  
a f t e r  dynamics , a f t e r  a c o u s t i c s  , and a f t e r  thermal vacuum soak. 

The helium l e a k  test  w a s  i d e n t i c a l  t o  t h a t  descr ibed f o r  
FAT and w a s  performed before  the  s t a r t  o f ,  a f t e r  dynamics, a f t e r  
a c o u s t i c s  , and a f t e r  thermal-vacuum soak o n , t h e  D3A, ElA, E3A, 
and F1A specimens. For the BlA, C 1 ,  and D2A specimens, the  
l a s t  tes t  only (post-thermal-vacuum soak l eak )  w a s  a n  RGA t e s t .  
The maximum a l lowable  l eak  rate w a s  determined by the tes t  
specimen volume and w a s  as de l inea ted  f o r  FAT. 
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The r e s i d u a l  gas a n a l y s i s  test  w a s  i d e n t i c a l  t o  t h a t  des-  
c r ibed  f o r  FAT. It w a s  performed on the  BIA, C 1 ,  and D2A 
specimens as the  f i n a l  l eak  test  (post-thermal-vacuum soak).  

For the sinewave v i b r a t i o n  test the s p e c i f i e d  environment 
t o  be app l i ed  t o  the  pressure  switches cons i s t ed  of a n  un id i -  
r e c t i o n a l ,  cons t an t  octave sweep, from 5 t o  10 Hz at 0.4 i n .  
double ampli tude,  2 g peak from 10 t o  44 Hz, 0.02 i n .  double 
amplitude from 44 t o  96 Hz, and 10 g peak from 96 t o  2000 Hz 
(see f i g .  141) .  This  two-step sweep w a s  app l i ed  f o r  a dura t ion  
of 9.0 minutes maximum p e r  axis. Each specimen w a s  p ressur ized  
t o  27.4 + 0.5 p s i a .  The inpu t  v i b r a t i o n  w a s  generated by a n  
electrodynamic v i b r a t i o n  exciter i n  each of th ree  mutual ly  p e r -  
pendicular  axes. The tes t  s e t u p  w a s  i d e n t i c a l  t o  f l i g h t  a s s u r -  
ance t e s t i n g  and i s  shown i n  f i g u r e s  133 th ru  136 .  

A random v i b r a t i o n  environment w a s  app l i ed  t o  the specimens. 
This  environment cons is ted  of an 11.1 grms o v e r a l l  l e v e l  f o r  a 
period of 5 minu tes l ax i s .  The s p e c t r a l  shape w a s  f l a t  from 200 
t o  700 Hz a t  0.12 g2/Hz, r o l l e d  o f f  above 700 Hz a t  6 dB/octave 
t o  2000 Hz, and r o l l e d  o f f  below 200 Hz a t  3 dB/octave t o  10 Hz 
(see f i g .  143) .  The e x c i t a t i o n  w a s  appl ied  i n  each of th ree  
mutually perpendicular  axes .  The tes t  se tup  w a s  the same as 
f o r  f l i g h t  assurance t e s t i n g .  

A shock pu l se ,  s u f f i c i e n t  t o  ob ta in  the shock response spec- 
t r u m  shown i n  f i g u r e  144 w a s  generated and appl ied  by a e l e c t r o -  
dynamic exciter t o  the  same tes t  se tup  employed dur ing  sinewave 
and random v i b r a t i o n .  The spectrum shown i s  the response spec- 
t r u m  r e s u l t i n g  from a p p l i c a t i o n  of a 50 g peak, 11 msec sawtooth 
pulse  ( f i g .  145) wi th  10% damping employed i n  the  a n a l y s i s .  

For the a c o u s t i c s  t e s t  the  test  specimens w e r e  mounted i n  
the r i n g  frame f i x t u r e  used f o r  dynamics tes ts .  This f i x t u r e  
w a s  r i g i d l y  mounted t o  a suppor t  frame. An o v e r a l l  sound p r e s -  
su re  level of 151 dB nominal, wi th  the  s p e c t r a l  shape shown i n  
f i g u r e  146, w a s  appl ied  f o r  a du ra t ion  of fou r  minutes.  Figures  
147, 148, and 149 show c o n t r o l  and ins t rumenta t ion  equipment and 
t y p i c a l  test  se tups  f o r  the  de t ec to r /pane l s .  The p l a s t i c  cover- 
i ng  shown placed i n  f r o n t  of the  panels  w a s  t o  p r o t e c t  them f r h  
r e s i d u a l  o i l  spray emanating from the random s i r e n .  

The thermal vacuum soak test  w a s  the  f i n a l  t es t  scheduled 
t o  be performed. A l l  test specimens w e r e  subjec ted  t o  t h i s  
environment s imultaneously i n  the  Space Simulat ion Laboratory 's  
29x45-ft vacuum chamber. The s p e c i f i e d  specimen temperatures 
w e r e  3500F (plus  200, minus Oo) f o r  the  h o t  soak and -2500F 
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Figure  142.- Sinewave V i b r a t i o n  S p e c i f i c a t i o n ,  De tec to r IPane l  Qua l  
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(p lus  O o ,  minus SO0) f o r  the cold soak. 
n o t  t o  exceed 1 x t o r r  dur ing  the test  per iods (two 15-day 
per iods f o r  a t o t a l  of 30  days) .  

Chamber pressure  w a s  

An aluminum f i x t u r e  w a s  designed and f ab r i ca t ed .  This 
f i x t u r e  supported the  test  panels  f ac ing  each o t h e r ,  i n  p a i r s ,  
wi th  an  a r r a y  of i n f r a r e d  lamps between each p a i r .  The unheated 
s i d e  of each panel  had a n  unobstructed view of the  chamber w a l l  
whi le  the rest of the  assembly w a s  enshrouded wi th  Alzac s p e c -  
t ra l  f i n i s h  aluminum. Figure 150 i s  a photograph of a po r t ion  
of the  f i x t u r e  showing one of  the I R  a r r a y s  wi th  both t es t  
panels  removed. The MPDD panels  w e r e  mounted on the f i x t u r e  i n  
the arrangement shown i n  f i g u r e  151. Each panel  w a s  a t tached  
t o  the  s t r u c t u r e  us ing  Teflon bracke ts  t h a t  provided thermal/  
e lec t r ica l  i s o l a t i o n .  Technicians are shown i n s t a l l i n g  the D2A 
dua l  d e t e c t o r  i n  f i g u r e  152. Two of the panels  (Cl, S / N  104 and 
E l A ,  S/N 102) were mounted us ing  f l i g h t - t y p e  mounting hardware 
i n  o rde r  t o  q u a l i f y  these  components as w e l l  as the panels .  The 
e n t i r e  t e s t  se tup  w a s  suspended- from the chamber l i d  as shown i n  
f i g u r e  153, and a l l  power cab l ing ,  thermocouple w i r e s ,  and switch 
l eads  were brought ou t  of the chamber through the l i d  and spool-  
p i e c e  feedthroughs.  This  s impl i f i ed  p r e t e s t  and p o s t t e s t  check- 
ou t s  and e l imina ted  the  need f o r  personnel t o  e n t e r  the chamber. 

Two paste-on thermocouples were a t t ached  t o  each t e s t  panel 
near  i t s  c e n t e r .  Thermocouples w e r e  i n s t a l l e d  only on the un- 
heated s i d e  i n  a l l  cases. One of each p a i r  of thermocouples w a s  
used t o  monitor the temperature of the panel  while  the o ther  one 
w a s  used as e i t h e r  an  IR feedback c o n t r o l  o r  as a backup f o r  
t h i s  c o n t r o l .  A t o t a l  of 1 7  p ressure  switches w e r e  mounted on 
the t en  pane ls .  The p o s i t i o n  of these  switches w a s  monitored on 
a go/no-go panel  t h a t  d i sp layed  a green l i g h t  f o r  normally-open 
con tac t s  OPEN and a red l i g h t '  i f  the  con tac t s  t r ans fe r r ed  t o  the 
CLOSED pos i t i on .  The monitor panel w a s  wired so  t h a t  i f  a red 
l i g h t  came on i t  would s t a y  on u n t i l  reset .  

Photographs of the  loading opera t ion  are  shown i n  f i g u r e  
154. 

A chronologica l  s u d r y  of q u a l i f i c a t i o n  t e s t i n g  i s  shown 
i n  t a b l e  22 .  During the course of q u a l i f i c a t i o n  t e s t i n g ,  the 
fol lowing s i g n i f i c a n t  events  occurred. 

The B l A ,  8280-04000, S/N 0000103 specimen leaked dur ing  
the helium l e a k  tes t  performed a f t e r  the a c o u s t i c s  t es t .  The 
l eak  w a s  loca ted  on the  switch cup a t  a c i r cumfe ren t i a l  c rack  
i n  the  forming r ad ius .  The switch assembly, S/N 0000058, w a s  
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Figure 150.- Infrared Lamp Array for 40x49-in. Detector 
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B1A SIN 101 

&Support  f i x t u r e  

B1A S I N  103 

C l  SIN 107 

F l A  SIN 109 

E1A SIN 102 

rMPDD 

F i g u r e  151.- Sketch o f  T e s t  Se tup ,  Thermal Vacuum Soak 
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F i g u r e  152.- Installation of D2A Dual Detector  
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F i g u r e  1 5 3 . -  T e s t  Holding F i x t u r e  shown Suspended from Chamber Lid 
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a 

b 

F i g u r e  154 .- Loading O p e r a t i o n s  
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TABLE 22.- CHRONOLOGICAL SUMMARY 
OF QUALIFICATION TESTING 

Date 

37/12/68 

37/18/68 

38/09/68 

38/14/68 

08/20/68 

08/21/68 

08/23/68 

08/27/68 

02 106 / 6  S 

02/07/6S 

02 11416 S 

02 I14 16 5 

02 /14/65 

02/14/65 

02 11416 5 

02/14/65 

02/17/65 

02/17 165 

02/17 165 

02/17/65 

02/18/65 

02/18/65 

02/18/65 

02 12 7/65 

02/28/6! 

I t e m  nomenclature , 
p a r t  no. ,  and s e r i a l  no. 

DZA, 8280-13000, 0000102 

D2A, 8280-13000, 0000102 

DZA, 8280-13000, 0000102 

D2A, 8280*-13000, 0000102 

DZA, 8280-13000, 0000102 

DZA, 8280-13000, 0000102 

D2A, 8280-13000, 0000102 

D2A, 8280-13000, 0000102 

E l A ,  8280-19000, 0000102 

E l A ,  8280-19000, 0000102 

B l A ,  8280-04000, 0000101 

B l A ,  8280-04000, 0000103 

B l A ,  8280-04000, 0000103 

C 1 ,  8280-07000, 0000104 

C1, 8280-07000, 0000107 

FlA, 8280-28000, 0000101 

B l A ,  8280-04000, 0000103 

D3A, 8280-16000, 0000101 

E3A, 8280-25000, 0000101. 

FlA,  8280-28000, 0000102 

C 1 ,  8280-07000, 0000107 

D3A, 8280-16000, 0000101 

E3A, 8280-25000, 0000101 

D3A, 8280-16000, 0000101 

D3A, 8280-16000, 0000101 

Event 

I n i t i a l  func t iona l  tes t  

I n i t i a l  He l eak  t e s t  

S inewave , random, and 
shock tests 

Post-dynamics func t iona l  
t e s t  

Post-dynamics H e  l eak  t e s t  

Acoustics tes t  

Pos t-acous t i c s  func t iona l  
tes t  

Post-acoust ics  He l eak  t e s t  

I n i t i a l  func t iona 1 t e s t  

I n i t i a l  He leak  t e s t  

I n i t i a l  func t iona l  tes t  

I n i t i a l  func t iona l  tes t  

I n i t i a l  He leak  t e s t  

I n i  t i a  1 funct ion t e s  t 

I n i t i a l  func t iona l  tes t  

I n i t i a l  func t iona l  t e s t  

I n i t i a l  He leak  t e s t  

I n i t i a l  func t iona l  t e s t  

I n i t i a l  func t iona l  t e s t  

I n i t i a l  func t iona l  tes t  

I n i t i a l  He l eak  tes t  

I n i t i a l  He leak  tes t  

I n i t i a l  He l eak  t e s t  

Sinewave v i b r a t i o n ,  X-axis 

Random X ,  Y ,  h Z ,  Sine Y & Z ,  
shock X & Z 

Resul ts  

Passed 

Passed 

Completed 

Passed 

Passed 

Completed 

Passed 

Passed 

Passed 

Passed 

Passed 

Passed 

Passed 

Passed 

Passed 

Passed 

Passed 

Passed 

Passed 

Passed 

Passed 

Passed 

Passed 

Completed 

Completed 
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TABLE 2 2 .  - CHRONOLOGICAL SUMMARY 
OF QUALIFICATION TESTING - Continued 

Date 

02 128169 

03 103 169 

0 3 / 0 3 / 6 9  

0 3 / 0 5 / 6 9  

0 3 / 0 5 / 6 9  

03 /05  169 

03 105169 

0 3 / 0 5 / 6 9  

0 3 / 0 6 / 6 9  

03 I 0 6  /6 9 

0 3 / 0 6 / 6 9  

0 3 / 0 6 / 6 9  

03 /06  169 

0 3 / 0 6 / 6 9  

0 3 / 0 7 / 6 9  

0 3 / 0 7 / 6 9  

0 3 / 0 7 / 6 9  

0 3 / 0 7 / 6 9  

0 3 / 1 2 / 6 9  

03 112 / 6  9 

03 112 16 9 

03 / 1416 9 

0 3 / 1 4 / 6 9  

0 3 / 1 4 / 6 9  

- 
I t e m  nomenclature,  

par t  no. ,  and ser ia l  no. 

C 1 ,  8280-07000, 0000104 

D3A, 8280-16000, 0000101 

E3A, 8280-25000, 0000101 

B l A ,  8280-04000, 0000101 

BlA, 8280-04000, 0000103 

C 1 ,  8280-07000, 0000107 

E3A, 8280-25000, 0000101 

FlA, 8280-28000, 0000108 

B l A ,  8280-04000, 0000101 

B l A ,  8280-04000, 0000103 

61, 8280-04000, 0000107 

D3A, 8280-16000, 0000101 

D3A, 8280-16000, 0000101 

E3A, 8280-25000, 0000101 

C 1 ,  8280-25000, 0000107 

B l A ,  8280-04000, 0000101 

B l A ,  8280-04000, 0000101 

FlA, 8280-28000, 0000108 

B l A ,  8280-04000, 0000101 

B l A ,  8280-04000, 0000103 

C 1 ,  8280-07000, 0000107 

B l A ,  8280-04000, 0000101 

BlA, 8280-04000, 0000103 

61, 8280-07000, 0000107 

Event 

I n i t i a l  He l e a k  t es t  

Shock, Y-axis 

Sinewave, random, and shock 

Random v i b r a t i o n ,  X, Y ,  & Z -  
axes 

Random v i b r a t i o n ,  X ,  Y ,  & Z -  
axes 

Random v i b r a t i o n ,  X ,  Y, & Z -  
axes 

Post-dynamics He l e a k  

I n i t i a l  f u n c t i o n a l  test  

Shock X ,  Y ,  & Z-axes 

Shock X ,  Y ,  & Z-axes 

Shock X ,  Y ,  & Z-axes 

Post-dynamics f u n c t i o n a l  tes t  
Post-dynamics He l e a k  test 

Pos t -dynamics f unc t iona 1 te s t 

Sinewave v i b r a t i o n ,  X, Y ,  & Z -  
axes 

Sinewave v i b r a t i o n ,  X ,  Y ,  & Z -  
axe s 

Sinewave v i b r a t i o n ,  X ,  Y ,  & Z -  
axes 

I n i t i a l  He l e a k  tes t  

Post-dynamics f u n c t i o n a l  test 
Post-dynamics f u n c t i o n a l  t e s t  

Post-dynamics f u n c t i o n a l  tes t  

Post-dynamics He l e a k  tes t  

Post-dynamics He l e a k  test 

Post-dynamics He l e a k  test 

R e s u l t s  

Passed 

Completed 

Completed 

Completed 

Completed 

Completed 

Passed 

Passed 

Completed 

Completed 

Completed 

Pas sed 

Passed 

Passed 

Completed 

Completed 

Completed 

Passed 

Passed 

Passed 

Passed 

Passed 

Passed 

Pas sed 
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TAEm 22.- CHRONOLOGICAL SUMMARY 
OF QUALIFICATION TESTING - Continued 

Date 

03/14/69 

03 11416 9 

03 114169 

03/17/69 

03/17/69 

03 117169 

03/18/69 

031 18/69 

03/18/69 

03 11816 9 

03/18/69 

03/18/69 

03/18/69 

03 / 18 16 9 

03/18/69 

03/18/69 

03/19/69 

03/20/59 

03/20/69 

03 I20169 

03/20/69 

03 /2 1/69 

03/21/69 

03/25/69 

03 12 716 9 

- 
I t e m  nomenclature , 

part no., and s e r i a l  no. 

D3A, 8280-16000, 0000101 

E M ,  8280-19000, 0000102 

E3A, 8280-25000, 0000101 

D3A, 8280-16000, 0000101 

E l A ,  8280-19000, 0000102 

E3A, 8280-25000, 0000101 

B l A ,  8280-04000, 0000101 

B l A ,  8280-04000, 0000103 

C 1 ,  8280-07000, 0000107 

B l A ,  8280-04000, 0000101 

B l A ,  8280-04000, 0000103 

B l A ,  8280-04000, 0000103 

C 1 ,  8280-07000, 0000107 

D2A, 8280-13000, 0000102 

E l A ,  8280-19000, 0000102 

E l A ,  8280-19000, 0000102 

E l A ,  8280-19000, 0000102 

BLA, 8280-04000, 0000103 

C 1 ,  8280-07000, 0000107 

D3A, 8280-16000, 0000101 

E3A, 8280-25000, 0000101 

B l A ,  8280-04000, 0000101 

E U ,  8280-19000, 0000102 

EM, 8280-19000, 0000102 

C 1 ,  8280-07000, 0000104 

Event 

Acoustics test  

Sinewave, random, shock, Z -  
a x i s  

Acoustics t e s t  

Post -acous t i c s  func t iona 1 t e  s t 

Sinewave, random, shock, X & 
Y-axes 

Pos t -acous t ics func t i o n a l  t e  s t 

Acoustics tes t  

Acoustics t e s t  

Acoustics test 

Pos t-acous t i c s  func t iona l  t e s t  

Pos t-acous t i c s  func t iona l  t e s t  

Post-acoustics funct ional  tes t  

Post-acoustics func t iona l  tes t  

H e  leak tes t  (recheck) 

Post-dynamics func t iona l  tes t  

Post-dynamics H e  l eak  t e s t  

Acoustics test 

Pos t-acous t ics He leak test  

- 

Pos t-acous t i c s  He leak tes t  

Post-acoust ics  H e  l eak  test 

Pos t-acous t i c s  He leak tes t  

Post-acoust ics  H e  l eak  t e s t  

Post-acoust ics  func t iona l  tes t  

Pos t-acous t ics H e  l eak  tes t  

Sinewave and random v i b r a t i o n ,  
X-axis 

~ ~~ 

Resul ts  

Completed 

Completed 

Completed 

Passed 

Completed 

Passed 

Completed 

Completed 

Completed 

Passed 

Passed 

Passed 

Passed 

Passed 

Passed 

Passed 

Completed 

One s i d e  
leaking 

Passed 

Passed 

Passed 

Passed 

Passed 

Passed 

Completed 
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TABLE 22. - CHRONOLOGICAL SUMMARY 
OF QUALIFICATION TESTING - Continued 

Date 

03/27/69 

03 128169 

03 128169 

03/31/69 

0313 1/69 

04/01 /6 9 

04/01/69 

04/01/69 

04 I02 /6 9 

04/02 16 9 

04/03 16 9 

04/03 /6 9 

04/03 /6 9 

04/03/69 

04/06/69 

04/07/69 

04/07 16 9 

04/09/6 9 

- 

th ru  

05/13/69 

05/14/69 

05 114169 

I tem nomenclature , 
part  no., and s e r i a l  no. 

FlA, 8280-28000, 0000108 

C 1 ,  8280-07000, 0000104 

FlA,  8280-28000, 0000108 

C 1 ,  8280-07000, 0000104 

FLA, 8280-28000, 0000108 

C 1 ,  8280-07000, 0000104 

FLA, 8280-28000, 0000103 

FlA, 8280-28000, 0000109 

FlA, 8280-28000, O O O O l O l A  

FlA, 8280-28000, 0000109 

C 1 ,  8280-07000, 0000104 

C 1 ,  8280-07000, 0000104 

FLA, 8280-28000, 0000108 

FlA, 8280-28000, 0000108 

FLA, 8280-28000, 0000108 

B l A ,  8280-04000, 0000103A 

C 1 ,  8280-07000, 0000104 

B l A ,  8280-04000, 0000101 
and 0000103A; C1, 8280- 
07000, 0000104 and 
0000107; D2A, 8280-13000, 

0000101; EM, 8280-19000, 
0000102; E3A, 8280-25000, 

28000, O O O O l O l A  & 0000109 

D3A, 8280-16000, 0000101 

0000102; D3A, 8280-16000, 

0000101; & FlA, 8280- 

EM, 8280-19000, 0000102 

Event 

jinewave & random v i b r a t i o n ,  
I-axis 

Sinewave & random, Y & Z ,  
shock, X ,  Y ,  & Z 

Sinewave & random, Y & Z ,  
;hock, X ,  Y ,  & Z 

?est-dynamics func t iona l  t e s t  

Pos t -dynamics func t iona  1 t e s  t 

Post-dynamics H e  l eak  tes t  

Post-dynamics H e  l eak  tes t  

h i t i a l  func t iona l  t e s t  

L n i t i a l  He leak t e s t  

L n i t i a l  He leak test 

Zcoustics t e s t  

Post-acoustics func t iona l  t e s t  

Icous t ics  t e s t  

Post -acous t i c s  func t iona l  tes t  

Post-acoustics He leak  tes t  

Post-acous t i c s  H e  l eak  tes t  

Post-acoustics He leak  t e s t  

S t a r t  of thermal vacuum 
soak t e s t  

End of t h e r m  vacuum so; tes i  

Post-T/V soak He leak  tes t  

Post-T/V soak func t iona l  t e s t  

Resul ts  

Completed 

Completed 

Completed 

Passed 

Passed 

Passed 

Passed 

Passed 

Passed 

Passed  

Completed 

Passed 

Completed 

Passed 

Fa i led  

Passed 

Passed 

Completed 

Passed 

Passed 
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TABLE 22.  - CHRONOLOGICAL SUMMARY 
OF QUALIFICATION TESTING - Continued 

Date 

05/14/69 

05/14/69 

05/15/69 

05/15/69 

05 /16 /69  

051 16 / 6  9 

05/16/69 

05 /19 /69  

05/19/69 

05 /19 /69  

05 /19 /69  

05 /20 /69  

0512 1 /69  

05 /22 /69  

05 122 / 6  9 

05 /23 /69  

0512 716 9 

06 10416 9 

06/34/69 

06 10416 9 

- 

06 /04 /69  

06 /09 /69  

06 /09 /69  

06 / 1016 9 

I t e m  nomenclature , 
p a r t  no., and ser ia l  no. 

E3A, 8280-25000, 0000101 

FlA,  8280-28000, 0000109 

B1A; 8280-04000, 0000101 

FlA,  8280-28000, OOOOlOlA 
B l A ,  8280-04000, 0000101 

D3A, 8280-13000, 0000101 

ElA,  8280-19000, 0000102 

B l A ,  8280-04000, 0000101 

C 1 ,  8280-07000, 0000104 

E3A, 8280-25000, 0000101 

FlA,  8280-28000, 000010lA 

DZA, 8280-13000, 0000102 

C1, 8280-07000, 0000107 

B l A ,  8280-04000, 0000101 

C 1 ,  8280-07000, 0000104 

D2A, 8280-13000, 0000102 

FlA,  8280-28000, 0000109 

BIA, 8280-04000, 0000103A 

B l A ,  8280-04000, 0000103A 

FlA,  8280-28000, OOOOlOlA 

FlA,  8280-28000, 0000109 

FlA,  8280-28000, OOOOlOlA 
FlA, 8280-28000, 0000109 

BlA,  8280-04000, 0000103A 

Event - 
Post-T/V soak func t iona l  t e s t  

Post-T/V soak He leak test 

Post-T/V soak func t iona l  tes t  

Post-T/V soak He leak tes t  

Post-T/V soak He leak  t e s t  

Post-T/V soak func t iona l  t e s t  

Post-T/V soak He leak t e s t  

Post-T/V soak func t iona l  t e s t  

Post-T/V soak func t iona l  tes t  

Post-T/V soak func t iona l  test 

Post-T/V soak funct ional  tes t  

Post-T/V soak func t iona l  t e s t  

Post-T/V soak RGA t e s t  

Post-T/V soak RGA t e s t  

Post-T/V soak RGA tes t  

Post-T/V soak RGA tes t  

Post-T/V soak He leak tes t  

Random v i b r a t i o n ,  X ,  Y, & 
2 -axes 

Sinewave v i b r a t i o n ,  X ,  Y, & 
2 -axes 

Sinewave and random v i b r a t i o n  
X-axis 

Sinewave and random v i b r a t i o n  
X-axis 

Shock, X-axis 

Shock, X-axis 

Shock, X ,  Y & Z-axes 

Res  u l  t s 

Passed 

Fai led 

Passed 

Passed 

Passed 

Passed 

Passed 

Passed 

Passed 

Passed 

Passed 

Passed 

Passed 

Passed 

Passed 

Passed 

Passed 

Comple tee 

Comple tee 

Completec 

Completec 

Comple tee 

Comple tec 

Comple tec 
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TABLE 22 . - CHRONOLOGICAL SU'MARY 
OF QUALIFICATION TESTING - Continued 

Date 

0 6 / 1 0 / 6 9  

0 6 / 1 0 / 6 9  

0 6 / 1 1 / 6 9  

0 6 / 1 1 / 6 9  

0 6 / 1 3 / 6 9  

0 6 / 1 4 / 6 9  

06/17 169 

0 6 / 1 7 / 6 9  

0 6 / 1 7 / 6 9  

06 11816 9 

0 6 / 1 8 / 6 9  

0 6 / 1 8 / 6 9  

0 6 / 2 0 / 6 9  

0 6 / 2 3 / 6 9  

0 6 / 2 3 / 6 9  

0 6 / 2 3 / 6 9  

0 6 / 2 4 / 6 9  

06 125169 

I tem nomenclature , 
p a r t  no., and se;ial no. 

F l A ,  8280-28000, O O O O l O l A  

FlA,  8280-28000, 0000109 

FlA,  8280-28000, O O O O l O l A  

FlA,  8280-28000, 0000109 

B l A ,  8280-04000, 0000103A 

FlA, 8280-28000, OOOOlOlA 
B l A ,  8280-04000, 0000103A 

FlA, 8280-28000, O O O O l O l A  

FlA, 8280-28000, 0000109 

B l A ,  8280-04000, 0000103A 

F l A ,  8280-28000, OOOOlOlA 
FlA, 8280-28000, 0000109 

FlA,  8280-28000, O O O O l O l A  

FlA,  8280-28000, 0000109 

FlA, 8280-28000, 0000109 

FlA, 8280-28000, OOOOlOlA 
B l A ,  8280-04000, 0000103A 

B l A ,  8280-04000, 0000103A 

Event 

Shock, Y & Z-axes 

Shock, Y & Z-azes 

Sinewave and random v i b r a t i o n ,  
Y & Z-axes 

Sinewave and random v i b r a t i o n ,  
Y & Z-axes 

Post-dynamics He l eak  t e s t  

Post-dynamics He l eak  t e s t  

Post-dynamics func t iona l  tes t  

Post -dynamics func t iona l  t e s t  

Post-dynamics func t iona l  tes t  

Acoustics tes t  

Acoustics tes t  

Acoustics t e s t  

Post-acoustics He l eak  t e s t  

Pos t-acous t i c s  He l eak  test 

Post lacous t i c s  func t iona l  t e s  t 

Post-acoust ics  func t iona l  t e s t  

Post-acoust ics  H e  leak test 
on P/S 0000179 s ide  only 

Post-acoust ics  func t iona l  tes t  
on PIS 0000179 s i d e  only 

Resul ts  

Completed 

Comple ted 

Completed 

Completed 

Passed 

Passed 

Passed 

Passed 

Passed 

Fai led 

Completed 

Completed 

Passed 

Passed 

Passed 

Passed 

Passed 

Passed 
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rep laced  wi th  a new assembly, S / N  0000179, and the specimen 
redes igna ted  S / N  0000103A. 
sented i n  MARS B65064. 

More d e t a i l e d  information i s  pre-  

The FlA,  8280-28000, S/N 0000108 specimen leaked dur ing  the 
helium l eak  t e s t  fol lowing the  acous t i c s  t e s t .  The l e a k  rate 
w a s  1.3 x SCC He/sec. The l eak  w a s  i s o l a t e d  t o  the top 
fus ion  weld of the in t e rconnec t  tube s p l i c e  sleeve. The f a i l u r e  
i s  repor ted  i n  U R S  B65065. 

The FlA, 8280-28000, S/N 0000109 specimen leaked dur ing  the 
helium l eak  tes t  fol lowing the thermal vacuum soak. The leak  
w a s  i s o l a t e d  t o  the  braze j o i n t  a t  the switch cup forming the 
r ad ius  and in t e rconnec t  tube.  The specimen w a s  rebrazed,  a 
se rpen t ine  tube i n s t a l l e d  , and r e q u a l i f i c a t i o n  dynamics and 
a c o u s t i c s  performed. The f a i l u r e  i s  repor ted  i n  MARS B65068. 

The B l A ,  8280-04000, S/N 0000103A specimen f a i l e d  the q u a l i -  
f i c a t i o n  a c o u s t i c  tes t  a t  the ringweld panel  f i t t i n g  on the  P/S 
S/N 0000071 s i d e .  This  w a s  the second t i m e  t h i s  panel h a l f  and 
switch assembly had been subjec ted  t o  a l l  dynamic environments. 
This f a i l u r e  i s  repor ted  i n  d e t a i l  i n  MARS B66038. 

A t  1042 h r  on A p r i l  30 th ,  the "go" l i g h t  went ou t  on switch 
2 of panel  B l A ,  S/N 101. 
s i n c e  the "no-go" l i g h t  d i d  n o t  come on. The c i r c u i t r y  from the 
switch-monitoring panel  t o  the chamber feedthrough w a s  checked 
ou t  and no discrepancy w a s  discovered.  The panel  temperature w a s  
-271°F a t  the t i m e  the  "go" l i g h t  went ou t .  During the shroud 
warmup, the "go" l i g h t  f o r  switch 2 c a m e  back on. The panel t e m -  
pe ra tu re  a t  t h a t  t i m e  w a s  58OF and the chamber pressure  w a s  25 
(0.025 t o r r ) .  Once the  chamber had been unloaded, the wir ing  
between switch 2 and the  l i d  feedthrough w a s  checked o u t  before  
anyth ing  e l se  w a s  done. Again, no d i sc repanc ie s  i n  the  c i r c u i t  
were de tec t ed .  F igure  155 shows t h i s  examination being made. 

The switch ev iden t ly  d i d  n o t  t r a n s f e r  

The fol lowing paragraphs summarize the va r ious  tes t  r e s u l t s .  

A t  no t i m e  dur ing  switch t r a n s f e r  pressure  t e s t i n g  were 
measurements obtained t h a t  were beyond s p e c i f i c a t i o n  l i m i t s .  The 
v a r i a t i o n  between switch po in t  pressures  , both wi th  inc reas ing  
and decreas ing  p res su res ,  i s  between 0.1 and 1.2 ps ig .  Genera l ly ,  
i t  is  thought t h a t  much of t h i s  v a r i a t i o n  i s  caused by the oper- 
a t o r  caused , i .e .  , i nc reas ing  pressure  too r a p i d l y  ( e s p e c i a l l y  
i n  the case of those specimens wi th  a l a r g e  volume) t o  a l low the 
e x t e r n a l l y  loca ted  pressure  gage t o  respond t o  the t rue  pressure  
w i t h i n  the specimen. Also,  i n  the  case of measurements taken on 
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F i g u r e  155.- Post-Thermal Vacuum Soak Test Examinat ion of B 1  A Pane l ,  
S/N 0000101 
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a sea led  specimen, ambient condi t ions  dur ing  the  t i m e  of seal 
ve r sus  the  t i m e  of reading  e n t e r  i n t o  the pressure  readings.  
Some evidence of  switch po in t  s h i f t  s t i l l  remains, however, a 
r a t h e r  thorough s ta t i s t ica l  a n a l y s i s  would be necessary t o  
e s t a b l i s h  an  a c t u a l  t r end ,  i f  any exis ts .  

A s  wi th  the  switch p o i n t  d a t a ,  no c o n t a c t  r e s i s t a n c e  m e a s -  
urements w e r e  cb ta ined  t h a t  were beyond s p e c i f i c a t i o n  l i m i t s .  
The genera l  t rend i s  f o r  the closed s e t  (with pressure  app l i ed )  
of con tac t s  t o  inc rease  s l i g h t l y  o r  remain n e a r l y  cons t an t  
throughout the t e s t i n g .  

Helium l e a k  .tests w e r e  performed as requi red  by the  pro- 
cedure.  Two f a i l u r e s  occurred dur ing  the  t e s t i n g .  The f i r s t  
f a i l u r e  w a s  panel  BIA, 8280-04000, S/N 0000103. The l e a k  w a s  
found fol lowing acous.tics t e s t i n g  and i s  repor ted  i n  MARS B65064. 
The second f a i l u r e  occurred i n  FlA, 8280-28000, S/N 0000108. 
This  l eak  a l s o  w a s  found fol lowing the a c o u s t i c s  test .  It i s  
repor ted  i n  MARS B65065. 

No f a i l u r e s  occurred dur ing  RGA t e s t .  These tes t s  w e r e  
always the las t  leak  tests performed and w e r e  performed on the 
B l A ,  C 1 ,  and D2A conf igu ra t ions .  

No v i s i b l e  s t r u c t u r a l  f a i l u r e s  w e r e  incur red  on any tes t  
specimens subjec ted  t o  the sinewave v i b r a t i o n  environment. The 
reduced t e s t  inpu t  p l o t s  are included wi th  the t es t  d a t a  pre-  
sen ted  i n  the  Q u a l i f i c a t i o n  Test Report .  Severa l  p l o t s  show a 
var iance  of input  versus  s p e c i f i c a t i o n  requirements i n  the 5 t o  
10 Hz frequency range.  This  i s  due, i n  p a r t ,  t o  d i f f i c u l t y  i n  
c o n t r o l l i n g  the massive tes t  f i x t u r e ,  b u t  most of the var iance  
arises when the  c o n t r o l  accelerometer ou tpu t  vo l t age  (which i s  
q u i t e  low between 5 t o  10 Hz a t  0.4 i n .  double amplitude) a p -  
proaches the background no i se  l e v e l  of the  record ing  system. 
Those p l o t s  w e r e  p l o t t e d  d i r e c t l y  (as opposed t o  being recorded 
and then  reduced, a t  la ter  t i m e )  and show good c o n t r o l .  (Refer 
t o  Z-axis p l o t s  of 03/07/69 versus  06/11/69 of BIA, 8280-04000, 
S/N 0000103A, Appendix B.  Q u a l i f i c a t i o n  T e s t  Report ,  OP530). 

No v i s i b l e  s t r u c t u r a l  f a i l u r e s  were incur red  on any t e s t  
specimens subjec ted  t o  the  random v i b r a t i o n  environment. The 
i n p u t  w a s  w e l l  w i t h i n  s p e c i f i c a t i o n  limits i n  a l l  cases except  
the l as t  tes t  performed (BlA-O000103A, FIA-O00010lA, and FlA- 
0000109). During t h i s  test  a t o t a l  of t h r e e  25 Hz bandwidths 
w e r e  a t  o r  above the maximum l i m i t  f o r  a l l  t h r e e  axes.  Since 
they were a l l  on the  high l i m i t . o f  the  spectrum and then less 
than +1 dB o u t ,  they w e r e  accepted.  
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There w e r e  no v i s i b l e  s t r u c t u r a l  f a i l u r e s  incur red  on any 
tes t  specimen subjec ted  t o  the  shock environment. The reduced 
test  i n p u t  p l o t s  are included wi th  the  t es t  d a t a .  All d a t a  
po in t s  w e r e  w i t h i n  s p e c i f i e d  l i m i t s  (-3 dB, up t o  3 1/3 octave 
band p o i n t s ) .  Three u n i t s  ( B U ,  8280-04000, S / N  0000101; B U ,  
8280-04000, S / N  0000103; and C 1 ,  8280-07000, S / N  0000107) are 
missing p l o t s  f o r  the Y-axis shock. This occurred as a r e s u l t  
of human e r r o r  dur ing  d a t a  reduct ion  when the  d a t a  w e r e  inad- 
v e r t e n t l y  des t royed .  The v i s u a l  pu lse  d a t a  observed a t  the t i m e  
of t e s t  w a s  w i t h i n  l i m i t s .  

Two specimens leaked fol lowing the  a c o u s t i c s  tes t ,  as ex- 
p la ined  previous ly .  During the r e q u a l i f i c a t i o n  t e s t i n g  of B l A ,  
S / N  0 0 0 0 1 0 3 A ,  FlA,. S/N O O O O l O l A ,  and FlA, S/N 0000109 one octave 
p l o t  po in t  w a s  5 1/3 dB below the  minimum to l e rance  (-3 dB) f o r  
a t o t a l  of 8 1 / 2  dB below the des i r ed  spectrum. The o v e r a l l  SPL 
w a s  152 dB, which i s  w i t h i n  s p e c i f i c a t i o n  l i m i t s .  The c a l i b r a -  
t i o n  run ,  p r i o r  t o  t e s t i n g  the  l i n e  tes t  specimens, w a s  w e l l  
shaped. A dummy panel  w a s  used dur ing  the c a l i b r a t i o n  run. This 
could account f o r  the  spectrum shape v a r i a t i o n .  Since a l l  test  
specimens had been previous ly  subjected t o  the  a c o u s t i c  f i e l d ,  
per  agreement wi th  NASA-LRC, the  out -of - to le rance  po in t  w a s  ac- 
cepted .  Also, dur ing  t h i s  t es t ,  BlA, S / N  0 0 0 0 1 0 3 A ,  experienced 
a s t r u c t u r a l  f a i l u r e ,  as explained previous ly .  A l l  o t h e r  spec i -  
mens m e t  the requirements of a c o u s t i c  t e s t i n g  . 

A s  previously d iscussed  one specimen w a s  l eak ing  fol lowing 
the thermal vacuum soak t e s t .  Also, the  "go" anomaly w a s  d i s -  
cussed ,  prev ious ly .  The chamber vacuum dur ing  the h o t  soak 
po r t ion  of the  t e s t  w a s  a t  1.0 x t o r r ,  a t  the beginning of 
the t e s t ,  and, w i t h i n  th ree  days s t a b i l i z e d  a t  about  2.2 x 
t o r r .  During the  cold soak per iod,  the  chamber vacuum w a s  main- 
ta ined  a t  about  2 .2  x lom6 t o r r  except f o r  one s h o r t  per iod when 
the  vacuum decreased t o  4.5 x lom6 t o r r .  This  w a s  the r e s u l t  of 
loss of coo lan t  water t o  one of t he  d i f f u s i o n  pumps. The t i m e  
ve r sus  temperature h i s t o r y  f o r  the e n t i r e  q u a l i f i c a t i o n  t e s t  i s  
summarized i n  f i g u r e  156. The curves have been cons t ruc ted  by 
s e l e c t i n g  the h ighes t  and lowest  panel  temperatures a t  0000 h r  
each day dur ing  the  h o t  soak and s i m i l a r  temperatures a t  1200 h r  
each day dur ing  the  cold soak. This type of p re sen ta t ion  i s  
real is t ic  s i n c e  hour ly  v a r i a t i o n s  of a given temperature are only 
f r a c t i o n a l .  I f  a l l  of t he  temperature d a t a  w e r e  t o  be p l o t t e d  
on t h i s  f i g u r e ,  the  po in t s  would l i e  between the two curves shown. 
The temperature to le rance  l i m i t s  are a l s o  shown t o  demonstrate 
t h a t  a l l  temperatures dur ing  each 15-day per iod w e r e  w i th in  the  
s p e c i f i e d  range. During the t e s t ,  d a t a  w e r e  recorded each hour 
a f t e r  temperature s t a b i l i z a t i o n  h-ad been a t t a i n e d  , and more f r e -  
quent ly  dur ing  the  t r a n s i t i o n  per iods .  
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I n  order  t o  q u a l i f y  the  angle  mounting assemblies  (8280- 
10072-01, bo l t -hard  po in t ;  8280-10068-09, ang le  assembly; 8280- 
10068-10, ang le  assembly; 8280-28039-09, ang le  assembly; and 
8280-28039-10, angle  assembly) f o r  use on MPDD de tec to r /pane l s  , 
one set  of each conf igu ra t ion  w a s  subjec ted  t o  a l l  q u a l i f i c a t i o n  
tests.  The v e h i c l e s  f o r  the  assemblies  w e r e  the EIA, S/N 0000102 
and C 1 ,  S/N 0000104. The angle  assemblies  success fu l ly  m e t  the  
requirements of the  q u a l i f i c a t i o n  t e s t i n g .  

Accelerated l i f e  cyc l ing  (ALC) t e s t i n g :  The acce le ra t ed  
l i f e  cyc l ing  tes t  program w a s  completed on the fol lowing i t e m s :  

B 1A S/N 0000104 

B l A  8280-04000 S/N 0000105 

82 8 0 -04 0 0 0 

c1 8280-07000 S/N 0000101 

c1 8280-07000 S/N 0000103 

D3A 8280-16000 S / N  0000102 

EIA 8280-19000 S/N 0000105 

E 3A 8280-25000 S/N 0000103 

F 1 A  8280-28000 S/N 0000103A 

FlA 8280-28000 S/N 0000111 

The ALC t e s t i n g  i s  descr ibed i n  the fol lowing paragraphs.  

The switch t r a n s f e r  t es t  w a s  i d e n t i c a l  t o  the FAT. This 
t es t  w a s  performed before  t h e  s t a r t  o f ,  and a f t e r  the completion 
of ALC. 

The switch c o n t a c t  r e s i s t a n c e  t e s t  w a s  i d e n t i c a l  t o  the  FAT. 
It w a s  performed before  the  s t a r t  o f ,  and a f t e r  the completion 
of ALC. 

The helium l e a k  tes t  w a s  i d e n t i c a l  t o  the  FAT and w a s  per-  
formed before  the  s t a r t  of the ALC on a l l  specimens a t  va r ious  
t i m e s  dur ing  the  course of the  cyc l ing  (whenever a "no-go" l i g h t  
o r  o the r  i n d i c a t i o n  of  malfunct ion occurred) ,  and a t  the comple- 
t i o n  of ALC on the  D3A, E l A ,  E3A, and FlA specimens. 
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The RGA l e a k  t e s t  was i d e n t i c a l  t o  t h e  FAT. It was performed 
on t h e  B l A ,  C 1 ,  and D2A specimens as  t h e  f i n a l  l e a k  t e s t  f o l l o w i n g  
ALC . 

The a c c e l e r a t e d  l i f e  c y c l i n g  t e s t  c o n s i s t e d  of s u b j e c t i n g  t h e  
p r e v i o u s l y  enumerated t e s t  specimens t o  a minimum of 2 1  344 tem- 
p e r a t u r e  c y c l e s ,  a t  ambient p r e s s u r e  ( s e e  f i g s .  157, 158, and  1 5 9 ) .  

+50 OF and t h e  lower temp- -10 The u p p e r  t empera ture  r e q u i r e d  was 325 

+lo O F ,  depending on t h e  s p e c i -  
-30 p e r a t u r e  was -90, -60, -50, o r  -20 

men be ing  t e s t e d  (see t a b l e  2 0 ) .  The t e s t  t empera tures  were ob- 
t a i n e d  i n  t h e  i d e n t i c a l  f a s h i o n  expla ined  i n  t h e  FAT d e s c r i p t i o n .  
The mechanical  a t tachment  of  t h e  specimens t o  t h e  power bus was 
d i f f e r e n t  t h a n  t h a t  used d u r i n g  FAT i n  t h a t  permanent " f i n g e r s "  
were s p o t  welded t o  t h e  p a n e l s  and t h e s e  f i n g e r s  a t t a c h e d  t o  t h e  
power buses  ( s e e  f i g s .  160 and 161) .  Thermocouples were a t t a c h e d  
t o  each specimen, a s  i n  FAT, t o  provide a tempera ture  r e a d o u t  c i r -  
c u i t  t o  t h e  ALC c o n t r o l  console  ( s e e  f i g .  137) which, i n  t u r n ,  
o p e r a t e d  t h e  s w i t c h i n g  c i r c u i t s  f o r  bo th  t h e  LN, s p r a y  and t h e  
r e s i s t i v e  h e a t i n g  systems.  P r e s s u r e  was monitored,  on each s p e c i -  
men, by connec t ing  p r e s s u r e  s w i t c h  l e a d s  i n t o  t h e  c o n t i n u i t y  mon- 
i t o r  s e c t i o n  o f  t h e  ALC c o n t r o l  c o n s o l e .  

The t e s t  r e s u l t s  from t h e  a c c e l e r a t e d  l i f e  c y c l e  t e s t i n g  
program were completed d u r i n g  t h e  f i r s t  p a r t  o f  September 1969. 
They a r e  b r i e f l y  summarized below. 

F u n c t i o n a l  t e s t s  were performed b e f o r e  t h e  s t a r t  of and a t  
t h e  complet ion of  ALC. Switch p r e s s u r e  checks were made a s  neces-  
s a r y  d u r i n g  t h e  c y c l i n g  p o r t i o n  of t h e  t e s t .  A l l  f u n c t i o n a l  t e s t s  
were s u c c e s s f u l  w i t h  one e x c e p t i o n ;  t h i s  was on t h e  f i n a l  func-  
t i o n a l  t e s t  of B l A ,  8280-04000, S/N 0000104. The f a i l u r e  was i n  
t h e  form of a n o - t r a n s f e r  of p i n s  4 ,  5 ,  and 6 (microswitch 2 )  of 
P/S 0000060. 
age  o r  contaminat ion .  None was found,  t h e r e f o r e ,  t h e  s w i t c h  was 
reassembled and rechecked.  The o p e r a t i o n  of t h e  swi tch  was nor-  
mal and i n  s p e c .  T h i s  a c t i v i t y  i s  r e p o r t e d  i n  MARS B69832 and 
d i s c u s s e d  i n  FAR 8280-29. 

The swi tch  was 'd i sassembled  and i n s p e c t e d  f o r  block-  

The RGA l e a k  t e s t  was performed a f t e r  complet ion of  c y c l i n g  
on B l A ,  S/N 0000102; B l A ,  S/N0000105; C 1 ,  S/N 0000101; and C 1 ,  
S/N 0000103. A l l  tests were s u c c e s s f u l .  

The hel ium l e a k  t e s t  was performed on a l l  specimens b e f o r e  
t h e  s ta r t  of ALC and on t h e  D3A, S/N 0000102; E l A ,  S/N 0000105; 
and E3A, S/N 0000103 a t  t h e  complet ion of ALC. The D3A specimen 
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Figure  160.- Typical  12x40-in. Curren t  Conduction Fingers  
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Figure  161.- Typical 40x49-in. Current  Conduction F ingers  
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was found t o  l e a k  (MARS B66037), f i r s t  a t  14 346 c y c l e s  due t o  
the rma l  s t r e s s e s  c r e a t e d  by t h e  specimen mounting method then  em- 
p l o y e d .  The mounting w a s  r e d e s i g n e d ,  t h e  l e a k  b razed  s h u t ,  and 
t e s t i n g  c o n t i n u e d .  The specimen completed 2 1  370 c y c l e s  and w a s  
found t o  l e a k  a second time. The l e a k  was a t t r i b u t e d  t o  t h e  i n i -  
t i a l  t he rma l  s t r e s s e s  c r e a t e d  by e a r l i e r  mounting method and which 
o c c u r r e d  e a r l y  i n  t e s t .  The r ema in ing  ALC specimens neve r  reached 
t h e  f i n a l  l e a k  t es t  s t a g e  due t o  t e s t  f a i l u r e  i n  A L C .  

The ALC t e s t i n g  was performed as r e q u i r e d  by t h e  t e s t  proce-  
d u r e .  F i g u r e s  162, 163, and 164 show t y p i c a l  t i m e  v s .  t e m p e r a t u r e  
c y c l e s  f o r  t h e  350"F, -100OF; 350"F, -50°F o r  -60°F; and 350"F, 
-20°F c y c l e  r e q u i r e m e n t s .  

A l l  specimens r e c e i v e d  some q u a n t i t y  o f  c y c l e s  g r e a t e r  t h a n  
2 1  344 t o  be sure  t o  have a s u f f i c i e n t  number of  good c y c l e s .  The 
a c t u a l  coun t  i s  summarized below by specimen. 

The f o l l o w i n g  specimens s u c c e s s f u l l y  completed ALC t e s t i n g  
i n  i t s  e n t i r e t y :  

B l A ,  8280-04000, S/N 0000105 - 2 1  403 c y c l e s  w i t h i n  s p e c i -  
f i c a t i o n  l i m i t s ,  pa s sed  p o s t - f u n c t i o n a l  and l e a k  t e s t s ;  

C 1 ,  8280-07000, S / N  0000101 - 2 1  766 c y c l e s  w i t h i n  s p e c i -  
f i c a t i o n  l i m i t s ,  pa s sed  p o s t - f u n c t i o n a l  and l e a k  t e s t s ;  

C 1 ,  8280-07000, S/N 0000103 - 21 350 c y c l e s  w i t h i n  s p e c i -  
f i c a t i o n  l i m i t s ,  passed p o s t - f u n c t i o n a l  and l e a k  t e s t s ;  

E l A ,  8280-19000, S/N 0000105 - 2 1  450 c y c l e s  w i t h i n  s p e c i -  
f i c a t i o n  l i m i t s ,  passed p o s t - f u n c t i o n a l  and l e a k  t es t s ;  

E 3 A ,  8280-25000, S/N 0000103 - 2 1  445 c y c l e s  w i t h i n  s p e c i -  
f i c a t i o n  l i m i t s ,  passed. p o s t - f u n c t i o n a l  and l e a k  t e s t s .  

The f o l l o w i n g  specimens completed t h e  r e q u i r e d  number of  
c y c l e s  b u t  were u n s u c c e s s f u l  d u r i n g  t h e  post-ALC f u n c t i o n a l  l e a k  
t e s t s :  

B l A ,  8280-04000, S /N  0000104 - 21 938 c y c l e s  w i t h i n  s p e c i -  
f i c a t i o n  l i m i t s .  T h i s  specimen f a i l e d  d u r i n g  t h e  p o s t -  
ALC p r e s s u r e  t r a n s f e r  check a s  p r e v i o u s l y  e x p l a i n e d ;  

D3A, 8280-16000, S/N 0000102 - 21 370 c y c l e s  w i t h i n  
s p e c i f i c a t i o n  l i m i t s .  T h i s  specimen f a i l e d  d u r i n g  t h e  
t e s t s ,  was r e p a i r e d ,  t e s t i n g  c o n t i n u e d ,  and was found 
t o  be l e a k i n g  a g a i n  a t  complet ion a s  p r e v i o u s l y  e x p l a i n e d .  
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The f o l l o w i n g  specimens were u n s u c c e s s f u l  i n  complet ing t h e  
r e q u i r e d  number o f  a c c e l e r a t e d  l i f e  c y c l e s .  

B l A ,  8280-04000, S / N  0000102 - A t  4670 c y c l e s ,  t h e  s p e c i -  
men s i g n a l e d  l o s s - o f - p r e s s u r e .  Subsequent examina t ion  
d i s c l o s e d  a c r a c k  on t h e  P /S  0000053 t a r g e t  s h e e t  (ref- 
e r e n c e :  MARS B 65067).  T h i s  f a i l u r e  was determined t o  
have been caused by t h e  bus b a r  clamping t e c h n i q u e  f o r  
d e t e c t o r  mounting a s  i n  t h e  p r e v i o u s  c a s e s .  The mount- 
i n g  was r e d e s i g n e d  and a new specimen i n i t i a t e d  i n t o  ALC. 

E3A, 8280-25000, S/N 0000102 - A t  3357 c y c l e s ,  t h e  s p e c i -  
men was e l e c t r i c a l l y  burned a l o n g  t h e  bus b a r  edge .  The 
cause  w a s  due t o  jamming o f  r e c o r d i n g  paper  i n  t h e  t h e r -  
m a l  r e c o r d e r  t h a t  caused t h e  c o n t r o l  c i r c u i t  t o  c o n t i n u e  
c a l l i n g  f o r  h e a t .  The k i l l  c i r c u i t  a c t u a t e d  when t h e  
o v e r t e m p e r a t u r e  was sensed  b u t  due t o  t h e  e r r o n e o u s  use  
o f  a n o n l a t c h i n g  r e l a y ,  t h e  c i r c u i t  would n o t  l a t c h  o u t .  
T h i s  w a s  n o t  a specimen f a i l u r e ,  bu t  a combinat ion of  
i n s t r u m e n t a t i o n  f a i l u r e  and human e r r o r .  

E3A, 8280-25000, S / N  0000104 - A t  1768 c y c l e s ,  t h e  s p e c i -  
men was ove rhea ted  due t o  removal o f  power t o  t h e  s i g n a l  
c o n d i t i o n i n g  a m p l i f i e r s  p r o v i d i n g  d a t a  t o  t h e  c o n t r o l  
mechanism. The specimen was d i s t o r t e d ,  p r e c l u d i n g  f u r -  
t h e r  t e s t i n g .  T h i s  was a c a s e  of  human e r r o r  r a t h e r  t han  
t h a t  o f  specimen m a l f u n c t i o n .  

FlA, 8280-28000, S / N  0000103A - A t  7147 c y c l e s ,  t h e  NO/ 
GO l i g h t  was e n e r g i z e d  s i g n a l i n g  l o s s  o f  p r e s s u r e .  A 
l e a k  w a s  l o c a t e d  on t h e  P / S  0000164 s i d e  of  t h e  p a n e l ,  
on t h e  same t a r g e t  s i d e  a s  t h e  s w i t c h  mounting, i n  t h e  
f i r s t  row of  spo twe lds  n e a r  t h e  s p l i c e .  The f a i l u r e  was 
de t e rmined  a s  hav ing  been caused a s  a r e s u l t  of  t h e  mass 
d i s c o n t i n u i t y  t h a t  e x i s t s  between t h e  s p l i c e  and t h e  
t a r g e t  f i e l d .  Large t empera tu re  g r a d i e n t s  ( abou t  200°F 
o r  300°F) e x i s t  i n  t h i s  a r ea .  It i s  f e l t  t h a t  i f  t h e  
t empera tu re  c y c l i n g  r a t e  were c o n s i d e r a b l y  l o n g e r  ( a p -  
p roach ing  a c t u a l  space c y c l e  t i m e s )  t h e  F1A specimens 
cou ld  s u r v i v e  t h e  r e q u i r e d  number of  c y c l e s .  

FlA, 8280-28000, S/N 0000111 - Same a s  above.  

The areas  of l eakage  and " c r i p p l i n g ' '  caused by t h e  s i t u a t i o n  
d i s c u s s e d  above a re  shown i n  f i g u r e s  165 and 166.  
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F i g u r e  166.- Leak and S t r e s s  Area, FlA, S/N 0000111 

T e s t  Program E v a l u a t i o n  

T e s t  documen t a t  i o n .  - 

PD&D phase:  I n  t h e  PD&D phase of  t h i s  program, t h e  d a t a  were 
g a t h e r e d  u s i n g  a t e s t  p rocedure ,  w i t h  s e m i d e t a i l e d  s t e p - b y - s t e p  
methods.  The d a t a  o b t a i n e d  were then  e n t e r e d  o n t o  s e p a r a t e ,  b u t  
i n c l u d e d ,  d a t a  s h e e t ( s )  t h a t  fo l lowed  each  t e s t  s e c t i o n  t h a t  re-  
q u i r e d  t h e  t a k i n g  o f  d a t a .  T e c h n i c i a n s  e x p e r i e n c e d  some d i f f i -  
c u l t y  i n  f o l l o w i n g  t h e  p rocedure  i n  one p o r t i o n  o f  t h e  document, 
and t h e n  t u r n i n g  pages t o  e n t e r  t h e  d a t a  t a k e n .  Each t e s t  s p e c i -  
men r e q u i r e d  a complete  package c o n s i s t i n g  o f  p rocedure  and d a t a  
s h e e t s .  With 29 a n t i c i p a t e d  t e s t  c o n f i g u r a t i o n s ,  t h e  s h e e r  v o l -  
ume o f  paperwork became o p p r e s s i v e .  T h i s  f a c t  evidenced i t s e l f  
even more c l e a r l y  when t h e  t e s t i n g  was completed and t e s t  r e p o r t s  
were be ing  p r e p a r e d .  The fo rma t  o f  t h e  tes t  r e p o r t s  was t h e  same 
a s  t h e  p r o c e d u r e .  A s  a r e s u l t  t h e  t e s t  r e p o r t  was bu lky  and l acked  
c o n t i n u i t y .  The d a t a  were n o t  i n  o r d e r  and r e a d i n g  o f  t h e  r e p o r t  
r e q u i r e d  t h e  t u r n i n g  o f  pages t o  compare t e s t  d a t a  w i t h  w r i t t e n  
t e s t  r e s u l t s  and e x p l a n a t i o n s .  A l so ,  c o n s i d e r a b l e  e d i t o r i a l  and 
t y p i n g  e f f o r t  was expended. F o r ’ t h e s e  r e a s o n s  t h i s  t ype  o f  docu- 
m e n t a t i o n  w a s  d i s c o n t i n u e d  f o r  t h e  f o l l o w i n g  phase .  
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D&D phase: The D&D phase requi red  the  p repa ra t ion  of a 
Development T e s t  Plan t o  d e l i n e a t e  r e s p o n s i b i l i t i e s ,  app l i cab le  
documents , t es t  c o n t r o l s  , tes t  condi t ions  and requirements ,  and 
implementation. The p lan  s p e c i f i e d  documentation format,  en- 
vironmental  c o n t r o l s  and to l e rances ,  and s p e c i f i c  tests t o  be 
performed. The f i n a l ,  approved v e r s i o n  accomplished the o r i g i n a l  
o b j e c t i v e s .  

The format f o r  Test Procedures f o r  t h i s  phase w a s  changed t o  
a type where the  d a t a  are en tered  where the  opera tor  w a s  i n s t r u c t e d  
t o  take d a t a .  The only except ion  were those tests t h a t  had t o  be 
repea ted  s e v e r a l  t i m e s  ( func t iona l  and l e a k ) .  The d a t a  f o r  a 
postenvironment func t iona l  and/or  l eak  tes t  were en tered  immedi- 
a t e l y  fol lowing the  environmental  d a t a ,  i . e . ,  "Perform sinewave 
v ib ra t ion ' '  - d a t a  en te red ;  "perform a func t iona l  test  per  para- 
graph 3 .O here in"  - d a t a  en te red ;  "Perform a l eak  t e s t  per  para- 
graph 4.0 here in"  - da ta  en te red .  This  format e l imina ted  the  
c o n t i n u i t y  problem encountered dur ing  the  previous phase b u t  
s t i l l  n e c e s s i t a t e d  a copy of the  procedure f o r  each specimen 
t e s t e d  . 

T e s t  Reports  f o r  any given t e s t  specimen w e r e  c r ea t ed  by 
e n t e r i n g  a summary s h e e t ( s )  , genera l  s ta tements  as t o  r e p o r t  
format,  and r e typ ing  pages wi th  d a t a  en te red .  The c r e a t i o n  of 
the tes t  r e p o r t  w a s  s imp l i f i ed  cons iderably  over t h a t  of the p r e -  
v ious  phase. E d i t o r i a l  t i m e  w a s  reduced b u t  typing e f f o r t  re- 
mained n e a r l y  the  same. The r e a d a b i l i t y  of the r e p o r t  w a s  more 
cont inuous,  moving from one t e s t  environment (complete wi th  post-  
environment checks) t o  t h e  next  t es t  environment wi thout  unneces- 
s a r y  t o  thumb through several pages of text t o  f ind  a p a r t i c u l a r  
p iece  of d a t a .  

M&T phase: This  phase o'f the program requi red  the prepara-  
t i o n  of an  I n t e g r a t e d  T e s t  Plan (ITP) covering FA and q u a l i f i c a t i o n  
of both components (pressure  switches)  and subassemblies ,  The 
f i n a l  I n t e g r a t e d  T e s t  Plan w a s  i s sued  on 20 January 1968. Subse- 
quent ly  two Plan Change Notices  (PCNs) w e r e  i s sued  a g a i n s t  the 
plan.  PCN 1 w a s  i s sued  on 24 A p r i l  1968 and PCN 2 was i ssued  on 
6 March 1969. As with  the  DTP, the  ITP de l inea ted  r e s p o n s i b i l i t i e s ,  
app l i cab le  documents , tes t  c o n t r o l s  , t es t  condi t ions  and r equ i r e -  
ments, t e s t  documentation, and program implementation. The ITP 
went i n t o  cons iderably  more d e t a i l  i n  the  environmental  cr i ter ia  
and func t iona l  tes t  requirements area. A l s o ,  v i b r a t i o n  t e s t  
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f i x t u r e  requirements were s p e c i f i e d .  The ITP changes made were 
due t o  t e s t  c r i te r ia  changes,  n o t  t o  any inhe ren t  l ack  i n  the  
document. 

A s  a r e s u l t  of the d i f f i c u l t i e s  experienced i n  the da t a  
record ing  areas of t he  previous two phases,  a new T e s t  Procedure 
approach w a s  made f o r  t h i s  phase. Procedures w e r e  w r i t t e n  f o r  
each type of t e s t i n g ,  i .e.  , F l i g h t  Assurance T e s t ,  Q u a l i f i c a t i o n  
T e s t ,  and Accelerated L i f e  Cycling T e s t ,  and, on a component 
(pressure  switch)  and subsystem (de tec tor /pane l )  f o r  a t o t a l  of 
s ix  "Master" procedures.  The procedures f o r  pressure  switches 
only covered one conf igu ra t ion  because the  d i f f e r e n c e s  between 
switches from the  two vendors i n  mounting requirements and opera- 
t i o n  w e r e  minimal. The procedures f o r  the de t ec to r /pane l s  covered 
a l l  conf igura t ions-  t o  be t e s t e d  i n  t h i s  phase; hence the nomen- 
clature of "Master Procedure". 
bound book e n t i t l e d  "Data Sheet  Package". These packages con- 
ta ined  d a t a  s h e e t s  i n  the order  and requirements f o r  each con- 
f i g u r a t i o n .  The main v a r i a t i o n  w a s  t h a t  some specimens requi red  
more func t iona l  d a t a  shee t s  s i n c e  they used two pressure  switches.  
A l s o ,  some specimens requi red  a n  RGA leak  d a t a  s h e e t  a t  l eas t  
once i n  the t e s t i n g  i n  p lace  of a helium l e a k  d a t a  s h e e t .  The 
f i r s t  advantage of t h i s  method i s  t h a t  i t  allowed the ope ra to r  
t o  fol low the  procedure requi red  t o  ob ta in  d a t a  wi thout  t u rn ing  
s e v e r a l  pages t o  e n t e r  da t a .  A second advantage w a s  t h a t ,  as 
re tes t  became necessary ,  e x t r a  d a t a  shee t s  could be in se r t ed  i n t o  
the  d a t a  s h e e t  package as requi red .  A t h i r d  advantage w a s  the  
a v a i l a b i l i t y  of a s m a l l ,  conc ise  book t o  accompany the i t e m s  
under t e s t ,  from in t roduc t ion  i n t o  test  through d e l i v e r y  t o  the 
customer.  Other advantages are descr ibed i n  the  fol lowing para- 
graphs on t e s t  r e p o r t s .  

D a t a  w e r e  en t e red  i n  a s e p a r a t e ,  

With the  except ion  of the pressure  switch q u a l i f i c a t i o n  
r e p o r t  (which used the  D&D Phase types of documentation) Test 
Reports were c rea t ed  i n  a n  exped.itious manner. 

For FA t e s t i n g ,  the Data Sheet  Packages w e r e  reproduced i n  
t h e i r  o r i g i n a l  and manually recorded d a t a  form and t ransmi t ted  
t o  the  customer as soon as a l l  d a t a  had been reviewed and approved. 
These d a t a  packages a l s o  included any MARS and F a i l u r e  Reports .  
A t  the  completion of de t ec to r /pane l  FA t e s t i n g  a genera l  r e p o r t  
w a s  w r i t t e n .  This  r e p o r t  cons i s t ed  of a l l  procedural  s t e p s  wi th  
a gene ra l  d i scuss ion  of the  r e s u l t s  of any given tes t  on a l l  i t e m s  
t e s t e d  included immediately fol lowing the  procedural  s e c t i o n  re- 
l a t i n g  t o  the  tes t .  For a d d i t i o n a l  c l a r i t y  and information,  a 
chronologica l  summary of t e s t i n g  and a summary d i scuss ion  of t es t  
f a i l u r e s  w a s  included i n  the  f r o n t  of the  r e p o r t .  
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The Q u a l i f i c a t i o n  and Accelerated L i f e  Cycling test  r e p o r t s  
w e r e  c r ea t ed  by w r i t i n g  a genera l  r e p o r t ,  as w a s  done f o r  F l i g h t  
Assurance Tes t ing ,  w i th  the  Data Sheet  Packages included as 
appendices.  It w a s  poss ib l e  t o  do t h i s  w i th  q u a l i f i c a t i o n  and 
ALC r e p o r t s  s i n c e  the re  w e r e  fewer i t e m s  under test. With t h i s  
type of p re sen ta t ion ,  e d i t i n g  and typing w e r e  reduced t o  a m i n i -  
mum cons i s  tent w i t h  the  d e s i r e d  l e g i b i l i t y  and accuracy,  

Based on the experience gained dur ing  the  th ree  phases of 
t h i s  program, the tes t  documentation method used i n  the  M&T phase 
o f f e r s  the g r e a t e s t  v e r s a t i l i t y  and mob i l i t y .  Data are e a s i l y  
recorded and t ransmi t ted  t o  the necessary area(s). A complete 
d a t a  h i s t o r y  of a completed subassembly, inc luding  component d a t a ,  
i s  n o t  more than 60 pages, on an average.  For the reasons d i s -  
cussed he re ,  i t  is  recommended t h a t  the M&T Phase d a t a  documen- 
t a t i o n  method, o r  one s i m i l a r  t o  i t  be employed i n  any f u t u r e  
programs. 

Test cr i ter ia .  - 

Pressure switch FA tests:  The fol lowing tes ts  were per-  
formed dur ing  FA t e s t i n g  on the pressure  switch.  They are d i s -  
cussed as t o  the  usable  func t ion  they performed i n  screening  ou t  
p o t e n t i a l l y  t roub le  s ome components . 

The t r a n s f e r  pressure  (switch poin t )  tes t ,  as a func t iona l  
t e s t ,  i s  the v e h i c l e  by which environmental  e f f e c t s ,  i f  any, are 
brought t o  l i g h t .  It serves  as a " f inge rp r in t ing"  t e s t  and 
e s t a b l i s h e s  the  b a s i s  f o r  comparison, as w e l l  as e l imina t ing  
any i t e m s  wi th  manufacturing o r  shipping damage. This  tes t  
should be r e t a ined  i n  any fu tu re  programs whether small (under 
100) o r  l a r g e  procurement i s  a n t i c i p a t e d ,  and then  only as an  
i n i t i a l  and f i n a l  t es t .  

A s  wi th  the  t r a n s f e r  p re s su re ,  the c o n t a c t  r e s i s t a n c e  test  
i s  a means of a s s e s s i n g  damage o r  environmental  e f f e c t .  It i s  a 
b e t t e r  i n d i c a t o r  of p o t e n t i a l  malfunct ion than the pressure  
t r a n s f e r  test .  It should be r e t a ined  i n  any f u t u r e  programs and 
be performed i n i t i a l l y  and f i n a l l y .  

During t h i s  program, more i t e m s  w e r e  r e j e c t e d ,  due t o  leak-  
age dur ing  the helium l e a k  tes t ,  than from e i t h e r  of the  two 
func t iona l  tests. Any d e f e c t  t h a t  i s  n o t  picked up by the  func- 
t i o n a l  tests w i l l  be de t ec t ed  dur ing  l e a k  t e s t i n g .  The l eak  t e s t  
should be r e t a ined  i n  any f u t u r e  use of pressure  swi tches ,  b u t  
i t  should only performed i n i t i a l l y  and f i n a l l y .  
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The sinewave v i b r a t i o n  test d id  n o t  produce any d e t e c t a b l e  
malfunct ions.  It has  c e r t a i n  va lue  as a n  i n v e s t i g a t i v e  o r  
I !  information only" tes t  and should be used i f  s i g n i f i c a n t  des ign  
changes are made. It is  n o t  a real is t ic  environment f o r  com- 
ponents intended f o r  use  on a rocke t  boosted payloads.  It i s  
recommended t h a t  t h i s  tes t  be de l e t ed  i n  f u t u r e  programs. 

The level of random v i b r a t i o n  appl ied  t o  pressure  switches 
w a s  der ived  as being 2 / 3  of the  l e v e l  measured a t  the pressure  
switch mounting dur ing  f u l l - l e v e l  tests of , s eve ra l  d e t e c t o r /  
pane ls .  The shape w a s  l ikewise  obtained.  Of t h e  dynamic tests 
performed dur ing  FAT, the random v i b r a t i o n  tes t  i s  the most 
real is t ic .  It i s ,  the re fo re ,  recommended t h a t ,  i f  any dynamic 
environment i s  r e t a ined  i n  FA t e s t i n g ,  random v i b r a t i o n  should 
be r e t a i n e d .  

The shock tes t ,  as s p e c i f i e d  f o r  t h i s  program, does n o t  
accomplish i t s  intended func t ion .  Shock, as generated i n  most 
boos t e r s ,  i s  a r e s u l t  of ordnance devices  and i s  normally of 
much s h o r t e r  (0.1 t o  0.4 msec compared t o  the  p re sen t  du ra t ion  
of 7 msec) du ra t ion  and cons iderable  h ighe r  levels (dependent 
on d i s t a n c e  from shock source ,  b u t  gene ra l ly  g r e a t e r  than 100 g 
as compared t o  60 g).  No malfunct ion o r  damage occurred t h a t  
i s  a t t r i b u t a b l e  t o  shock. The recommendation i s  t h a t  shock tes t s  
be d e l e t e d  i n  f u t u r e  programs. 

Funct iona l  and l eak  tests following the temperature cyc l ing  
environment d id  d e t e c t  some f a i l u r e s  and malfunct ions.  Based on 
the r e s u l t s  of t h i s  program t h i s  tes t  has worth and should be 
r e t a ined  

Pressure  switch q u a l i f i c a t i o n  tests: The fol lowing tests 
are those which were performed dur ing  Q u a l i f i c a t i o n  t e s t i n g  of 
the pressure  switch.  Only the  environmental  tes ts  are d iscussed  
s i n c e  the c o n t a c t  t r a n s f e r ,  con tac t  r e s i s t a n c e ,  and helium l eak  
have a l r eady  been d iscussed  and should be r e t a i n e d  dur ing  q u a l i -  
f ica t ion.  

During pressure  switch q u a l i f i c a t i o n ,  con tac t s  w e r e  monitored 
f o r  c h a t t e r  and a l l  specimens cha t t e red  a t  t h e  h igh  l e v e l  of 100 g. 
Funct ional  tests performed a f t e r  sinewave v i b r a t i o n  d id  n o t  i n d i -  
cate any degrada t ion  of the i t e m .  As  wi th  the FA sinewave t e s t ,  
t h i s  t es t  has va lue  as an  information-only test  and should be 
used i f  a new development program is  requi red .  It should n o t  be 
made p a r t  of a q u a l i f i c a t i o n  program. 
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The random v i b r a t i o n  tes t  i s  a real is t ic  s imula t ion  of a n  
expected launch/boost environment. Although t h i s  test  d i d  n o t  
degrade the  pressure  switch dur ing  t h i s  program, i t  s t i l l  remains 
one of the b e s t  test  environments t o  prove the  f l i g h t  worthiness  
of t he  component. Random v i b r a t i o n  should be r e t a ined  i n  f u t u r e  
q u a l i f i c a t i o n  programs. 

I n  i t s  p re sen t  form (60 g peak, 7 msec pu l se ) ,  the  shock 
tes t  does n o t  simulate the  normally expected boos ter  shock environ-  
ment. It should e i t h e r  be de l e t ed  i n  f u t u r e  t e s t  programs, o r  be 
rev ised  t o  a s h o r t e r  d u r a t i o n ,  h igher  level pulse  (0.1 t o  0.4 msec 
half-sinewave, 100 g peak).  Even a t  the rev ised  l e v e l ,  experience 
has ind ica t ed  t h a t  t h i s  type of component does n o t  show any e v i -  
dence of permanen-t s u s c e p t i b i l i t y .  

A s  wi th  random v i b r a t i o n ,  acous t i c s  i s  a real is t ic  simula- 
t i o n  of an expected boos ter  environment. The l e v e l  and shape 
p resen t ly  s p e c i f i e d  are t o  be expected i f  a l a r g e  boos te r  i s  used 
(i..e., e x t e r n a l  l e v e l  of 165 dB, most probable du'ring max q ,  wi th  
15 dB a t t e n u a t i o n  a f forded  by the payload shroud) .  Although no 
malfunct ions were de tec t ed  fol lowing t h i s  t e s t ,  i t  i s  capable  of 
p inpoin t ing  des ign  weaknesses and should,  t h e r e f o r e  be r e t a ined  
i n  any f u t u r e  q u a l i f i c a t i o n  program. 

There were no d i sce rnab le  r e s u l t s  from the  performance of 
the sus t a ined  a c c e l e r a t i o n  tes t  on the pressure  switch.  The tes t  
se tup  and performance of t h i s  t e s t  are ex tens ive  and t i m e  con- 
suming. The e f f e c t  of t h i s  t e s t  on a given component can be 
der ived  a n a l y t i c a l l y  a t  less c o s t  and t i m e .  I n  gene ra l ,  sus ta ined  
a c c e l e r a t i o n  i s  no longer  being performed i n  most t es t  programs. 
For these  reasons,  i t  i s  recommended t h a t  t h i s  tes t  be de l e t ed  i n  
any fu tu re  t es t  programs. 

The thermal vacuum soak tes t  produced the  d i s q u a l i f y i n g  f a i l -  
u r e s  of the Servonic  Instrument ,  Inc.  tes t  candida tes .  The 
switches leaked through cracks i n  the g l a s s  seal beads around 
the  e l ec t r i ca l  feedthroughs.  A s  previously explained,  i t  i s  n o t  
known whether t h i s  environment caused the c racks  i n i t i a l l y  o r  
i n t e n s i f i e d  e x i s t i n g  c racks  produced by preceding environmental  
tes ts .  It i s  f e l t  t h a t  p roper ly  designed and f ab r i ca t ed  i t e m s  
would n o t  respond t o  t h i s  tes t  environment. However, a t  a com- 
ponent level,  t he  t e s t  i s  n o t  p r o h i b i t i v e  from a c o s t  and schedule 
viewpoint .  Program c o s t  and schedule requirements should d i c t a t e  
the i n c l u s i o n  o r  d e l e t i o n  of t h i s  t e s t  i n  any f u t u r e  programs. 
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Detec tor /pane l  FA tes ts :  The d e t e c t o r l p a n e l  FA program, 
c u r r e n t l y  r equ i r ed ,  c o n s i s t s  of the tests descr ibed  i n  the  f o l -  
lowing paragraphs.  

The switch t r a n s f e r  pressure  test is  i d e n t i c a l  t o  t h a t  des-  
c r ibed  previous ly  under Pressure Switch FA Tests and should be 
r e t a ined  f o r  the s a m e  reasons.  Program experience i n d i c a t e s  
t h a t  only two tests need be performed, one i n i t i a l l y  and one a t  
the completion of FAT. 

Switch c o n t a c t  r e s i s t a n c e  .- This  test i s  i d e n t i c a l  t o  the  
pressure  switch tes ts  and should be r e t a ined  f o r  t he  s a m e  reasons.  
Based on t h i s  program's empi r i ca l  d a t a ,  one ou t  of 40 i t e m s  t o  
r ece ive  FA f a i l e d  t h i s  test .  It i s  recommended t h a t  only two 
tes ts  be performhd, one i n i t i a l l y  and one a t  the  completion of 
FA, even though t h i s  could a l low 1 t o  2% of the  t o t a l  b u i l d  t o  
proceed through FA i n  a f a i l e d  condi t ion .  Considering t h a t  i t  
takes  2 h r  per  i t e m  func t iona l ,  t h i s  would save 60 manhours (80 
manhours saved on func t iona l  - 20 manhours on unnecessary thermal 
cyc l ing  tes t )  f o r  each 40 i t e m s  t e s t e d .  

The helium l eak  t e s t  produced r e s u l t s  s i m i l a r  t o  pressure  
switch tes ts  and should be r e t a i n e d .  I n  a d d i t i o n ,  i t  should be 
performed a f t e r  each environment f o r  a t o t a l  of t h ree  t i m e s .  

The RGA l eak  t e s t  i s  requi red  f o r  dua l  d e t e c t o r s  wi th  a 
common boundary. It i s  necessary  t o  r e t a i n  t h i s  t es t  i f  dua l  
d e t e c t o r  des ign  is  p a r t  of any f u t u r e  programs. This t e s t  should 
be performed as an i n i t i a l  l eak  t e s t  only since the  RGA t e s t s  
performed a f t e r  a l l  o t h e r  t e s t i n g  have n o t  r e s u l t e d  i n  f a i l u r e .  

The l e v e l  appl ied  during the random v i b r a t i o n  t e s t  w a s  213 
of the  q u a l i f i c a t i o n  l e v e l .  The shape w a s  obtained by enveloping 
sinewave response d a t a  obtained during the  D&D phase. This  proved 
t o  be a reasonable  t e s t  i n  t h a t  i t  w a s  a b l e  t o  d e t e c t  f laws.  This 
tes t  should be r e t a ined  f o r  f u t u r e  programs. 

The thermal cyc l ing  tes t  produced the  most malfunct ions and 
f a i l u r e s  of the FA program. The tes t  l e v e l s  and d u r a t i o n  are 
s u f f i c i e n t  t o  p o i n t  up c o r r e c t a b l e  weaknesses. This f a c t  i s  
i n d i c a t i v e  of the  n e c e s s i t y  of r e t a i n i n g  the t e s t  i n  any fu tu re  
FA programs. 

Detector /panel  q u a l i f i c a t i o n  test:  Funct iona l  and l e a k  tests 
should be r e t a ined  as they p resen t ly  ex i s t ,  wi th  one except ion.  
The RGA test  should now be the f i n a l  l e a k  tes t  performed. This 
c l o s e s  the  loop, having performed RGA as a n  i n i t i a l  FA l eak  t e s t  
and now, as a f i n a l  q u a l i f i c a t 2 o n  l eak  test .  
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For reasons a l r eady  s f a t e d  the sinewave v i b r a t i o n  tes t  
should n o t  be r e t a i n e d  i n  any f u t u r e  q u a l i f i c a t i o n  programs. 

There does n o t  s e e m  t o  be any reason t o  e i t h e r  change o r  
d e l e t e  the random v i b r a t i o n  t e s t ,  as it i s  p resen t ly  s p e c i f i e d .  
It i s ,  t h e r e f o r e ,  recommended t h a t  i t  be r e t a ined  i n  any f u t u r e  
q u a l i f i c a t i o n  program. 

For reasons a l r eady  discussed the shock tes t  should e i t h e r  
be rev ised  o r  de l e t ed  i n  f u t u r e  q u a l i f i c a t i o n  programs. 

Considering the  l a rge  su r face  area of the de t ec to r /pane l s  , 
the  a c o u s t i c s  tes t  i s  a v a l i d  tes t ,  i n  i t s  p resen t  form, does 
produce tes t  resu'lts by amplifying weaknesses, and should be 
r e t a i n e d .  

The thermal vacuum soak t e s t  w a s  success fu l ly  performed as 
s p e c i f i e d .  The temperatures were real is t ic  as w a s  the  vacuum 
requirements.  The n e t  r e s u l t s  w e r e  a "go" l i g h t  that went ou t  
dur ing  the cold po r t ion  f o r  an  undetermined reason,  and one i t e m  
leak ing  a f t e r  t e s t  because of impur i t ies  i n  the  b raze ,  The t e s t  
w a s  q u i t e  expensive and t i m e  consuming. On s ta t ic  performing 
i t e m s ,  such as panels ,  the  e f f e c t  can be r e a d i l y  obtained by 
mathematical  a n a l y s i s .  Since the weak s p o t  i n  these  i t e m s  would 
most l i k e l y  be the  pressure  switch diaphragm, a tes t  of the pres -  
su re  switch (a l ready  recommended) i s  a much less c o s t l y  way of 
v e r i f y i n g  ope ra t ion  i n  t h i s  environment. It i s  recommended t h a t  
t h i s  tes t  no t  be performed i n  fu tu re  programs. 

Accelerated l i f e  cyc l ing :  This t e s t  w a s  performed on both 
components (pressure  switches)  and subassemblies (pane l /de t ec to r s ) .  
The t e s t  cr i ter ia  w e r e  the  same f o r  both,  b u t  t e s t i n g  w a s  accom- 
p l i shed  i n  a d i f f e r e n t  manner i n  t h a t  h o t  and cold temperature 
media were d i f f e r e n t .  I n  both cases the specimens received an 
i n i t i a l  func t iona l  and helium leak  t e s t  af ter  completing FA tests,  
They w e r e  then cycled through 2 1  344 cyc le s  (minimum) of the  
requi red  h o t  and cold temperatures.  The t e s t  c r i t e r i a  seem w e l l  
founded , b u t  d i scount ing  t e s t  se tup  induced problems , no environ-  
mental  e f f e c t  w a s  de tec ted .  The test  s e t u p  and opera t ion  ( a t  
least  on panels )  i s  expensive and t i m e  consuming. Since the  
b a s i c  designs t e s t e d  seem capable  of su rv iv ing  the s imulated 
environment it i s  recommended t h a t  t h i s  t es t  be excluded i n  f u t u r e  
programs . 
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Sumary of recommendations: The pressure switch FAT test-  
ing should be performed i n  the following sequence : 

I n i t i a l  functional (switch point and contact  res is tance)  ; 

Helium leak;  

Random vibra t ion ;  

Temperature cycling; 

Func t iona 1 ; 

Helium leak. 

The recommended pressure switch qua l i f ica t ion  t e s t s  and 
sequence are as follows: 

I n i t i a l  functional (same as f i n a l  FAT functional)  ; 

Helium leak (same as f i n a l  FAT leak);  

Random vibra t ion ;  

Higher leve l ,  shor te r  duration shock; 

Func t iona 1 ; 

Leak ; 

Acoustics ; 

Func t iona 1 ; 

Leak ; 

Thermal-vacuum soak; 

Functional ; 

Leak. 

The recommended detector/panel FAT and sequence are as 
f 01 lows : 
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I n i t i a l  functional (switch point and contact res is tance)  ; 

Helium o r  RGA leak; 

Random vibra t ion ;  

Thermal cycling; 

Final functional;  

Final helium leak. 

The recommended detector/panel qua l i f ica t ion  t e s t s  and 
sequence a re  a s  follows: 

I n i t i a l  functional (same as  f i n a l  FAT); 

I n i t i a l  helium leak (same as  f i n a l  FAT); 

Random vibra t ion ;  

Higher leve l ,  shorter  duration shock; 

Functional ; 

Helium leak; 

Acoustics ; 

F ina 1 f unc t iona 1 ; 

Final helium o r  RGA leak. 

Test tooling development.- During the various phases of 
t h i s  t e s t  program several  tes t  t o o l s  were undergoing development 
because of a contract  requirement beyond state-of-the a r t  tech- 
niques, and a l so  because of the unique configurations of some 
of the detectors .  Generally, a l l  other tooling was routine i n  
nature and w i l l  not be covered i n  th i s  section. The area d i s -  
cussed i n  subsequent paragraphs describes the features of the 
dynamics f ix tu re ,  and detector  and switch accelerated l i f e  cycle 
f i x  tur  ing . 

Dynamics f ix ture :  Several design concepts were considered 
i n  development of the dynamics f ix ture .  The i n i t i a l  design con- 
s iderat ions were the l imitat ion of  the v ibra t ion  exc i t e r  table 
s i ze  and the worse-case detector s ize .  These conditions, i n  

290 



conjunct ion  wi th  the  weight and force  l i m i t a t i o n  of the v i b r a t i o n  
e x c i t e r ,  u l t i m a t e l y  l ed  t o  the f i x t u r e  design used on the MPDD 
program. 

The i n i t i a l  des ign  considered w a s  a forced cone conf igura-  
t i o n  t h a t  would have extended the shaker  t a b l e  s i z e  t o  be com- 
p a t i b l e  wi th  d e t e c t o r  phys ica l  dimensions wi th  maximum r i g i d i t y .  
This  f i x t u r e  would have been a magnesium c a s t i n g .  However, 
dur ing  des ign  ana lyses  i t  w a s  discovered t h a t  i f  the cone w a s  
extended t o  accommodate the  40x49-in. d e t e c t o r  a t  a n  optimum 
ang le ,  the weight of the  f i x t u r e  would exceed the shaker  l i m i -  
t a t i o n s .  

The second des ign  considered w a s  a t runcated pyramid wi th  
I-beam c ross - sec t ion  cons t ruc t ion  of machined weldments ( f i g s .  
167 t h r u  1 7 1 ) .  This  f i x t u r e  w a s  s o  designed t h a t  i t  could be 
assembled i n t o  s e v e r a l  conf igu ra t ions  t h a t  would s a t i s f y  a l l  
dynamic tes t  condi t ions  al lowing a l l  o r  p a r t  of the f i x t u r e  t o  
c o n s t i t u t e  the  t o o l  needed t o  'perform v i b r a t i o n ,  shock and 
a c o u s t i c s  t e s t  requi red  by the  program. Fur the r  the  f i x t u r e  
w a s  designed t o  accommodate a l l  d e t e c t o r  conf igu ra t ions ,  e l i m i -  
n a t i n g  the  need f o r  more than one f i x t u r e .  

The f i x t u r e  c o n s i s t s  o f  s eve ra l  assemblies:  (1) t runca ted  
pyramid base assembly; (2) r i n g  frame assembly with c r o s s  b a r s ;  
( 3 )  s l i d e  p l a t e  assembly; and ( 4 )  a c o u s t i c s  r i g i d  support  as- 
semb l y  . The f i x t u r e  conf igu ra t ions  used dur ing  performance of 
the dynamics t e s t i n g  w e r e  as follows : 

Vibra t ion  and shock (out-of-plane axis) used the  base 
assembly, and the r i n g  frame with/without  c ros s  ba r s  
depending on d e t e c t o r  conf igu ra t ion  being t e s t e d ;  

V ib ra t ion  and shock ( in-plane axes) used the s l i d e  
p l a t e  assembly and the r i n g  frame with/without  c ros s  
ba r s  depending on d e t e c t o r  conf igu ra t ion  being t e s t e d ;  

Acoust ics  used the r i g i d  support  assembly and the 
r i n g  frame with/without  c ros s  ba r s  depending on de tec -  
t o r  conf igu ra t ion  being t e s t e d .  

Detec tor  acce le ra t ed  l i f e  cyc le  f i x t u r e :  This  f i x t u r e  w a s  
designed t o  s imula te  the  thermal environment experienced by the 
d e t e c t o r  dur ing  the  near -ear th  o r b i t a l  mission.  The des ign  goal  
w a s  t o  accomplish the thermal cyc le  i n  a 4-minute per iod.  This  
type of tes t  had n o t  been previously performed. Therefore ,  
des ign  of t h i s  f i x t u r e  went through s e v e r a l  development i t e r a t i o n s  
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Figure 167.-  Machined Weldment Vibrat ion F ix tu re  
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Figure 168.- 40x49-in. Configuration, In-Plane Axis 

Figure 169.- 12x40-in. ConfSguration, In-Plane Axis 
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Figure 170.- 40x49-in. Configuration, Out-of-Plane Axis 

Figure 171.- 12x40-in. Configuration, Out-of-Plane Axis 
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before  a n  adequate system w a s  developed t o  m e e t  the  requi red  
t e s t  condi t ions .  The f i r s t  system considered w a s  one t h a t  used 
a combination of a co ld  l i q u i d  ba th  and r a d i a n t  hea t ing .  
i n i t i a l  problem w a s  the requirement t o  perform the  t e s t  i n  a 

The 

n d i t i o n  of 1 t o r r .  A f t e r  research  of many l i q u i d s  t h a t  
c h i l l e d  t o  -16O0F and s t i l l  remained s t a b l e  a t  pressures  

of 1 t o r r ,  only the hydnocarbon pentane appeared t o  be f e a s i b l e  
f o r  the  a p p l i c a t i o n .  A t  t h i s  po in t  a subs ize  prototype f i x t u r e  
( f i g .  172)  w a s  f ab r i ca t ed  t o  eva lua te  pentane behavior  a t  t he  
requi red  test  condi t ions .  The r e s u l t s  of t h i s  test  were encour- 
aging enough t o  proceed wi th  a f u l l - s i z e  prototype f i x t u r e  ( f i g .  
173) .  However, dur ing  the f u l l - s i z e  eva lua t ion  several problems 
i n  func t iona l  and thermal c o n t r o l  areas w e r e  encountered. The 
most s e r i o u s  problems w a s  i n  providing s u f f i c i e n t  h e a t  exchange 
t o  proper ly  cool  the pentane t o  the requi red  l e v e l .  To c o r r e c t  
t h i s  s i t u a t i o n ,  the f i x t u r e  would have requi red  ex tens ive  modi- 
f i c a t i o n .  Therefore ,  pentane w a s  abandoned as a cool ing  media 
and w a s  replaced by use  of LN2. 
be u n s a t i s f a c t o r y ,  a l s o  because of excess ive  thermal g rad ien t  
c r ea t ed  ac ross  the  su r face  of the t es t  specimens. 

This  scheme, however, proved t o  

During f i x t u r e  development a series of thermal ana lyses  
were performed, r e s u l t i n g  i n  changes t o  the  t e s t  requirements.  
The primary changes were t h a t  of removing the 1 t o r r  pressure  
requirements and r e l i e v i n g  a l l - l ow temperature requirements.  
These changes coupled wi th  the prev ious ly  encountered des ign  
problems led t o  the  t h i r d  system which used a n  induct ive  hea t ing  
system and a LN2 spray  cool ing  system. This  system adequately 
s a t i s f i e d  the t es t  requirements and w a s  the  sys  t e m  used t o  per-  
form the d e t e c t o r  ALC test .  The c o n t r o l  system used wi th  t h i s  
f i x t u r e  w a s  a r e l a y  l o g i c  system t h a t  w i l l  respond t o  e i t h e r  one 
of two c o n t r o l  modes. These modes are cyc le  c o n t r o l  as a func- 
t i o n  of temperature o r  a p a r t i c u l a r  s e l e c t e d  t i m e  base.  

Pressure switch acce le ra t ed  l i f e  cyc le  f i x t u r e  ( f i g s .  122 
t h ru  124): This  f i x t u r e  w a s  designed us ing  the experience gained 
dur ing  development of the  d e t e c t o r  f i x t u r e .  The p r i n c i p a l  d i f -  
fe rence  i s  i n  the  method of h e a t i n g  and cool ing .  This  des ign  
uses  the i n i t i a l  immersion concept wi th  d i f f e r e n t  f l u i d s .  It 
a l s o  uses  a n  immersion ba th  f o r  the hea t ing .  The f l u i d s  are 
g lyce r in  and a l coho l .  The g l y c e r i n  i s  heated wi th  a thermosta t ic  
con t ro l l ed  h o t  p l a t e  and the  a l coho l  i s  cooled us ing  a l i q u i d  
C02 i n j e c t o r .  
on the  d e t e c t o r  ALC test .  

The c o n t r o l  system used i s  i d e n t i c a l  t o  t h a t  used 
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Figure 172 . -  Pentane Evaluation F i x t u r e  

Figure 173 .- Ful l -S ize  Pentane F i x t u r e  
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RELIABILITY AND QUALITY 

Throughout the MPDD program, R e l i a b i l i t y  and Qual i ty  main- 
ta ined  a complete chronologica l  h i s t o r y  of the  f a b r i c a t i o n  and 
t e s t  opera t ions  of each de tec to r /pane l  conf igu ra t ion  s e l e c t e d  
by NASA-LRC f o r  M&T Operat ions.  A system f o r  pe r iod ic  r epor t ing  
of f a i l u r e s  and Material Review Board (PIRB) Actions w a s  e s t a b -  
l i shed  and maintained.  Appendix C summarizes the ind iv idua l  
MRB a c t i o n s  and f a i l u r e s  t h a t  w e r e  repor ted  on the  MPDD hardware. 

Source d a t a  documents such as the  i n i t i a l  F a i l u r e  Report ,  
Mart in  Automatic Reporting System (MARS Form), and F a i l u r e  Anal- 
y s i s  Reports are referenced  i n  Appendix C f o r  the  convenience of 
the r eade r .  Copies of  these  documents were forwarded t o  NASA- 
LRC concurrent  wi th  the  hardware f a i l u r e .  Appendix C p re sen t s  
the  MRB a c t i o n s  and f a i l u r e  h i s t o r y  f o r  the  pressure  ac tua t ed  
switch.  
conf igu ra t ions  B l A ,  C 1 ,  D2A, D3A, E L I ,  E3A, and FIA are grouped 
toge ther  t o  relate a composite f a i l u r e  h i s t o r y  p i c t u r e  f o r  a 
given conf igu ra t ion .  

Following the  switch h i s t o r i e s  the  f i n a l  de tec tor /par ie l  

Most of the  pressure  switch and completed d e t e c t o r  f a i l u r e s  
were random f a i l u r e s  and exh ib i t ed  no p a r t i c u l a r  t r ends .  Some 
d e t e c t o r  f a i l u r e s  d id  occur,  however; i n  t he  pressure  tube of t he  
B1A and F1A d e t e c t o r s .  This tube j o i n s  the  remotely mounted pres-  
s u r e  switch t o  the  d e t e c t o r  t a r g e t  s h e e t ;  and these  f a i l u r e s  were 
a t t r i b u t e d  t o  a poss ib l e  design d e f i c i e n c y .  The problem was cor -  
r ec t ed  by redesign of t h i s  pressure  tube .  

F a i l u r e s  i n  ALC t e s t  were almost e n t i r e l y  a t t r i b u t a b l e  t o  
t e s t  f i x t u r e  problems, and not t o  i n a b i l i t y  of t he  d e t e c t o r s  t o  
surv ive  t h e  ALC t e s t  environment. A d e t a i l e d  summary of f a i l u r e s  
i s  included i n  Appendix C .  

Summary of Del iverable  Contract  End I t e m s  f o r  t h e  MPDD Program 

Two each of c o n t r a c t  end i tems r e p r e s e n t a t i v e  of t h e  seven 
conf igu ra t ions  s e l e c t e d  by NASA-LRC a r e  d e l i v e r a b l e  i n  accordance 
wi th  Exhib i t  A,  NASA Statement of Work L-7138A da ted  March 1, 
1967, re ference  paragraph 4.1.3 t he reo f .  
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The fol lowing t a b u l a t i o n  summarizes the  hardware d e l i v e r i e s :  

D e l i v e r y  helium 
Conf igura t ion  & PIN S e r i a l  No. p r e s s u r i z a t i o n  l e v e l s  

B l A ,  8280-04000-29 S/N 0000106 27.7 p s i a  @ 76OF 
-39 SIN 0000107 27.7 p s i a  @ 75OF 

C 1  , 8280-07000-29 SIN 0000105 27.9 p s i a  @ 79'F 
S/N 0000106 27.9 p s i a  @ 79OF 

OZA, 8280-13000-29 S/N 0000101 27.7 p s i a  @ 76OF 
S / N  0000103 27.6 p s i a  @ 72OF 

D3A, 8280-16000-29 SIN 0000103 27.6 p s i a  @ 74'F 
S/N 0000104 27.6 p s i a  @ 74OF 

E l A ,  8280-19000-30 S / N  0000101 27.7 p s i a  @ 75OF 
S/N 0000104 27.7 p s i a  @ 76OF 

E3A, 8280-25000-29 S/N 0000105 27.6 p s i a  @ 72OF 
SIN 0000106 27.6 p s i a  @ 720F 

FlA, 8280-28000-20 S / N  0000104 27.6 p s i a  @ 74'F 
-39 SIN 0000108 27.7 p s i a  @ 76'F 

Each u n i t  of d e l i v e r a b l e  hardware w a s  accompanied by a n  
Acceptance Data Package c o n s i s t i n g  of the  fol lowing d a t a  i t e m s :  

Form DD250; 

F i n a l  recap  c e r t i f i c a t i o n  on shor t ages ;  

Copy of app l i cab le  MRB a c t i o n s  ; 

Copy of each i n s t a l l e d  pressure  switch FAT d a t a  and a 
copy of the d e t e c t o r l p a n e l  FAT d a t a ;  

Copy of the  conf igu ra t ion  log  (base l ine  d e f i n i t i o n  and 
a l l  app l i cab le  changes e f f e c t i v e  on the end i t e m ) .  

Corrosion R e s i s t a n t  S t e e l  Sheet  S e l e c t i o n  

The material i n i t i a l l y  chosen f o r  t he  MPDD program w a s  304L 
s t a i n l e s s  s t ee l .  The reason f o r  t h i s  choice  w a s  t h a t  preproposal  
work performed by Mart in  Marietta ind ica t ed  t h a t  any weldable 
300 series s t a i n l e s s  s t ee l  could s u f f i c e  f o r  t h i s  a p p l i c a t i o n .  
Therefore ,  the cri teria f o r  s e l e c t i n g  a material included: 

1) Existence of a s tandard  s p e c i f i c a t i o n  covering the raw 
material ; 

2)  A v a i l a b i l i t y  of  the mater ia l ;  

3 )  Meta l lu rg ica l  "c leanl iness"  of t he  material .  

S t a i n l e s s  s tee l  304L appeared t o  be the b e s t  material t o  
f i t  these  c r i te r ia .  
the r a w  material, i t  w a s  r e a d i l y  a v a i l a b l e  i n  s h e e t  and f o i l  
gages,  and T i t a n  experience showed i t  t o  be one of the "c leanes t"  

I n  a d d i t i o n  s p e c i f i c a t i o n  QQ-S-766 covered 
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materials (me ta l lu rg ica l ly )  of any of the  common 300 s t a i n l e s s  
s teels .  Consequently, 304L material w a s  ordered f o r  the  MPDD 
program. 

When the  304L material w a s  rece ived ,  it w a s  found t o  be 
m e t a l l u r g i c a l l y  less c l e a n  than what w a s  considered t y p i c a l .  
For example, seven of the n ine  shipments received w e r e  r e j e c t e d  
f o r  n o t  meeting s p e c i f i c a t i o n  requirements.  This  r e j e c t i o n  rate 
w a s  completely unacceptable  and i t  w a s  necessary  t o  determine i f  
the  q u a l i t y  of material des i r ed  w a s  unava i l ab le  from indus t ry  or  
i f  t he re  w e r e  omissions i n  the  q u a l i t y  requirements placed on 
the purchase o rde r s  by Mart in  Marietta. Consul ta t ion  wi th  the 
vendors v e r i f i e d  t h a t  the  304L material w a s  n o t  t y p i c a l  of the 
ma jo r i ty  of 304L produced, b u t  t h a t  i t  would be d i f f i c u l t  and 
t i m e  consuming, i f  n o t  uneconomical, t o  segrega te  304L r o l l i n g  
s tock  t o  produce f o i l  th icknesses  wi th  t h e  d e s i r e d  mic ros t ruc tu re .  
Aside from t h i s  problem i t  w a s  a l s o  determined t h a t  304L annealed 
material  d id  n o t  have a high enough y i e l d  s t r e n g t h  f o r  the "A" 
conf igu ra t ions  of the program and a d e c i s i o n  w a s  made t o  use 
Armco produced a l l o y ,  21-6-9 in s t ead  of 304L. 

Martin Marietta S p e c i f i c a t i o n  (STM 1216) w a s  prepared and 
r e l eased  as the governing s p e c i f i c a t i o n  f o r  procurement and con- 
t r o l  of 21-6-9 co r ros ion  r e s i s t a n t  s tee l  s h e e t .  Two sources  
w e r e  used i n  the  procurement of 21-6-9 material on the  MPDD 
program. They were: 

1) Rodney Metals, Incorporated 
New Bedford, Massachusetts 

2)  Esco Corporat ion 
Denver, Colorado 

Nondestruct ive Tes t ing  Methods 

During the PDD phase of the  program s e v e r a l  nondes t ruc t ive  
in spec t ion  t e s t i n g  techniques showed promise f o r  use on MPDD 
hardware. A program t o  eva lua te  u l t r a s o n i c ,  i n f r a r e d ,  and rad io-  
graphic  i n s p e c t  ion  techniques wi th  re l a  t ion  t o  spo t w e  Id  i n t e g r i t y  
w a s  e s t a b l i s h e d  and c a r r i e d  out  by the Qual i ty  Laboratory.  By 
the  t i m e  specimen t e s t i n g  w a s  completed, i t  w a s  concluded t h a t  
on ly  t h e  rad iographic  method w a s  acceptab le  f o r  use on MPDD 
hardware. Radiographic in spec t ion  parameters w e r e  e s t a b l i s h e d  
and incorporated i n t o  the  MPDD welding s p e c i f i c a t i o n .  A summary 
of each method fol lows.  
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Ul t ra son ic  in spec t ion  technique.-  The equipment employed 
throughout the u l t r a s o n i c  eva lua t ion  phase w a s  a Model UM715 
Reflectoscope,  manufactured by Automation I n d u s t r i e s  Inc .  It 
w a s  a pulse- type instrument  wi th  a n  u l t r a s o n i c  test  frequency 
range of 2.25 MHz t o  15 MHz. It w a s  used i n  conjunct ion wi th  a 
Budd Bridge Scanner and a n  Ald in  "C" Scan Recorder t h a t  provided 
a permanent recorded output .  F igures  174, 175, and 176 show t h e  
u l t r a s o n i c  in spec t ion  equipment. 

A set  of specimens were f ab r i ca t ed  us ing  0.016-in. t o  0.016- 
i n .  t h i c k  21-6-9 s t a i n l e s s  steel  s h e e t  material. This combination 
w a s  s e l e c t e d  because the material w a s  a v a i l a b l e  a t  the t i m e  of 
the  eva lua t ion  program and weld schedules  had been e s t a b l i s h e d  
f o r  t h i s  combination of material. Severa l  specimens w e r e  welded 
us ing  the  e s t a b l i s h e d  weld schedule ,  thus ,  producing good spo t -  
welds.  Using low c u r r e n t  and pressure  s e t t i n g s  , low pene t r a t ion  
specimens w e r e  produced, and f i n a l l y  high c u r r e n t  and pressure  
s e t t i n g s  produced specimens wi th  excessive pene t r a t ion .  None 
of the  l a te r  tes t  specimens used c u r r e n t  s e t t i n g s  h igh  enough t o  
produce weld expuls ions  o r  s p i t s .  Two u l t r a s o n i c  techniques w e r e  
i nves t iga t ed  . 

Pulse-echo immersion: This  method involves  pass ing  the 
sound wave pulse  i n t o  the  material, r e f l e c t i n g  i t  from the  back 
su r face  of the  material a f t e r  pass ing  through the  weld nugget 
and monitor ing t h i s  r e f l e c t e d  sound. Frequencies of 2.25 MHz, 
5 MHz, 10 MHz and 15 MHz w e r e  used on each of the nondes t ruc t ive  
specimens f ab r i ca t ed .  Resolu t ion  of the f r o n t  and back su r faces  
w a s  found t o  be ve ry  d i f f i c u l t  w i th  t h i s  techniques and equip-  
ment, t hus ,  the technique w a s  d i scont inued .  

Through t ransmiss ion  (modified) immersion: With t h i s  tech-  
nique the  sound pulse  passes  completely through the t e s t  p ieces  
where they are welded and i s  r e f l e c t e d  from a r e f l e c t i o n  p l a t e  
placed under the  weld. Using t h i s  method a t  15 MHz i t  w a s  poss i -  
b l e  i n  some, b u t  n o t  i n  a l l  cases t o  d i s t i n g u i s h  between the lack  
of pene t r a t ion  samples and the  excessive penetration samples. 
On completion of u l t r a s o n i c  t e s t i n g ,  a l l  of t he  u l t r a s o n i c  d a t a  
w e r e  c o r r e l a t e d  wi th  d e s t r u c t i v e  tests. These tes ts  included 
shea r ,  pee l ,  and tens ion .  The c o r r e l a t i o n  f o r  d i s t i n g u i s h i n g  
good welds from substandard q u a l i t y  w a s  found t o  be about  60%. 
It w a s  concluded t h a t  l a c k  of 100% assurance i n  the  p red ic t ion  
of weld q u a l i t y  through u l t r a s o n i c  in spec t ion  w a s  s u f f i c i e n t  
cause f o r  d i s q u a l i f i c a t i o n  of  i t s  use  on MPDD hardware. U l t r a -  
son ic  methods w e r e  abandoned on the  b a s i s  of i n s u f f i c i e n t  
r e l i a b i l i t y  . 
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Figure 174.- Ultrasonic Inspection 
of .016-in. Welding 
S amp 1 e s 

Figure 175.- Ultrasonic Inspection of 
Welds on Full-Size Panel, 
Transducer Assembly 

Figure 176. - Chart Recorder Used for 
Ultrasonic Inspection of 
Welds on Full-Size Panel 
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I n f r a r e d  in spec t ion  technique. - This  method of i n spec t ion  
used a Spectratherm (Liquid C r y s t a l )  B793-10, range 3 7 O C  t o  4OoC , 
produced by WestinghQuse Electr ic  Corporation. Sample spotweld 
specimens i d e n t i c a l  t o  those used i n  u l t r a s o n i c  eva lua t ion  were 
subjec ted  t o  the  i n f r a r e d  technique,  Liquid c r y s t a l  material  
w a s  used t o  eva lua te  the  d i f f e r e n c e s  i n  thermal conduc t iv i ty  i n  
the parent  material and i n  the s p o t  nugget.  I n  the l i q u i d  c r y s t a l  
method, the mixture  i s  painted on the tes t  su r face ,  the specimen 
i s  warmed by a n  i n f r a r e d  lamp and then a i r -cooled .  T rans i en t  
d i f f e r e n c e s  i n  temperature are ind ica t ed  by c o l o r  changes i n  the 
l i q u i d  coa t ing .  Discr imina t ion  of the s p o t  nugget w a s  r e a d i l y  
apparent  from the parent  metal. However, the  c o l o r  changes from 
d i f f e r e n c e s  i n  spotweld q u a l i t y  wi th  regard t o  pene t r a t ion  could 
n o t  be c o r r e l a t e d .  The co lo r  changes were too  s u b t l e ,  and i n  
some ins tances  s p o t s  t h a t  were forged only v i a  pressure  app l i ca -  
t i o n  and no c u r r e n t  were n o t  d i sce rnab le  from a spotweld nugget.  
This  method w a s  discont inued because of a t o t a l  l ack  of conf i -  
dence i n  i t s  r e s u l t s .  

Radiographic in spec t ion  techniques.-  This  i n spec t ion  method 
used a General Electric Resotron 300 (300 kV) X-ray tube. The 
r e s u l t s  of X-ray on MPDD hardware was.successfu1.  The charac-  
ter is t ics  of l a c k  of fus ion ,  weld s p i t s ,  po ros i ty ,  and cracks 
w e r e  r e a d i l y  apparent  wi th  rad iographic  in spec t ion .  Spotweld 
pee l ing  as a r e s u l t  of pressure  expanding w a s  a l s o  n o t  a problem 
and w a s  r e a d i l y  inspected v i s u a l l y .  Radiographic in spec t ion  w a s  
incorporated i n  a l l  MPDD f a b r i c a t i o n  process  plans.  Requirements 
f o r  rad iographic  in spec t ion  q u a l i t y  w e r e  s e t  f o r t h  i n  the 8280- 
00005, Weld and Braze Process Control  S p e c i f i c a t i o n ,  MPDD Program. 

CONCLUSIONS 

The MPDD program has demonstrated t h a t  l a rge  f l a t  pressurized 
meteoroid pene t r a t ion  d e t e c t o r s  can be b u i l t  and q u a l i f i e d  i n  the 
s p e c i f i e d  conf igu ra t ions  and s izes  f o r  near -ear th  o r b i t a l  and 
deep-space miss ions .  It is  a l s o  reasonable  t o  assume t h a t  the 
conf igu ra t ions  chosen f o r  MPDD f a b r i c a t i o n  i n  o t h e r  s i z e s  and 
th ickness  combinations w i l l  p r e sen t  no problems. This  conclusion 
i s  f u r t h e r  supported by the success fu l  f a b r i c a t i o n  of curved 
d e t e c t o r s  i n  a number of d i f f e r e n t  th ickness  combinations and 
s i z e s  o the r  than those o r i g i n a l l y  s p e c i f i e d  f o r  MPDD. 

From s p e c i f i c  experiences dur ing  the program i t  may be con- 
cluded t h a t  m i l l  f i n i s h e s  are a poorly c o n t r o l l e d  measure of the 
o p t i c a l  and s u r f a c e  r e s i s t a n c e  p r o p e r t i e s  of s t a i n l e s s  steels. 
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Fin i shes  vary  between m i l l s  and between d i f f e r e n t  types of s t a i n -  
less s teels .  For the MPDD a p p l i c a t i o n  the  f a b r i c a t i o n  should 
provide the processes  t o  o b t a i n  des i red-  o p t i c a l  and s u r f a c e  
r e s i s t a n c e  p r o p e r t i e s .  

Res is tance  s p o t  welding i s  capable  of producing j o i n t s  of 
h igher  s t r e n g t h ,  un i formi ty ,  and r e p e a t a b i l i t y  than  ind ica t ed  by 
handbook da ta .  Correspondingly i n  a s p e c i f i c  h igh  q u a l i t y  con- 
t r o l l e d  a p p l i c a t i o n ,  the  use of handbook d a t a  f o r  s p o t  welds i n  
des ign  w i l l  probably r e s u l t  i n  a n  overdesign. The s i g n i f i c a n c e  
of material su r face  r e s i s t a n c e  t o  w e l d a b i l i t y  w a s  noted dur ing  
the  program. I n  welding t h i c k  f o i l s  of approximately equ iva len t  
th ickness ,  un i formi ty  of r e s i s t a n c e  i s  most important .  The abso- 
l u t e  va lue  of r e s i s t a n c e  i s  less important because i t  may be 
compensated f o r  by parameter changes on the  welding machine. 
When p l i e s  of v e r y  unequal th icknesses  are welded, n o t  only i s  
the  uni formi ty  important  b u t  the abso lu te  va lue  of su r face  re- 
s i s t a n c e  should be low t o  h e l p  l o c a t e  the  weld nugget more i n  
the t h i c k e r  p ly  and prevent  mel t ing  completely through the t h i n  
p ly .  The use  of a "peel" s h e e t  t o  a i d  i n  s p o t  and s e a m  welding 
0.002-in. f o i l s  t o  0.016-in. f o i l s  w a s  v e r i f i e d  dur ing  the pro- 
gram. I n  our  experience c o n s i s t e n t l y  s t r o n g  l eak - f r ee  welds i n  
t h i s  combination could be obtained much more c o n s i s t e n t l y  wi th  
the  use  of a 0.001-in. pee l  s h e e t  f o r  s p o t  welds and a 0.008-in. 
pee l  s h e e t  f o r  s e a m  welds.  

Ear ly  i n  the  program i t  w a s  concluded t h a t  chem-milling t o  
preform the  c a v i t y  i n  t a r g e t  shee t s  w a s  unacceptable  because the 
requi red  th ickness  to l e rances  of the  t a r g e t  s h e e t  could n o t  be 
maintained.  

Experiments dur ing  the  program v e r i f i e d  and provided some 
q u a n t i t a t i v e  d a t a  on the p o s i t i v e  r e l a t i o n  between pressure  
formed d e t e c t o r s  and t h e i r  a b i l i t y  t o  surv ive  p re s su re  cyc l ing .  

Another e m p i r i c a l l y  der ived  conclus ion  w a s  t h a t  the  qimple 
square j o i n t  p a t t e r n  s t r u c t u r a l l y  had the  h i g h e s t  i nc rease  i n  
s t i f f n e s s  wi th  inc reas ing  c a v i t y  and the most c o n s i s t e n t  r e l a t i o n  
between c a v i t y  and forming pressure  of a l l  the  p a t t e r n s  considered.  

It w a s  a l s o  concluded t h a t  preforming does n o t  produce s t i f f e r  
panels  nor does s t i f f n e s s  a f f e c t  the  load c a r r i e d  by the d e t e c t o r  
mounts. 

It w a s  w e l l  e s t a b l i s h e d  dur ing  the program t h a t  s p o t  welded 
d e t e c t o r  j o i n t  a r r a y s  w e r e  s u p e r i o r  t o  s e a m  welded a r r a y s .  .This 
s u p e r i o r i t y  w a s  demonstrated i n  t a r g e t  area e f f i c i e n c y ,  s t i f f n e s s  
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and s t r u c t u r a l  s t a b i l i t y ,  cons is tency  of t h e  r e l a t i o n  between 
c a v i t y  formation and forming pressure  and success  of the spec i -  
mens i n  pressure  cyc le  t e s t i n g .  

The s u p e r i o r i t y  of r e s i s t a n c e  welding as the primary j o i n i n g  
process  over f l u x l e s s  braz ing  o r  d i f f u s i o n  bonding w a s  never 
c l e a r l y  e s t a b l i s h e d .  Rather the s e l e c t i o n  of r e s i s t a n c e  welding 
w a s  forced by i t s  g r e a t  success  r e l a t i v e  t o  the  success  i n  braz-  
ing and bonding. The l a c k  of success  i n  these  two processes  w a s  
i n i t i a l l y  a t t r i b u t e d  t o  equipment and contamination problems. 

'More r e c e n t  work i n  a new high-vacuum, high-temperature furnace 
d id  n o t ,  however, produce test specimens t o  cha l lenge  those ob- 
ta ined  by r e s i s t a n c e  welding wi th  a machine c o s t i n g  4% the  c o s t  
of t he  furnace.  Thus, r e s i s t a n c e  welding proved i t s e l f  a n  ade- 
quate  process  f o r  MPDD. A l s o  i t  w a s  concluded t h a t  even i f  the 
u l t ima te  i n  brazed j o i n t  s t r e n g t h s  had been c o n s i s t e n t l y  reached, 
brazed j o i n t s  would n o t  have been s t rong  enough t o  be used i n  
pressure  formed d e t e c t o r s .  With regard t o  d i f f u s i o n  bonding 
where the  j o i n t  s t r e n g t h  i s  t h e o r e t i c a l l y  as good as the pa ren t  
m e t a l ,  our experiments produced specimens t h a t  had extremely poor 
success  i n  pressure  cyc l ing  tes ts  because of some degrada t ion  of 
the m e t a l  dur ing  the high temperature bonding process .  

Explosive preforming of d e t e c t o r  cavi t ies  was a success fu l  
process .  The high c o s t  of the forming d i e  precludes the  use of 
t h i s  technique t o  conf igura t ions  where pressure  forming i s  n o t  
p r a c t i c a l .  

The ex tens ive  use of l a r g e  numbers of r e l a t i v e l y  inexpen- 
s i v e  subs ize  specimens provided quick conclus ive  eva lua t ions  of 
many f a c e t s  of des ign  e a r l y  i n  the  program, and i n  a number of 
cases, provided eva lua t ions  where the problem d id  no t  y i e l d  t o  
a n a l y s i s .  The subs ize  specimens were s impl i f i ed  ve r s ions  of the 
f u l l - s i z e  conf igu ra t ions .  They d id  n o t  have sea led-of f  f i l l  
tubes o r  simulated pressure  switches.  No problem w a s  expected 
wi th  tubes and the  switches w e r e  n o t  evolved u n t i l  w e l l  a f t e r  
the subs ize  d e t e c t o r  program w a s  concluded. Unfortunately,  as 
indica ted  i n  Appendix C these  two areas gave the  most t roub le  
dur ing  the f i n a l  phase of the program. It i s  a reasonable  con- 
c l u s i o n  t h a t  i f  these  i t e m s  had been adequate ly  considered i n  
the e a r l y  experimental  program the  problems i n  the  l a s t  phase 
would n o t  have occurred.  

Mart in  Marietta Corporat ion 
Denver, Colorado, October 20, 1969 
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APPENDIX A 

DOCUMENTATION 

A s i g n i f i c a n t  amount of d a t a  and documentation has been 
prepared and published dur ing  the  Meteoroid Pene t r a t ion  Detec tor  
Development Program. This  appendix i s  a compilat ion of the  con- 
t r a c t u a l  d a t a  prepared by Mart in  Marietta Corporat ion and sub- 
mi t t ed  t o  NASA-LRC dur ing  the conduct of c o n t r a c t  NAS1-7043. 
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DETECTOR PANEL DESIGNATION B1A 

LE412307-19 
LF412 308 -2 0 
LF412309-20 

LF412308-30 
LF412309-30 

LF412311-01 
LC412313-01 

LC412356-09 
LC412356-01 

LF412 31 0 - 10 
LF412312-01 
LC4-12325-01 
LB412 3 1 6 - 01 

LF412 314-1 9 
LC412411-39 

LA412417-003 
LC412411-30 

LC412390-01 

LC412379-01 
LN12409-02 

LN12408-01 
LD412406-01 
LB412402-01 
LB412405-01 
LC4-12324-01 
LC412329-02 
LNl-2330-01 
LC412315-01 

LF412399 8 

LC4-12398-09 
LD4-12397-01 
LC412 32 3 -02 

LC412398-10 
LD412397-02 
LC41232 3 -01 
Lc412 33 6- 01 

LF4-12399 

Panel Installation B1A 
Panel Assembly B1A 

Panel Subassembly B1A 

Target Sheet 
Backup Plate 
Fill Tube Assembly 
Tube 
Target Sheet Assembly 
Target Sheet 
Fitting, Filler Tube 
Reinforcing Plate, Filler Tube 
Switch Support Assembly 
Switch Cup Assembly 
Switch, Pressure Actuated 
Switch Cup Subassembly 
Cup, Switch 
Clip, Switch Support 
Tube, Interconnect 
Fill Tube 
Bracket, Switch Support 
Tube, Wire Cover 
Tube, Protective Sleeve 
Switch Cover 
Adapter, Pressure Switch 
Spacer, Switch Cover 
Sleeve, Pressure Tube 
Mounting Hole Pattern 
Angle Assembly 
Panel Support Angles 
Doubler 
Angle Assembly 
Panel Support Angles 
Doubler 
Bolt - Hard Point 
Mounting Hole Pattern 
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DETECTOR PANEL DESIGNATION C1 

LE412 31 7-1 9 
LF412318-29 
LF412319-29 

LF412 318 -2 0 
LF412319-20 

LF412 32 1 - 0 1 
LC412356-09 

LC412356-01 
LD412322 -09 

LF41232 0 - 01 
LC412325-01 
LA412417-003 
~~41232 6-01 
LC412327- 01 
LC412324-01 
LB412330-01 
LC412329-02 
LB412331-01 
LC412332-01 

LF4-12399 
LC412398-09 

LC4-12397-01 
LC41232 3-02 

LC412398 -10 
LC412397-02 
LC412323-01 
LC~I-2336-01 

Panel Installation 
Panel Assembly C1 

Panel Subassembly C1 

Target Sheet 
Fill Tube Assembly 
Tube 
Target Sheet Assembly C1 
Target Sheet C1 
Fitting, Filler Tube 
Switch, Pressure Actuated 
Sleeve, Protective 
Clip, Wire Cover 
Cover, Pressure Switch 
Spacer, 'Switch Cover 
Adapter, Pressure Switch 
Cover, Fill Tube 
Cap, Wire Cover 
Mounting Hole Pattern 
Angle Assembly 
Panel Support Angle 
Doubler 
Angle Assembly 
Panel Support Angle 
Doubler 
B o l t ,  Hard Paint 
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DETECTOR DESIGNATION D2A 

LF412339-20 
LF412340 -2 0 
LF412341-20 

LF412351-01 

LF412 342 - 01 
LC412325- 01 

LF412343-01 
LC412325-01 
LA412417-003 
LC412326-01 
LC4-12327-02 
LC412 324 - 02 
LC412329-02 
LW12331-01 
LB412330-01 

LC412332-04 
LC412332-02 

LD412333-01 
LC412328-03 

LD4-12333-02 
LC4-12328-03 
LC412336-01 

APPENDIX B 

Detector Installation D2A 

Detector Assembly D2A 

Detector Subassembly 

Core/Backup Sheet 
Fill Tube Assembly 
Tube 
Target Sheet Assembly 
Target Sheet 
Filler Tube Fitting 
Target Sheet Assembly 
Target Sheet 
Filler Tube Fitting 
Switch, Pressure Actuated 
Sleeve, Protective 
Clip, Wire Cover 
Cover, Pressure Switch 
Adapter, Pressure Switch 
Cover, Fill Tube 
Spacer, Switch Cover 
Cap, Wire Cover 
Cap, Wire Cover 
Mounting Hole Pattern 
Angle Assembly 
Angle, Detector Support 
Doub 1 er 
Angle Assembly 
Angle, Detector Support 
Doubler 
Bolt, Hard Point 
Mounting Hole Pattern 
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DETECTOR DESIGNATION D3A 

LE412 346- 1 9 
LE412347- 19 

LF412348-2 9 
LF412349 -29 
LF4-12350-29 

LF412 348-20 
LF412 349 -2 0 
LF412350-20 

LF412351-01 
LC412356-09 

~~412356-01 
LC412353-09 

LF4-12352-01 
LC412325-01 

LC412 32 6- 01 
LA412417-003 
LC412324-02 
LC41232 9 -02 
LB4-12330-01 

LR412331-01 

LC41232 7 - 02 

LC412 332 - 02 

LF412 3 3 5 
LC412 334-09 

LD412333-01 
LC4-12328-03 

LC412334-10 
LD4-12333-02 

LC4I.2336-01 
LC412 32 8 - 03 

Detector Installation D3A 

Detector Assembly D3A 

Detector Subassembly D3A 

Core/Backup Sheet 
Fill Tube Assembly 
Tube 
Target Sheet Assembly 
Target Sheet 
Fitting Filler Tube 
Clip, Wire Cover 
Sleeve, Protective 
Switch, Pressure Actuated 
Cover, Pressure Switch 
Adapter, Pressure Switch 
Spacer, Switch Cover 
Cap, Wire Cover 
Cover, Fill Tube 
Mounting Hole Pattern 
Angle Assembly 
,Angle, Detector Support 
Doubler 
Angle Assembly 
Angle, Detector Support 
Doubler 
Bolt - Hard Point 
Mounting Hole Pattern 
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Detector Installation E1A 

Detector Assembly E1A 

Detector Subassembly E1A 

Target Sheet 
Fill Tube Assembly 
Tube 
Target Sheet Assembly 
Target Sheet 
Fitting, Filler Tube 
Switch, Pressure Actuated 
Sleeve, Protective 
Clip, Wire Cover 
Cover, Pressure Switch 
Adapter, Pressure Switch 
Spacer, Switch Cover 
Cover, Fill Tube 
Cap, Wire Cover 
Mounting Hole Pattern 
Angle Assembly 
Angle, Detector Support 
Doubler 
Angle Assembly 
Angle, Detector Support 
Doubler 
Bolt, Hard Point 
Mounting Hole Pattern 

3 2 4  



APPENDIX B 

DETECTOR DESIGNATION E3A 

LC412356-01 

LC412 32 5-01 
LA412.417-003 
LC41232 6 -01 

LC412329 -02 
LB4-12330-01 
LC412 327 - 03 
LC412332-03 

LC412324-03 

LB412331-01 

LD412333-01 
LC412328-03 

LD4-12333-02 

LC4-12336-01 
LC412 328-0 3 

Detector Installation E3A 

Detector Assembly E3A 

Detector Subassembly E3A 

Backup Sheet 
Fill Tube Assembly 
Tube 
Target Sheet Assembly E3A 
Target Sheet 
Fitting, Filler Tube 
Switch, Pressure Actuated 
Sleeve, Protective 
Cover, Pressure Switch 
Adapter, Pressure Switch 
Spacer, Switch Cover 
Clip, Wire Cover 
Cap, Wire Cover 
Cover, Fill Tube 
Mounting Hole Pattern 
Angle Assembly 
Angle, Detector Support 
Doubler 
Angle Assembly 
Angle, Detector Support 
Doubler 
B o l t  - Hard Point  
Mounting Hole Pattern 
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BUMPER PANEL DESIGNATION F1A 

LC412401-09 
LD412385-02 
LC412400-01 

LA412417-003 
LC412411-30 

LC412390-01 
LB-4-12409-02 
LC4-12379-01 
LB412408-01 

LD4124-06-01 
LB4-12402-01 
LB4-12405-01 
LC~I-2396-01 
LC~I-2396-02 
LC41232 9-02 

Panel Installation F1A 

Panel Assembly F1A 

Panel Subassembly P1A 

Target Sheet Assembly F1A 
Core Sheet 
Target Sheet 
Fitting, Filler Tube 
Target Sheet 
Backup Plate 
Fill Tube Assembly 
Tub e 
Reinforcing Plate, Filler Tube 
Bumper Support Assembly 
Angle Support - '  Bumper 
Angle Support - Bumper 
Plate - Bumper Support 
Bumper Support Assembly 
Bracket, Bumper Support 
Bumper, Support Channel 
Switch Support Assembly 
Switch Cup Assembly 
Switch, Pressure Actuated 
Switch Cup Subassembly 
Cup, Switch 
Clip, Switch Support 
Tube, Interconnect 
Fill Tube 

Bracket, Switch Support 
Tube, Wire Cover 
Tube, Protective Sleeve 
Support, Bumper 
Support, Bumper 
Adapter, Pressure Switch 
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BUMPER PANEL DESIGNATION F1A CONT'D, 

LBLc12330-01 Spacer, Switch Cover 
LC412407-01 Target Sheet Shield 
LC412392-03 Cover, Pressure Switch 

LC412315-01 Sleeve, Pressure Tube 
LC412415-01 Splice Strap 
LC412415-02 Splice Strap 

LC412324-01 Cover, Pressure Switch (M/F) 

LF412399 
LF4-12404-09 

LD412380-10 
LD412383-02 
LE!!-12410-01 
LB412414-01 

LD412381-20 
LD412382-02 
LM-12384-01 
LB412403 -01 
LB412388-01 
LB4I.2 388 - 02 
LB412 38 7 - 01 
LB412387-02 

LB412391-09 
LB412386-01 

LB412391-10 
LB-412386-02 

La12 3 98- 09 
LD412397-01 
LC4-12323-02 

LC412398-10 
LD412397-02 

LC4-12412-01 
LC4124-13-01 
LC4124-16-01 

LC-412323-01 

LF412399 

Mounting Hole Pattern 
Bumper Installation 
Bumper Sheet Assembly 
Bumper Sheet 
St iff ener 
Stiffener 
Bumper Sheet Assembly 
Bumper Sheet 
Stiffener 
S t i f f  ener 
Spring Retainer - Bumper 
Spring Retainer - Bumper 
Spring - Bumper 
Spring - Bumper 
Clevis Assembly 
Clevis, Bumper 
Clevis Assembly 
Clevis, Bumper 
Angle Assembly 
Panel Support Angles 
Doubler 
A n g l G  Assembly 
Panel Support Angles 
Doubler 
Bolt - Hard Point 
Bolt - Special 
Bolt - Hard Point 
Mounting Hole Pattern 
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8280-00002 Special Handling and Storage LA412300 
Requirements Specification - 
MPDD Program 

8280-.00003 Leakage Control Specification LA412301 
- MPDD Program 

82 80-00004 Cleaning, Contamination, and LA412302 
Material Surface Treatment 
Specification - MPDD Program 

8280-00005 Weld and Braze Process Con- LA412303 
t r o l  Specification - MPDD 
Program 

8280-00009 Parts L i s t  and Instructions, LA412304 
Pack and Ship - MPDD Program 

8280-00010 Helium Fill and Fill Tube LA412305 
Pinch Off Specification - 
MPDD Program 

8280-00011 Pressure Expansion Criteria LA412306 
Specification - MPDD Program 
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8280-04000, Sh 1 
8280-04051, Sh 1 
8280-04051, Sh 2 
8280-04052, Sh 1 
8280-04053, Sh 1 
8280-04054, Sh 1 
8280-04055, Sh 1 
8280-04060, Sh 1 
8280-04061, Sh 1 
8280-04062, Sh 1 

Panel Installation - B1A 
Detector Panel Assembly - B1A 
Panel Subassembly - B1A 
Target Sheet Assembly - B1A 
Target Sheet - B1A 
Target Sheet - B1A 
Backup Plate - B1A 
Switch Support Assembly 
Sleeve, Pressure Tube 
Reinforcing Plate, Filler Tube 

8280-07000 Panel Installation - C1 
.8280-07061, Sh 1 Subassembly, Welded - C1 
8280-07061, Sh 2 Detector Panel Assembly - C1 
8280-07062 Target Sheet - C1 
8280-07063 Target Sheet - C1 
8280-07064 
8280-07074 Doub 1 er 

Target Sheet Assembly - C l  

8280-10054 

8280-10057 
8280-10059 
8280-10061 

8280-10056 

8280 -10063 
8280-10064 
8280-10065 
828040066 
8280 -10067 
828040068 
8280-10069 

8280-10072 

8280-13000 9 

8280-13000, 
8280-13001, 

8280-13001, 
8280-13002, 
8280-13003, 
8280-13004, 
8280 - 1300 6 , 

8280-13001, 

Cover, Pressure Switch 
Fitting, Filler Tube 
Sleeve, Protective 
Clip, Wire Cover 
Doubler 
Adapter, Pressure Switch 
Spacer - Switch Cover 
Cover, Fill Tube 
Cap, Wire Cover 
Angle, Detector Support 
Angle Assembly 
Mounting Hole Pattern, 
Large Detector 

Bold - Hard Point 

Sh 1 Detector Installation - D2A 
Sh 2 
Sh 1 Detector Assembly - D2A 
Sh 2 Subassembly, Welded - D2A 
Sh 3 
Sh 1 Target Sheet - D2A 
Sh 1 Target Sheet - D2A 
Sh 1 Target Sheet Assembly - D2A 
Sh 1 Target Sheet Assembly - D2A 

LE412307 
LF412308 
LF412309 
LF412 3 10 
LF412 31 1 
LF412 3 12 
LF412313 
LF412314 
LC412315 
LB412316 

LE412 3 17 
LF4-12318 
LF412 3 19 
LF412320 
LF412321 
LD412322 
LC412323 

~ ~ 4 1 2  33 6 
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8280-16000, 

8280-16051, 
8280-16051, 
8280-16051, 
8280-16052, 

8280-16000 

8280-16054, 
8280-16055, 

Sh 1 Detector Installation - D3A 
Sh 2 
Sh 1 Detector Assembly - D3A 
Sh 2 Subassembly, Welded - D3A 
Sh 3 
Sh 1 Core/Backup Sheet 
Sh 1 Target Sheet - D3A 
Sh 1 Target Sheet Assembly - D3A 

8280-19000, Sh 1 Detector Installation - E1A 

8280-19005, Sh 1 Fill Tube Assembly 

8280-19051, Sh 2 Subassembly, Welded - E1A 
8280-19052, Sh 1 Target Sheet - E1A 
8280-19053, Sh 1 Target Sheet - E1A 
8280-19054, Sh 1 Target Sheet Assembly - E1A 

8280-19000, Sh 2 

* 8280-19051, Sh 1 Detector Assembly - E1A 

8280-190513 Sh 3 

8280-25000, Sh 1 Detector Installation - E3A 
8280-25000, Sh 2 
8280-25001, Sh 1 Detector Assembly - E3A 
8280-25001, Sh 2 Detector Subassembly - E3A 
8280-25001, Sh 3 
8280-25002, Sh 1 Target Sheet - E3A 
8280-25003, Sh 1 Backup Sheet - E3A 
8280-25006, Sh 1 Target Sheet Assembly - E3A 

8280-28000, Sh I 
8280-28002, Sh 1 
8280-28002, Sh 3 
8280-28003, Sh 1 
8280-28002, Sh 5 
8280-28004, Sh 1 

8280-28007 
8280 -28008 
8280 -28009 

8280 -28011 
8280-28012 

8280-28005, Sh 1 

8280 -2 8010 

8280-28014 
8280-28017 

Panel Installation - F1A 
Detector Panel Assembly - F1A 
Detector Assembly - F1A 
Core Sheet - F1A 
Target Sheet - F1A 
Target Sheet - FlA 
Backup Plate - F1A 
Tube, Interconnect 
Bumper Sheet Assembly - F1A 
Bumper Sheet Assembly - F1A 
Bumper Sheet Detail - F1A 
Bumper Sheet Detail - F1A 
Stiffener - Bumper - F1A 
Bracket, Bumper Support - F1A 

LE412 3 63 
LE412364 
LF412365 
LF412 3 6 6 
LF412367 
LF412 3 68 
La412369 
LC412370 
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8280-2801 9 
8280-28020 

8280-28022 
8280-28024 

8280-28030 
8280-28033 
8280-28034 
8280-28035 
8280-28037 
8280-28038 
8280-28039 

8280-28021 

8280 -28025 

8280-28040 

8280-28041 
8280-28042 
8280-28045 
8280-28047 
8280 -2 8049 
8280-28050 
8280-28051 
8280 -28052 
8280-28053 
8280-28055 

8280-28057 
8280-28058 
8280-28059 
8280-28060 

8280-28062 

8280-28056 

8280-28061 

PD7100075 

Clevis - Bumper - F1A 
Spring - Bumper - F1A 
Spring Retainer - Bumper - F1A 
Target Sheet Assembly - F1A 
Cup, Switch 
Clevis Assembly - F1A 
Cover, Pressure Switch - F1A 
Angle Support - Bumper - FlA 
Plate - Bumper Support - F1A 
Bumper Support Assembly - F1A 
Support - Bumper - F1A 
Panel Support Angles 
Angle Assembly - Small Panel 
Mounting Hole Pattern, Small 

Bumper Support Channel - F1A 
Bumper Support Assembly - F1A 
Tube, Wire Cover 
Stiffener - Bumper - F1A 
Bumper Installation 
Tube, Protective Sleeve 
Bracket, Switch Support 
Target Sheet Shield - F1A 
Fill Tube 
Clip, Switch Support 
Stiffener - Bumper - F1A 
Switch Cup Assembly 
Bolt - Hard Point - F1A 
Bolt - Special - F1A 
Stiffener - Bumper - F1A 
Splice Strap - F1A Detector 
Bolt - Hard Point - F1A 

Mount 

Detector Panel 

Switch, Pressure Actuated 

LC4.12400 
LC412401 
LB412402 
LB412403 
LF412404 
LB412405 
LD412406 
LC412407 
LB412408 
LB412409 
LM12410 
LC412411 
LC412412 
LC412413 
LB412414 
LC4.12415 
LC412416 

LA412417 
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Pressure  Actuated Switch MRB and F a i l u r e  His tory  

A t  the  o n s e t  of t he  program two procurement sources  were 
s e l e c t e d  f o r  supplying the pressure  -ac tua ted  switch: 

1) Servonic Instrument  Incorpora ted  
Costa Mesa, C a l i f o r n i a  
P a r t  Number PD7100075-002 

2) Car le ton  Cont ro ls  Corporat ion 
East Aurora, New York 
P a r t  Number PD7100075-003 

PD7100075-002; S/N 0000114 and S/N 0000149.- 
F a i l u r e  Re  p o r t  B5093 6 
Fa i lu re  Analys is  Report 8280-1 
History:  During thermal vacuum soak of Q u a l i f i c a t i o n  Tests both 
u n i t s  leaked helium i n  excess of 1.0 x lo-’ scc/sec. The f a i l u r e  
occurred on t h e  t h i r d  day of the 15-day soak per iod while  a t  -250’F. 
The leakage w a s  i s o l a t e d  by mass spectrometer  and microscopic ex- 
amination of the  t es t  specimens. I n  both u n i t s  the  g l a s s  seals a t  
the switch te rmina l  pos t s  exh ib i t ed  m u l t i p l e  f r a c t u r e s  determined 
t o  be the  leakage source .  The s u p p l i e r ,  Servonic  Instrument  Incor -  
porated,  w a s  d i s q u a l i f i e d  as a r e s u l t  of t h i s  f a i l u r e  i n  Qual i f ica-  
t i on .  A l l  Servonic  hardware w a s  r e j e c t e d .  Engineering changes 
w e r e  issued t h a t  cance l led  and d e l e t e d  the Servonic pressure-  
ac tua t ed  switch on a l l  MPDD b u i l d  requirements.  

PD7100075-003; S / N  0000039.- 
F a i l u r e  Report B50947 
F a i l u r e  Analysis  Report 8280-2 
History:  Uni t  f a i l e d  helium l e a k  test  fol lowing dynamics t es t  of 
the  FAT sequence. 
i s o l a t e d ,  fol lowing d i s s e c t i o n ,  t o  a 3/8- in .  diameter  s e c t i o n  i n  
the c e n t e r  of the  switch diaphragm. A d e f e c t  i n  the diaphragm 
parent  m e t a l  w a s  the cause of f a i l u r e .  Ca r l e ton  Controls  w a s  n o t i -  
f i e d  of t h e  f a i l u r e  and c l o s e r  i n spec t ion  by the s u p p l i e r  w a s  i n i -  
t i a t e d  t o  arrest such d e f e c t s  a t  the  source.  The leaking  u n i t ,  S/N 
0000039, w a s  scrapped. 

The leakage exceeded 1.0 x lo-’ s cc / sec  and w a s  

PD7100075-003 ; S/N 0000044. - 
F a i l u r e  Report  I350960 
F a i l u r e  Analysis  Report 8280-3 
History:  During dynamics t e s t i n g  i n  the  FAT sequence, t h i s  u n i t  
w a s  a c c i d e n t a l l y  dropped approximately 27 i n .  onto a concre te  f l o o r .  
I n  i t s  nex t  func t iona l  tes t  the u n i t  exh ib i t ed  i n t e r m i t t e n t  elec- 
t r i c a l  readout  on switch p o i n t  number one, a t  z e r o  pressure .  The 
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damage t o  the  swi tch  case r e s u l t i n g  from the  f a l l  w a s  obvious. 
I n t e r n a l  damage t o  t h e  microswitch w a s  apparent  from the r e s u l t s  
of the  electrical  checkout.  The u n i t  w a s  scrapped. The cause of 
f a i l u r e  w a s  a t t r i b u t e d  t o  mishandling i n  test .  

PD7100075-003; S / N  0000028.- 
F a i l u r e  Report  I350962 
F a i l u r e  Analysis  Report 8280-4 
His tory :  During temperature cyc le  tes t  of the  FAT sequence the  
microswitch con tac t s  f a i l e d  t o  t r a n s f e r  on inc reas ing  pressure  from 
-25O0F. This  u n i t  w a s  d i s s e c t e d  t o  determine the  cause of f a i l u r e .  
A pumping a c t i o n  w a s  c r ea t ed  through the back pressure  p o r t  i n  t he  
switch when cyc l ing  from h o t  t o  cold temperatures.  This  permit ted 
moisture  i n  ambient a i r  t o  condense out  and f r eeze  behind the switch 
diaphragm. The ice bui ldup a f t e r  s e v e r a l  cyc le s  w a s  s u f f i c i e n t  t o  
prevent  microswitch t r a n s f e r  opera t ion .  The f i x t u r e  w a s  redesigned 
t o  i n s u l a t e  the  specimens from ambient a i r .  No subsequent f a i l u r e s  
have eve r  been experienced fol lowing the modi f ica t ion .  

PD7100075-003; S/N 000029.- 
F a i l u r e  Report B50963 
F a i l u r e  Analysis  Report 8280-4 
His tory :  
The cause of f a i l u r e  w a s  i d e n t i c a l ;  t he re fo re  the  u n i t  w a s  re turned  
t o  the  vendor,  r e inspec ted ,  r e t e s t e d  s u c c e s s f u l l y ,  and re turned  f o r  
FAT a t  Mart in  Marietta, Denver. FAT a t  Mart in  Marietta w a s  com- 
p l e t ed  s u c c e s s f u l l y .  The above rework and retest  w a s  d i r e c t e d  by 
MRB a c t i o n  on MARS 3350963. 

This  u n i t  w a s  i n  t es t  and i n  the  f i x t u r e  wi th  S / N  0000028. 

PD7100075-003; S/N 0000050. - 
F a i l u r e  Report  B50964 
F a i l u r e  Analysis  Report  8280-4 
His tory :  
w a s  t he  same  as S/N 0000028. A MRB d i s p o s i t i o n  w a s  d i r e c t e d  v i a  
MARS B50964 i d e n t i c a l  t o  t h a t  referenced f o r  S/N 0000029. The 
u n i t  passed a l l  retest  and FAT s u c c e s s f u l l y .  

This  u n i t  accompanied S / N  0000028 i n  t es t  and i t s  f a i l u r e  

PD7100075-003; S/N 0000065.- 
F a i l u r e  Report  B50938 
F a i l u r e  Analysis  Report 8280-5 
His tory :  During FAT temperature cyc l ing  tes t ,  a t  the  e i g h t h  cyc le ,  
t h i s  u n i t  f a i l e d .  F a i l u r e  w a s  due t o  p o t t i n g  material  around the  
microswitch d i s i n t e g r a t i n g  dur ing  dynamics t e s t i n g  and becoming 
lodged between the  a c t u a t i o n  a r m s  of the  microswitch when subjec ted  
t o  temperature cyc l ing .  Car le ton  Cont ro ls  acknowledged respons i -  
b i l i t y  f o r  t h i s  u n i t  f a i l u r e  and i n s t i t u t e d  a d d i t i o n a l  in-process 
c o n t r o l  t o  preclude a recur rence  of f a i l u r e .  The microswitch and 
housing w e r e  sa lvageable  ; t he re fo re ,  a MRB d i s p o s i t i o n  d i r e c t e d  t h i s  
u n i t  t o  be re turned  t o  Car le ton  Cont ro ls .  Following rework i t  w a s  
r e t e s t e d  through vendor acceptance tes t s  and FAT a t  Mart in  Marietta. 
Denver. 
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PD7100075-003; S/N 0000022.- 
F a i l u r e  Report T10061 
F a i l u r e  Analysis  Report  8280-6 
His tory :  This  u n i t  f a i l e d  the  con tac t  r e s i s t a n c e  p a r t  of the  
func t iona l  t e s t .  
r e n t  of LOO micro-amps compared t o  the  al lowable of 200 mill iohms 
a t  100 micro-amps c u r r e n t .  The f a i l u r e  could n o t  be dup l i ca t ed  
on several recheck a t tempts .  An MRB d i s p o s i t i o n  w a s  processed 
t o  r e m o v e  the  microswitches and salvage the  switch body. The 
switch body w a s  mated wi th  the  microswitch and microswitch housing 
from pressure  ac tua t ed  switch S/N 0000065. The r e b u i l t  u n i t  w a s  
r e t e s t e d  as switch S/N 0000022A, which success fu l1  completed a11 
retests  and FAT. 

A reading  of 240 milliohms w a s  ev iden t  a t  a cur -  

The i n i t i a l  f a i l u r e  of S/N 0000022 w a s  recorded as a n  unve r i f i ed  
f a i l u r e  wi th  the  malfunct ion a t t r i b u t e d  to  a malfunct ion of the 
d i g i t a l  vo l tmeter  r a t h e r  than a t r u e  switch e lec t r ica l  f a i l u r e .  
The microswitch po r t ion  of S / N  0000022 w a s  scrapped f o r  r e l i a b i l i t y  
cons ide ra t ions .  

PD7100075-003; S / N  0000159,- 
F a i l u r e  Report  B50957 
F a i l u r e  Analysis  Report 8280-8 
His tory :  This  u n i t  f a i l e d  i t s  i n i t i a l  func t iona l  tes t  on receipt 
from the  vendor.  F a i l u r e  w a s  determined t o  be the  r e s u l t  of m i s -  
i d e n t i f i e d  w i r e  l eads .  The microswitch wi r ing  w a s  retraced and 
the  leads  proper ly  i d e n t i f i e d .  The switch w a s  r epo t t ed  and r e i n -  
s t a t e d  i n  FAT. 

PD7100075-003; S / N  0000066. - 
F a i l u r e  Report B50956 
F a i l u r e  Analysis  Report - Not app l i cab le  
His tory :  This  u n i t  s u c c e s s f u l l y  completed FAT b u t  w a s  found t o  
have a damaged housing be fo re  i n s t a l l a t i o n  i n  a d e t e c t o r .  V i a  
MRB d i s p o s i t i o n ,  a func t iona l  recheck w a s  performed on the  switch 
and checked a g a i n s t  i t s  o r i g i n a l  FAT data. There w a s  no degrada- 
t i o n  i n  the  swi tch .  The microswitch s e c t i o n  was removed from 
the  damaged housing and used to  r e f u r b i s h  pressure  ac tua t ed  switch 
S/N 0000027 i n s t a l l e d  i n  d e t e c t o r  Cl, S/N 0000101. The d e t e c t o r  
a f t e r  the above rework passed FAT retest. 

PD7100075-003; S/N 0000069.- 
F a i l u r e  Report  1350953 
Failure A n a l y s i s  - Not a p p l i c a b l e  
His tory :  
test  fol lowing FAT temperature cyc le  t es t .  Ten readings  were 

Unit  f a i l e d  c o n t a c t  r e s i s t a n c e  po r t ion  of  func t iona l  
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taken with a r e s u l t a n t  average contact  res i s tance  equivalent of 
96.3 microvolts a t  100 microamps current .  The maximum allowable 
w a s  32 microvolts. NASA-LRC requested a special  test  be  run on a 
scrapped E U  de tec tor  S/N 0000103 t o  evaluate the thermal l a g  of 
the switch body i n  accelerated l i f e  cycle test. The microswitch 
sec t ion  of pressure actuated switch S/N 0000069 w a s  removed and 
the body housing welded i n t o  the E U  tes t  specimen. Thermocouples 
were attached t o  the switch and engineering personnel performed 
the thermal l a g  test  on the E U  tes t  specimen. 

PD7100075-003; S / N  0000059. - 
Failure  Report B50951 
Fai lure  Analysis - Not applicable 
History: This u n i t  exhibited high contact res is tance following 
tenperature cycling test. An average over ten readings w a s  55.5 
microvolts drop a t  100 microamps cur ren t .  The maximum allowable 
i s  32 microvolts. No f a i l u r e  analysis  w a s  performed on t h i s  u n i t  
because i t  w a s  released, as i s ,  t o  M r .  B .  B .  Brown, Jr. on November 
5 ,  1968. M r .  Brown had requested t h i s  u n i t  for  a NASA-LRC tes t  
specimen. 

PD7100075-003; S/N 0000164.- 
Fai lure  Report B50950 
Fai lure  Analysis Report - Not applicable 
History: While mounting t h i s  switch i n  the dynamics f ix ture  the 
number f i v e  wire lead w a s  damaged. The insu la t ion  w a s  nicked 
and several  w i r e  strands sheared. A technician 's  wrench slipped 
causing the w i r e  damage, V i a  MRB dispos i t ion ,  the damaged sect ion 
of w i r e  w a s  c u t  off  (approximately a 7-in. sect ion)  and the u n i t  
w a s  re instated i n  FAT. 

PD7100075-003; S/N 0000169; S/N 0000172; S/N 0000174.- 
Fai lure  Report B50696 
Fai lure  Analysis Report - Not applicable 
History: 
leads pe r  procurement spec i f ica t ion .  V i a  MRB d i spos i t ian  a wrap- 
around plast ic  marker w a s  p e r m i t t e d  for  wire i d e n t i f i c a t i o n .  A l s o ,  
a hea t  shrinkable plast ic  sleeve w a s  added t o  cover nicked wire 
insu la t ion .  

Vendor did not  provide proper i d e n t i f i c a t i o n  on w i r e  

PD7100075-003; S/N 0000169; S/N 0000172; S/N 0000174.- 
Fai lure  Report B50949 
Fai lure  Analysis Report - Not applicable 
History: This f a i l u r e  repor t  w a s  cancelled. The Martin Marietta 
inspector overlooked vendor MRB request s t a t e d  i n  the previous 
paragraph and therefore re jected the subject  switches for  the 
same  reason s t a t e d  there .  (Failure Report B50949 w a s  cancelled .) 
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PD7100075-003; S/N 0000151 t h r u  S/N 0000162.- 
F a i l u r e  R e p o r t  B50694 
F a i l u r e  Analysis R e p o r t  - Not a p p l i c a b l e  
H i s t o r y :  Vendor cou ld  n o t  p rocure  p r o  w i r e  l e a d  marker i d e n t i -  
f i c a t i o n  material. MRB d i s p o s i t i o n  pe t t e d  s i n g l e  p l a s t i c  w i r e  
l e a k  marker f o r  t h e  s u b j e c t  u n i t s .  

PD7100075-003; S/N 0000179; S/N 0000180; S/N 0000182; S/N 0000183.- 
F a i l u r e  R e p o r t  B55668 
F a i l u r e  A n a l y s i s  Repor t  - Not a p p l i c a b l e  
H i s t o r y :  Vendor c o u l d  n o t  p rocure  p r o p e r  w i r e  l e a d  marker i d e n t i -  
f i c a t i o n  m a t e r i a l .  MRB d i s p o s i t i o n  p e r m i t t e d  s i r , g l e  p l a s t i c  w i r e  
l e a d  marker  f o r  t h e  s u b j e c t  u n i t s .  

PD7100075-003; S/N 0000175.- 
F a i l u r e  Repor t  B55669 
F a i l u r e  A n a l y s i s  R e p o r t  - Not a p p l i c a b l e  
H i s t o r y :  Vendor r e q u e s t e d  MRB d i s p o s i t i o n  f o r  same c o n d i t i o n  
s t a t e d  i n  two p r e v i o u s  pa rag raphs .  Th i s  w a s  t h e  f i n a l  u n i t  
purchased under  the i n i t i a l  purchase agreement .  

PD7100075-003; S/N 0000183 .- 
F a i l u r e  Report  B66496 
F a i l u r e  A n a l y s i s  Repor t  8280-30 
H i s t o r y :  During ALC T e s t i n g  a t  t h e  3000th c y c l e  check p o i n t ,  
t h e  s w i t c h  f a i l e d  t o  t r a n s f e r  when backpres su re  was a p p l i e d  t o  
v e r i f y  s w i t c h  t r i p  p o i n t s .  Upon v i s u a l  examina t ion  t h e  s w i t c h  
v e n t - p o r t  f i l t e r  was found t o  be b locked .  The swi t ch  was r e -  
moved from i t s  h o l d e r ,  t h e  blocked v e n t  f i l t e r  was removed and 
t h e  swi t ch  was r eas sembled .  I n  subsequent  b a c k p r e s s u r e  checks  
a t  3000-cycle  i n t e r v a l s ,  t h e  low-pres su re  s e t t i n g  was below 
s p e c i f i c a t i o n  minimum o f  3 .5  p s i g .  A g l y c e r i n  f i L m  contamina- 
t i o n  coupled w i t h  p o s s i b l e  m a r g i n a l  r eas sembly  ( ad jus tmen t  screw- 
i n  dep th )  was s u s p e c t e d  a s  t h e  cause  f o r  t h e  below s p e c i f i c a t i o n  
r e a d o u t  on p r e s s u r e  s e t  p o i n t s .  Af t e r  2 1  344 c y c l e s ,  t h e  s w i t c h  
was c l e a n e d  t o  remove a l l  g l y c e r i n  c o n t a m i n a t e s  and r eas sembled .  
The r e a d i n g s  were improved; however,, t h e  low p o i n t  w a s  s t i l l  0 . 3  
p s i g  below s p e c i f i c a t i o n .  A t  t h i s  p o i n t ,  e x p e r i m e n t a t i o n  on the  
sc rew- in  d e p t h  was accomplished.  The p r e s s u r e  s e t t i n g s  were 
b rough t  t o  w i t h i n  s p e c i f i c a t i o n  r e q u i r e m e n t s  by ad jus tmen t  o f  
t h e  sc rew- in  d e p t h .  Misadjustment  on r e i n s t a l l a t i o n  o f  t h e  
s w i t c h  f o l l o w i n g  i t s  i n i t i a l  d i s a s s e m b l y  and a f t e r  c l e a n i n g  a t  
t h e  2 1  344 c y c l e  p o i n t  was de te rmined  a s  t h e  cause  of  l o w  p r e s -  
su re  r e a d o u t  d u r i n g  f u n c t i o n a l  c h e c k s .  
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Summary of Switch Funct ional  Parameters 

To o b t a i n  a t rend of switch func t iona l  parameters response 
t o  the  induced environments, s t a t i s t i c a l  ana lyses  were made. I n  
both cases (pressure  t r a n s f e r  po in t  and c o n t a c t  r e s i s t a n c e )  the 
mean does n g t  change as much as the s tandard  dev ia t ion ,  and then 
t h i s  change only occurs on the  normally c losed  (open wi th  p r e s -  
s u r e  app l i ed )  se t s  of con tac t s .  The most no tab le  change occurred 
a f t e r  the thermal vacuum soak t e s t .  Without a thorough examina- 
t i o n  vf the switch c o n t a c t s ,  no p o s i t i v e  reason can be set  f o r t h .  
However, the  measurements of con tac t  r e s i s t a n c e  react i n  much the 
same manner as previous cases where the con tac t s  were d i r t y .  The 
most probable cause i s  assumed t o  be fo re ign  matter on the  open 
se t  of con tac t s .  The only  source of t h i s  matter must be the i n e r t  
f i l l  gas used t o  seal  the microswitches.  The s h i f t  i n  pressure  
po in t  measurements can a l s o  be blamed on contamination of the 
b i a s i n g  mechanism from fore ign  m a t e r i a l  e n t e r i n g  the upper switch 
body through the ven t  p o r t .  It could a l s o  be caused by temporary 
( seve ra l  days) o r  permanent change i n  the B e l l e v i l l e  sp r ing  char -  
acter is t ics .  This a n a l y s i s  was b r i e f  i n  an  a t tempt  t o  a s c e r t a i n  
i f  the  induced environments produced any t rend i n  func t iona l  p a r -  
ameters. The conclusions are suppos i t i ona l  and would r equ i r e  a 
thorough tes t  and a n a l y s i s  program t o  v e r i f y  them. 

Pressure t r a n s f e r  po in t .  - Using the  pressure  switch d a t a  
gathered dur ing  q u a l i f i c a t i o n  t e s t i n g  of the MPDD d e t e c t o r s /  
pane ls ,  a s t a t i s t i c a l  s tudy  was made t o  determine i f  any change 
i n  the switch po in t  pressures  occurred between i n i t i a l  readings 
and readings a f t e r  thermal vacuum soak. Based on the 20 u n i t s  
t e s t e d  the re  were no s i g n i f i c a n t  d i f f e r e n c e s  i n  the measurements 
of the means and s tandard dev ia t ions .  The r e s u l t s  are shown i n  
the fol lowing t abu la t ion .  

S td  Dev I I 

A f t e r  T/V soak 
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I n i t i a l  readings 

at 0 p s i  at 0 p s i  a t  10 p s i  at 10 p s i  
C 0.5 A + 100 uA + 0.5 A + 100 uA 

43.0 mv 8.3 uv 42.5 mv 8.2 uv 

2.3 mv 2.2 uv 1.9 mv 1.9 uv 

- 
X 

(Mean) 

S 
S t d  Dev 

After  T/V soak 

a t  0 p s i  a t  0 p s i  a t  10 p s i  a t  10 p s i  
+ 0.5 A + 100 uA + 0.5 A + 100 uA 

52.8 mv 11.2 UV 42.1 mv 8.9 uv 

5.0 uv 2.4 mv 1.3 uv 18.7 mv 

Contact  r e s i s t a n c e  .- Using the summary of switch c o n t a c t  
r e s i s t a n c e  measurements, a s t a t i s t i c a l  s tudy  w a s  made t o  d e t e r -  
mine i f  any change i n  the  c o n t a c t  r e s i s t a n c e  occurred between 
the  i n i t i a l  read ings  and readings a f t e r  thermal vacuum soak. 
Based on the  d a t a  from the 20 u n i t s  t e s t e d  ( t a b l e  23) t he re  w e r e  
changes i n  the open con tac t  s e t  means and s tandard  dev ia t ions .  
N o  s i g n i f i c a n t  d i f f e r e n c e  w a s  no t iced  i n  the  means and s tandard  
dev ia t ions  of  the c losed  c o n t a c t  sets. The r e s u l t s  are shown 
i n  the  fol lowing t abu la t ion .  
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B1A Detec tor  Panel F a i l u r e  Reports 

8280-04000; S/N 0000105.- 
F a i l u r e  Report  B42082 
F a i l u r e  Analysis  Report 8280-13 
His tory :  During FAT thermal cyc l ing  test a no-go signal w a s  
received on the  console  f o r  switch S/N 0000155 while  a t  -20°F t o  
-40OF. 
I n i t i a l l y ,  an  i n c o r r e c t  wi r ing  cond i t ion  led t o  the  no-go s i g n a l s  
and w a s  co r rec t ed .  The no-go s i g n a l s  aga in  were received a t  va r -  
ious po in t s  i n  the cold cyc le .  The f a i l u r e  w a s  caused by low 
helium p r e s s u r i z a t i o n  i n  the specimen brought about  by i n s u f f i -  
c i e n t  soak t i m e  t o  a l low the  pressure  t o  s t a b i l i z e  before  pinch 
o f f .  The helium f i l l  procedure w a s  changed t o  a l low the  panel 
pressure  t o  s t a b i l i z e  and t e s t i n g  was resumed v i a  MRB d i s p o s i t i o n  
a c t i o n .  The same cond i t ion  occurred f o r  BlA, S/N 0000101, S/N 
0000102 and S/N 0000104. The f a i l u r e  i n v e s t i g a t i o n  w a s  performed 
t o  cover a l l  four  u n i t s  s i n c e  S / N  0000105 and S/N 0000102 r an  
toge the r  i n  the f i x t u r e  and S/N 0000101 and S/N 0000104 w e r e  to -  
ge ther  i n  the f i x t u r e .  

A go cond i t ion  w a s  i nd ica t ed  throughout the warming cyc le .  

8280-04000; S/N 0000102.- 
F a i l u r e  Report B42084 
F a i l u r e  Analysis  Report 8280-13 
His tory :  
on switch S/N 0000053. Kefer t o  S/N 0000105 above f o r  f a i l u r e  
a n a l y s i s  information and MRB d i s p o s i t i o n .  

No-go s i g n a l  dur ing  cold cyc le  s ide  a t  -2OOF t o  -40°F 

8280-04000; S /N  0000101.- 
F a i l u r e  Report B42083 
F a i l u r e  Analysis  Report 8280-13 
His tory :  No-go s i g n a l  dur ing  cold cyc le  on switch S/N 0000075. 
Refer t o  S/N 0000105 above f o r  f a i l u r e  a n a l y s i s  information and 
MRB d i s p o s i t i o n .  

8280-04000; S/N 0000104.- 
F a i l u r e  Report B42085 
F a i l u r e  Analysis  Report 8280 - 13 
His tory :  No-go s i g n a l  dur ing  cold cyc le  on switch S/N 0000060. 
Refer  t o  S / N  0000105 above f o r  f a i l u r e  a n a l y s i s  information 
and MRB d i s p o s i t i o n .  

8280-04000; S/N 0000105. - 
F a i l u r e  Report B42100 
F a i l u r e  Analysis  Report 8280-15 
H i s  to ry :  No-go s i g n a l  occurred during FAT temperature cyc le  t e s t  
on switch S/N 0000155. 
p o t t i n g  compound t h a t  prevented a back pressure  check of the panel 

The switch v e n t  p o r t  w a s  clogged wi th  
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p r e s s u r i z a t i o n  l e v e l .  V i a  MRB d i s p o s i t i o n  the v e n t  p o r t  w a s  
c a r e f u l l y  reamed ou t  t o  clear the obs t ruc t ion ;  the u n i t  w a s  re- 
pressur ized  and rechecked v i a  the  ven t  p o r t  and r e i n s t a t e d  i n  
FAT temperature cyc le  t e s t  . 
8280-04000; S/N 0000102.- 
F a i l u r e  Report  B65067 
F a i l u r e  Analysis  Report 8280-21 
His tory :  During ALC t e s t i n g  a t  cyc le  4670 the panel s i g n a l l e d  
a loss of  pressure  on switch S/N 0000053 s i d e  of the d e t e c t o r .  
F a i l u r e  a n a l y s i s  determined the cause of f a i l u r e  as a c y c l i c  
f a t i g u e  r e s u l t i n g  i n  a c rack  i n  the t a r g e t  area parent  m e t a l  
(8280-04053-01). The c rack  w a s  0.10-in.  long,  or ien ted  p a r a l l e l  
t o  the  length  of the  panel .  It w a s  6.25-in.  up from the 45O 
corner  c u t o f f .  A high bending stress w a s  induced i n  the panel 
as a r e s u l t  of the clamping technique employed t o  mount the panel 
i n  the ALC f i x t u r e .  The mounts were redesigned.  V i a  MRB a c t i o n  
both switch assemblies  i n  t h i s  u n i t  were salvaged and used i n  a 
new bu i ld  e f f o r t  t o  r ep lace  S/N 0000102. BLA, S/N 0000107 (new 
b u i l d )  used the switch assemblies  S/N 0000053 and S/N 0000056 
from the  scrapped BLA, S/N 0000102. B l A ,  S/N 0000105 replaced 
B I A ,  S/N 0000102 as ALC t e s t  specimen. 

8280-04000; S/N 0000103.- 
F a i l u r e  Report B65064 
F a i l u r e  Analysis  Report 8280-19 
His tory :  This  u n i t  leaked fol lowing the a c o u s t i c  q u a l i f i c a t i o n  
tes t  a t  switch S/N 0000058. The f a i l u r e  a n a l y s i s  determined the 
l eak  source t o  be a c i r cumfe ren t i a l  c rack  i n  the parent  m e t a l  of 
the  switch cup. The crack began a t  the brazed j o i n t  of the switch 
cup and gas tube.  It w a s  approximately 0.20-in.  long and d i r e c t l y  
i n  the  switch cup forming r ad ius .  The panel  w a s  salvaged v i a  MRB 
a c t i o n  coordinated between NASA-LRC and Mart in  Marietta Engineer- 
ing.  
replaced wi th  switch assembly S/N 0000179, which i n  turn  w a s  modi- 
f i e d  t o  incorpora te  a s o f t ,  s e rpen t ine  des ign  gas t r a n s f e r  tube.  
This  modi f ica t ion  w a s  d i r e c t e d  by des ign  and f a b r i c a t i o n  parame- 
ters set  up on MRB MARS supplemental  d a t a  shee t s  1 th ru  4 .  This  
modi f ica t ion  has  been r e f e r r e d  t o  as Modif icat ion 1 i n  a l l  l i a i s o n  
c o n t a c t  wi th  NASA-LRC and Martin Marietta Engineering. 
NOTE: The modi f ica t ion  survived a l l  q u a l i f i c a t i o n  retests d i -  
r ec t ed  as a r e s u l t - o f  the MRB a c t i o n ,  
f o r  the  f i n a l  a c t i o n  on t h i s  panel .  Following the incorpora t ion  
of  Modif ica t ion  1 on switch S/N 0000179 t h i s  panel  assembly w a s  
ass igned S/N 0000103A. 

The d e f e c t i v e  switch assembly S/N 0000058 w a s  removed and 

Kefer t o  the next  paragraph 
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8280-04000; S/N 0000103A. - 
F a i l u r e  Report B66038 
F a i l u r e  Analysis  Report 8280-25 
His tory :  During Q u a l i f i c a t i o n  a c o u s t i c s  retest d i r e c t e d  as a 
resul t  of Modif ica t ion  1 (Refer t:, preceding paragraph) ,  a loss  
of pressure  w a s  experienced on switch S/N 0000071 s i d e  of the  
panel.  The l e a k  w a s  pinpointed under the  base of f i l l  tube 
f i t t i n g  (8280-10056-01). F a i l u r e  a n a l y s i s  revealed the  pressure  
loss t o  be caused by f r a c t u r e  extending a long  the per iphery  of 
the  ringweld i n  the f i t t i n g  t o  t a r g e t  s h e e t .  Excessive f a t i g u e  
bending w a s  ev iden t  from the  d i s c o l o r a t i o n  of  the  metal a long  
the f r a c t u r e ,  induced by f r i c t i o n a l  hea t .  Oxidat ion w a s  on ly  
ev iden t  on the  ou t s ide  s u r f a c e  of the m e t a l .  The inne r  su r face ,  
blanketed by helium, w a s  n o t  d i sco lo red ;  t he re fo re ,  i t  w a s  con- 
cluded t h a t  f r i c t i o n a l  h e a t  i n  a c o u s t i c s  t e s t i n g  induced the  
f a i l u r e .  This switch,  S/N 0000071 had the  o r i g i n a l  conf igu ra t ion  
gas t r a n s f e r  tube and had seen two complete Q u a l i f i c a t i o n  T e s t  ' 

sequences,  except  f o r  a f i n a l  l e a k  and func t iona l  tes t .  The 
swi tch ,  S/N 0000071 d e t e c t o r  h a l f  was considered q u a l i f i e d  a f t e r  
the  f i r s t  tes t  sequence. The switch wi th  the  modified tube,  S/N 
0000179, survived a l l  Q u a l i f i c a t i o n  t e s t i n g .  

8280-04000; S/N 0000104.- 
F a i l u r e  Report B69832 
F a i l u r e  Analysis  Report 8280-29 
His tory :  Upon completion of 2 1  344 cyc le s  i n  ALC the  no. 2 s e t  
of con tac t s  (wire  leads  4 ,  5 ,  and 6 )  on which S/N 0000060 f a i l e d  
t o  t r a n s f e r  on both inc rease  and decrease pressure  a p p l i c a t i o n s .  
Because the re  a r e  dual  microswitch i n s t a l l a t i o n s  i n  the pressure-  
ac tua t ed  switch,  t h i s  phenomenon represented  a p a r t i a l  f a i l u r e  of 
switch S / N  0000060. Under v i s u a l  i n spec t ion  the switch f a i l e d  t o  
d i s c l o s e  any evidence of damage. The microswitch holder  was r e -  
moved and examined v i s u a l l y .  Again, no damage was ev iden t ,  
e i t h e r  i n  the switch o r  i n  the  B e l l e v i l l e  sp r ing  assembly. Upon 
r e i n s t a l l a t i o n ,  the switch funct ioned proper ly  when subjected t o  
a complete func t iona l  ( e l e c t r i c a l  and mechanical recheck) t e s t .  
The microswitches were removed, cu t  open and examined under a 
microscope. They appeared i n  good condi t ion  and nothing w a s  
ev ident  i n s i d e  the  switch capable of  causing a malfunct ion.  It 
was concluded t h a t  the  i n i t i a l  malfunct ion was a t t r i b u t e d  t o  pos- 
s i b l e  marginal i n s t a l l a t i o n  on the  screw-in depth of the  micro- 
switch ho lde r .  A s  s t a t e d ,  upon r e i n s t a l l a t i o n ,  t he  switch func- 
t ioned  proper ly .  This  f a i l u r e ,  t he re fo re ,  i s  considered a random, 
unve r i f i ed  f a i l u r e .  
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61 Detector  Panel F a i l u r e  Reports 

8280-07061-29; S / N  0000101.- 
F a i l u r e  Report  B50941 
F a i l u r e  Analysis  Report  8280-7 
His tory :  Following FAT dynamics t e s t i n g ,  switch S/N 0000027 
exh ib i t ed  a c o n t a c t  r e s i s t a n c e  equ iva len t  t o  vo l t age  drop of 
268.8 microvol t s  a t  100 microamps c u r r e n t .  
i s  32 microvol t s .  
a c t u a t i o n  arm i n  . the  microswitch s e c t i o n  of t he  switch assenbly .  
Poor c o n t a c t  on the normally closed set  of switch po in t s  caused 
the  h igh  c o n t a c t  r e s i s t a n c e .  V i a  MRB a c t i o n  the e lec t r ica l  sec- 
t i o n  of switch S/N 0000066 w a s  salvaged fol lowing a retest f o r  
i n t e g r i t y  and w a s  i n s t a l l e d  i n  C 1 ,  S/N 0000101. Following the  
rework of switch S/N 0000027 the u n i t  w a s  des igna ted  S/N 0000027A 
and the C 1 ,  S/N 0000101 w a s  r e i n s t a t e d  i n  FAT, 
a l l  FAT t e s t i n g .  

S p e c i f i c a t i o n  maximum 
F a i l u r e  ana lyses  d i sc losed  a misal igned warped 

The u n i t  passed 

8280-07061-20; S/N 0000102.- 
F a i l u r e  Report B50970 
F a i l u r e  Analysis  Report 8280-9 
His tory :  Panel leaked a t  a rate of 3 . 3  x 
F a i l u r e  a n a l y s i s  d i sc losed  leakage a t  both f i l l  tube f i t t i n g  
ringwelds on the pane l ,  Defect ive ringwelds are n o t  reparable  
once the spotwelds have been made. This u n i t  w a s  scrapped. A 
replacement panel  S/N 0000107 w a s  f ab r i ca t ed  t o  rep lace  the  
scrapped u n i t .  Poor workmanship w a s  a t t r i b u t e d  as cause of r ing -  
weld f a i l u r e .  

scc /sec  i n  vacuum. 

D2A Detector  F a i l u r e  Reports 

8280-13000; S/N 0000101.- 
F a i l u r e  Report B50966 
F a i l u r e  Analysis  - Not app l i cab le  
Hi s to ry :  This  u n i t  exh ib i t ed  a n  excess ive  l eak  a t  a test con- 
d i t i o n  of 6.9 x t o r r  dur ing  RGA tes t  of FAT. The u n i t  w a s  
removed from the chamber and the  l eak  loca ted  i n  the fus ion  weld 
a t  t h e  end of the  f i l l  tube f i t t i n g ,  V i a  MRB a c t i o n  the weld 
w a s  ground and rewelded. The u n i t  was r e i n s t a t e d  i n  RGA and 
success fu l ly  completed the FAT sequence. 
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8280-13000; S/N 0000103. - 
F a i l u r e  Report B66040 
F a i l u r e  Analysis  - Not a p p l i c a b l e  
His tory :  A f t e r  completion of FAT, fol lowing the f i n a l  helium 
p r e s s u r i z a t i o n ,  t h i s  u n i t  w a s  found t o  be l eak ing  a t  the f i l l  
tube end. Severa l  a t tempts  were made a t  rewelding b u t  the  l eak  
p e r s i s t e d .  V i a  MRB a c t i o n  the  f i l l  tube f i t t i n g  w a s  c u t  o f f  
approximately 1/32-in.  below the fus ion  weld; a .083-in. diameter 
tube w a s  brazed i n t o  the e x i s t i n g  f i l l  tube;  the  u n i t  w a s  r ep res -  
su r i zed ,  pinched-off,  and end brazed i n  l i e u  of welding. The 
r e p a i r  w a s  success fu l .  The f i n a l  l e a k  rate w a s  2.09 x scc /  
sec i n  a vacuum of 4.5 x loF6 t o r r .  The leakage permissable per  
s p e c i f i c a t i o n  i s  1.6 x 10-7 scc/sec a t  a vacuum of 1 x lom5 t o r r  
o r  more. The u n i t  w a s  prepared f o r  d e l i v e r y  fol lowing t h i s  MRB 
a c t i o n .  

D3A Detec tor  F a i l u r e  Reports 

8280-16000; S/N 0000102.- 
F a i l u r e  Report  B66037 
F a i l u r e  Analysis  Report 8280-22 
His tory :  During ALC t e s t i n g  a t  cyc le  14 346 a loss of pressure  
s i g n a l  was  received a t  the test  console .  F a i l u r e  a n a l y s i s  of 
t he  t es t  specimen d i sc losed  a cracked spotweld i n  the  0.016-in. 
backup s h e e t  (8280-16052-01). The c rack  w a s  found t o  have ter-  
minat ions a t  the  i n t e r s e c t i o n  of crease i n  the backup s h e e t  and 
the  spotweld boundary. Severa l  o the r  s l i g h t l y  creased (c r ipp led)  
areas were ev iden t  i n  the  panel .  F a i l u r e  w a s  caused by bending 
stress induced c r i p p l i n g  a long  the 40.0-in.  dimension. This 
c r i p p l i n g  w a s  a t t r i b u t e d  t o  the clamping technique employed t o  
mount the  d e t e c t o r  on the ALC f i x t u r e .  A redes ign  w a s  made and 
incorporated i n t o  all f i x t u r e s  housing the 40.0x49.0-in. de t ec -  
t o r s .  V i a  MRB d i s p o s i t i o n  the c rack  w a s  brazed t o  prevent  growth 
and the  specimen r e i n s t a t e d  i n  ALC t e s t i n g .  This  MRB a c t i o n  w a s  
coordinated wi th  NASA-LRC before  implementation on the specimen. 

8280-16000; S/N 0000102 .- 
F a i l u r e  Report I366833 
F a i l u r e  Analysis  Report 8280-28 
His tory :  Upon completion o f  2 1  344 cycles  of ALC t e s t ,  the  de- 
t e c t o r  exhib i ted  a low pressure  during the  r o u t i n e  backpressure 
check. The d e t e c t o r  i n t e r n a l  pressure  ind ica t ed  s l i g h t l y  l e s s  
than 8 p s i  lower than i t s  ambient 35.5 ps i a  p r e s s u r i z a t i o n  l e v e l .  
The poin t  o f  f a i l u r e  was i s o l a t e d  t o  a s i n g l e  spotweld loca ted  
roughly near the cen te r  of the f i r s t  row of spotwelds ad jacen t  
t o  t h e  e l e c t r i c  bus b a r .  The f a i l u r e  was v i r t u a l l y  a t  the same 
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l o c a t i o n  as  the previous f a i l u r e  on t h i s  d e t e c t o r  ( r e fe rence  pre- 
ceding f a i l u r e  a n a l y s i s  r e p o r t  8280-22), but  on i t s  oppos i te  edge. 
This specimen had previous ly  been r i g i d l y  clamped, and a s  s t a t e d  
i n  the  preceding f a i l u r e  r e p o r t ,  s e v e r a l  c r i p p l e d  a r e a s  w e r e  
ev ident  a t  t h e  14 346th cyc le  po in t  i n  ALC. A t  t h i s  po in t ,  the  
clamping technique was redesigned.  It i s  concluded t h a t  the f a i l -  
u re  was caused v i a  the  i n i t i a l  clamping method and i t s  cont r ibu-  
t i o n  t o  c r i p p l i n g  the  d e t e c t o r .  The subsequent cyc l ing  from 
14.346 t o  21 344 induced t h e  f a t i g u e  f a i l u r e .  The spotweld leak  
i s o l a t i o n  was determined by vacuum chamber check t o  confirm the 
presence of a l e a k  and was then i s o l a t e d  by CEC mass spectrom- 
e t e r  t o  the  a forenoted  spotweld.  

ElA Detector  F a i l u r e  Reports 

8280-19000; S/N 0000101.- 
F a i l u r e  Report B50939 
F a i l u r e  Analysis  - Not app l i cab le  
His tory :  A t  completion of welding opera t ions  rad iographic  
in spec t ion  d i sc losed  a crack  i n  the  overspot  a t  a seamweld 
junc t ion .  The u n i t  w a s  permit ted t o  go i n t o  FAT and w a s  requi red  
t o  be X-rayed aga in  i n  the  area of the c rack  fol lowing FAT. This  
a c t i o n  w a s  au thor ized  via  MRl3 d i s p o s i t i o n .  The u n i t  s u c c e s s f u l l y  
completed a l l  FAT and w a s  re-X-rayed. There w a s  no change i n  
the  cracked area fol lowing tes t .  

8280-19051-20; S/N 0000103.- 
F a i l u r e  Report B50969 
F a i l u r e  Analysis  Report 8280-10 
His tory :  During i n i t i a l  l e a k  tes t  of FAT t h i s  u n i t  leaked a t  a 
rate of 8.2 x l o 7  scc/sec. Permissable leakage s h a l l  n o t  exceed 
1.0 x scc/sec. The l eak  w a s  i s o l a t e d  t o  the switch assembly 
S/N 0000064. F a i l u r e  a n a l y s i s  pinpointed the l e a k  source t o  the  
switch diaphragm. Under microscopic  examination the p o i n t  of 
f a i l u r e  w a s  determined t o  be diaphragm f a t i g u e  caused by a deep 
s c r a t c h  i n  the  parent  metal. This  d e t e c t o r  w a s  scrapped. La ten t  
d e f e c t  n o t i c e  w a s  forwarded t o  the  switch vendor. A t  the  t i m e  
of f a i l u r e ,  two o the r  switch assemblies  (scrapped u n i t s )  w e r e  
i nves t iga t ed  f o r  similar d e f e c t s ,  bu t  none w a s  found. 
0000105 w a s  b u i l t  t o  r ep lace  t h i s  scrapped u n i t .  

E l A ,  S/N 

8280-19000; S/N 0000105.- 
F a i l u r e  Report B60712 
F a i l u r e  Analysis  Report 8280-11 
His tory :  ' Following FAT dynamics, t h i s  u n i t  leaked a t  a rate of 
6.4 x lo7  scc/sec. 
F a i l u r e  a n a l y s i s  d i sc losed  the l e a k  source t o  be s e v e r a l  spo t s  i n  
the  weld of t he  switch diaphragm t o  the  upper switch s h e l l  and 
lower switch case. The l eak  w a s  confined t o  t h e  i n t e r i o r  s i d e  
of  the  switch only.  Weld po ros i ty  and/or  minute burnthrough of 
the  diaphragm w e r e  the suspected cause of t he  leakage. V i a  MRl3 

The l e a k  w a s  .p inpointed t o  switch S/N 0000029. 
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ac t ion  switch S/N 0000162 w a s  i n s t a l l e d  t o  replace the fa i led  
switch S/N 0000029. The u n i t ,  E l A ,  S/N 0000105 w a s  re instated 
i n  FAT and successfully completed a l l  tests. 

8280-19052-01; t a r g e t  sheet  d e t a i l . -  
Fai lure  Report B60693 
Fai lure  Analysis Report - Not a p p l i c a b l e  
History: The height  of the volcano w a s  trimmed'out of plane 
with the base of the t a r g e t  sheet.  Height measured 0.406 t o  
0.455 in .  V i a  

MRB d ispos i t ion  t h i s  d e t a i l  w a s  used as i s  i n  the new build of 
E N ,  S/N 0000105. Special  care w a s  taken when i n s t a l l i n g  the 
switch assembly. This u n i t  completed a l l  t e s t i n g  successfully.  

This flange should have been 0.44 4- - 0 o:ooo 030 in .  

E3A Detector Fai lure  Reports 

8280-25000; S/M 0000102.- 
Fai lure  Report B55773 
Fai lure  Analysis Report 8280-14 
History: During ALC t e s t i n g ,  a t  about 3300 t e s t  cycles,  the 
control  thermocouple recorder malfunctioned and cal led f o r  con- 
tinuous heat  input t o  the t e s t  specimen. The overheating condi- 
t ion  caused the wood clamp bars t o  re lax  pressure and i n  turn 
loosened the aluminum bus bars. Arcing resul ted and p a r t i a l l y  
melted the t e s t  specimen. The u n i t  was burned beyond recovery 
and w a s  scrapped. The cause of f a i l u r e  w a s  evident on the f i x -  
ture  and several f ixes  were incorporated t o  preclude as recur- 
rence of t h i s  problem. Proper k i l l  c i r c u i t  la tching r e l a y  w a s  
i n s t a l l e d  t o  replace an ex is t ing  nonlatching re lay  i n  the c i r c u i t .  
Maple bars replaced the f i r  wood bars i n  the f i x t u r e  and the 
B r i s t o l  recorder was  rechecked t o  ensure smooth operation. E3A, 
S/N 0000104 replaced the f a i l e d  u n i t  i n  ALC. 

8280-25000; S/N 0000104.- 
Failure  Report B65063 
Fai lure  Analysis Report 8280-16 
History: During ALC t e s t i n g  on automatic operation, personnel 
working i n  another area of the test f a c i l i t y  inadvertently shut 
off p a r t i a l  power t o  the E3A test setup. The c i r c u i t  shutdown 
w a s  providing power t o  the s ignal  conditioning amplif ier  supply- 
ing temperature data  t o  the E3A detector  B r i s  t o 1  temperature 
recorder.  Hence, the recorders f o r  both control  and monitor 
ceased t o  function, resu l t ing  i n  overheating the specimen. The 
specimen w a s  burned and warped beyond recovery. This w a s  c l a s s i -  
f ied  as a f a c i l i t y  f a i l u r e  ra ther  than specimen f a i l u r e ,  thus 
S / N  0000103 w a s  introduced i n t o  ALc t e s t i n g  t o  replace E3A, S/N 
0000104. 
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Replacement E3A d e t e c t o r s ,  S/N 0000105 and S/N 0000106 were 
f a b r i c a t e d  t o  r ep lace  scrapped S/N 0000102 and S/N 0000104. 
of these  u n i t s  s u c c e s s f u l l y  m e t  a l l  FAT test  requirements and 
w e r e  subsequent ly  de l ive red  t o  NASA-LRC. 

Both 

FlA Detector  Panel F a i l u r e  Reports 

8280-28000; S/N 0000101 and S/N 0000102 
F a i l u r e  Report  B50965 
F a i l u r e  Analysis  Report  - Not app l i cab le  
His tory :  I n  the  process  of s p l i c i n g  the FlA h a l f  panels ,  the monel 
r ivets  were too hard f o r  the t h i n  gages of panel  material and the  
s p l i c e  s t r a p s .  The r i v e t s  swelled i n  d r i v i n g  caus ing  the  t a r g e t  
shee t s  and core  s h e e t s  t o  buckle and become d i s t o r t e d .  Acceptable 
r i v e t i n g  q u a l i t y  could no t  be achieved. This  even t  w a s  c l a s s i f i e d  
as a des ign  de f i c i ency  and engineer ing  changes w e r e  processed t o  
change from monel t o  aluminum r i v e t i n g  on a l l  subsequent f a b r i c a -  
t i o n .  V i a  MRB a c t i o n  both FlA, S/N 0000101 and S/N 0000102 were 
d i spos i t i oned  "use as is" wi th  monel r i v e t i n g  and w e r e  d i r e c t e d  
t o  be assigned t o  ALC use only.  

8280-28000; S/N 0000101.- 
F a i l u r e  Report B60691 
F a i l u r e  Analysis  - Not app l i cab le  
His tory :  During the  f a b r i c a t i o n  s p l i c e  ope ra t ion  t h i s  u n i t  
w a s  damaged by the  d r i l l  t o o l  cha f f ing  a g a i n s t  the  t a r g e t  area 
of t h e  panel .  The i n t e r f e r e n c e  caused a s l i g h t  ab ras ion  i n  the  
t a r g e t  area. V i a  MRB d i s p o s i t i o n  the  panel  w a s  accepted as i s  
and designated f o r  ALC usage. 

8280-28000 ; S/N 0000101. - 
F a i l u r e  Report  B65014 
F a i l u r e  Analysis  Report 8280-18 
His tory :  This  u n i t  f a i l e d  i t s  f i n a l  l e a k  t e s t  of FAT fol lowing 
temperature cyc l ing .  A leak  rate of 1.0 x 10-7 scc/sec w a s  re- 
corded whi le  i n  a test  cond i t ion  of 4 .8  x low6 t o r r .  
a n a l y s i s  the  u n i t  w a s  found t o  be leak ing  i n  the  parent  m e t a l  of 
the  f i l l  tube f i t t i n g .  The pore w a s  too  s m a l l  t o  be picked up 
wi th  any equipment o the r  than the  Veeco MS-12A Mass Spectrometer.  
The l eak  w a s  confined t o  the  swi tch  S/N 0000167 s i d e  of the  de tec-  
t o r  panel .  An MRB d i s p o s i t i o n  w a s  rendered t o  salvage the  switch 
S/N 0000166 h a l f  of t he  panel  and s p l i c e  i t  t o  the  switch S/N 
0000154 h a l f  of FlA, S/N 0000102. A f t e r  s p l i c i n g  the u n i t  w a s  
des igna ted  FlA, S/N O O O O l O l A .  This  new u n i t ,  S/N O O O O l O l A  w a s  
ass igned as a Q u a l i f i c a t i o n  specimen. 
Q u a l i f i c a t i o n  t e s t i n g .  
t he  assignment of switch S/N 0000154 from F U ,  S/N 0000102 i n t o  
FlA, S/N 000010~. 

V i a  f a i l u r e  

The u n i t  survived a l l  
(Refer t o  S/N 0000102 f o r  d a t a  concerning 
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8280-28000; S/N 0000102.- 
F a i l u r e  Report  B60692 
F a i l u r e  Analysis  Report  - Not a p p l i c a b l e  
History:  Switch mounting bracke t ,  8280-28017-02, w a s  n o t  t o  the  
latest engineer ing  change. The p a r t  w a s  f ab r i ca t ed  t o  Change C ,  
b u t  should have been t o  Change E .  The changes concerned material  
th ickness  r e v i s i o n  from 0.027 i n .  (Change C conf igu ra t ion )  t o  
0.020 (Change E conf igu ra t ion ) .  MIL6 d i s p o s i t i o n  au thor ized  a 

c a l l y  in te rchangeable  except  f o r  the material th ickness  and as- 
signed i t  t o  ALC usage. 

use  as is" d e c i s i o n  s i n c e  the  b racke t  w a s  f u n c t i o n a l l y  and physi-  I I  

8280-28000; S/N 0000102. - 
F a i l u r e  Report  B42462 
F a i l u r e  Analysis  Report 8280-18 
His tory :  This  u n i t  f a i l e d  i t s  f i n a l  l e a k  tes t  of FAT fol lowing 
temperature cyc l ing .  A leak  rate of 6.0 x l o m 7  scc/sec w a s  re- 
corded whi le  i n  a test cond i t ion  of 5.0 x t o r r .  V i a  f a i l u r e  
a n a l y s i s  t he  u n i t  w a s  found t o  be l eak ing  severe  enough t o  pin- 
p o i n t  i t s  source t o  the  f i l l  tube f i t t i n g  a t  the  ringweld.  The 
l eak  w a s  caused by a pore i n  the pa ren t  m e t a l  of the  f i t t i n g .  
The l e a k  w a s  confined t o  the  switch S/N 0000153 d e t e c t o r  h a l f .  
An MRB d i s p o s i t i o n  w a s  rendered t o  sa lvage  the  switch S/N 0000154 
h a l f  o f  t he  panel  and s p l i c e  i t  t o  the  salvaged switch S/N 0000166 
h a l f  of FlA, S/N 0000101, 
t o  Q u a l i f i c a t i o n  t e s t i n g  as FlA, S/N O O O O l O l A  fol lowing success fu l  
completion of a recheck of the  ind iv idua l  panel ha lves .  This u n i t  
(S/N O O O O l O l A )  s u c c e s s f u l l y  completed all Q u a l i f i c a t i o n  t e s t i n g .  

NOTE: SfN 0000101A w a s  the  FlA q u a l i f i c a t i o n  specimen represen-  
ta t ive of t he  o r i g i n a l  conf igu ra t ion  of a s t r a i g h t  i n t e rconnec t ion  
of t h e  gas t r a n s f e r  tube from the  f i l l  tube f i t t i n g  t o  the switch 
cup. 

The newly s p l i c e d  u n i t  w a s  ass igned 

8280-28000; S/N 0000103.- 
F a i l u r e  Report B55774 
F a i l u r e  Analysis  Report 8280-17 
His tory :  This  d e t e c t o r  panel  f a i l e d  i t s  f i n a l  l e a k  test i n  FAT 
fol lowing temperature c y c l i n g ,  The l e a k  was  too  g r e a t  t o  obta in  
a l e a k  rate s i n c e  the roughing cart  f o r  the vacuum chamber could 
n o t  be valved ou t  o f  t he  tes t  se tup .  F a i l u r e  a n a l y s i s  w a s  per-  
formed us ing  microscopic  examination t o  eva lua te  the l e a k  poin t .  
The l eak  source w a s  the  r e s u l t  of a c rack  i n  the switch-to-switch 
cup weld bead. 
apparenr: co ld  s h u t  between t h e  two weld passes .  The l e a k  path 
w a s  appa ren t ly  opened up as a r e s u l t  of thermal cyc l ing .  The 
l e a k  w a s  i s o l a t e d  t o  switch S/N 0000163 h a l f  only. 
a c t i o n  the  swi tch  S/N 0000168 h a l f  of t h i s  pane l  w a s  salvaged 

The weld w a s  accomplished in  two passes  wi th  an  

V i a  MRB 
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and r e s p l i c e d  t o  a newly b u i l t  h a l f  panel  t o  complete a n  F U  
conf igu ra t ion .  The new h a l f  s e c t i o n  used a salvaged switch 
assembly from FIA, S / N  0000105. 
ance w i t h  MRB i n s t r u c t i o n s  the  u n i t  w a s  i d e n t i f i e d  F U ,  S / N  
0000103A. This  panel  (S/N 0000103A) was  re routed  back through 
a complete FAT retest  s u c c e s s f u l l y  and w a s  then  assigned t o  
ALC. It went t o  ALC wi th  the  switch S/N 0000168 h a l f  of t he  
panel  e x h i b i t i n g  the  o r i g i n a l  des ign  on the  gas in t e rconnec t  
tube.  The switch S I N  0000164 h a l f  of the  panel  w a s  worked i n  
accordance w i t h  the  d i s p o s i t i o n  of MRB i n s t r u c t i o n s  def ined  on 
MARS B65065 supplemental  d a t a  shee t s  number 1 th ru  4.  This  docu- 
ment contained a l l  the  f a b r i c a t i o n  d e t a i l s  and parameters r e f e r r e d  
t o  as Modif ica t ion  2 i n  Martin Marietta and NASA-LRC l i a i s o n  con- 
ce rn ing  the FIA d e t e c t o r  panels .  

Following the  rework i n  accord- 

8280-28000; S /N  0000105.- 
F a i l u r e  Report B42091 
F a i l u r e  Analysis  Report 8280-12 
His tory :  During temperature cyc l ing  of FAT a t  73rd t o  the  82st 
cyc le  the panel  burned. F a i l u r e  a n a l y s i s  d i sc losed  t h a t  the f a i l -  
u r e  w a s  the r e s u l t  of the s p l i c e  having a h igher  e lec t r ica l  r e s i s t -  
ance than  the  remainder of the panel .  This  r e s u l t e d  i n  h o t  spo t s  
when pass ing  c u r r e n t  through the d e t e c t o r  panel .  D i f f e r e n t i a l  
expansion caused loosening of r ivets ,  followed by a r c i n g  t o  the  
po in t  of r u i n i n g  the  panel .  Severe burning occurred a t  the  s p l i c e .  
The panel  w a s  scrapped. Switch assembly S/N 0000164 w a s  salvaged 
from the  scrapped FIA, S/N 0000105 and used i n  the new bu i ld  of a 
h a l f  panel  s e c t i o n  of F a ,  S /N  0000103A. (Refer t o  the  previous 
paragraph f o r  the  d e t a i l s  of FlA,  S/N 0000103A.) 

8280-28000; S/N 0000109.- 
F a i l u r e  Report  B42092 
F a i l u r e  Analysis  Report  - Not app l i cab le  
His tory :  The in t e rconnec t  tube between the  f i l l  tube f i t t i n g  
and the in t e rconnec t  s p l i c e  w a s  blocked wi th  weld on switch S/N 
0000174 s i d e  of the  panel.  This w a s  n o t  known when the panel w a s  
subjec ted  t o  dynamics FAT. The blockage w a s  discovered when the 
pane 1 w a s  be ing  r ep re  s s u r  ized f o r  the temperature cyc 1 ing  tes t 
of FAT. V i a  MRB d i s p o s i t i o n  the blockage w a s  c o r r e c t e d ,  the  u n i t  
w a s  l e a k  checked and r e i n s t a t e d  i n  FAT f o r  t he  temperature cyc le  
tes t .  I n  the  i n t e r i m  FIA, S/N 0000108 f a i l e d  fol lowing a c o u s t i c s  
tes t  i n  Qua l i f i ca t ion .  NASA-LRC a long  wi th  Mart in  Marietta d i -  
r e c t e d  FlA, S/N 0000109 t o  be reassigned from a n  ALC specimen t o  
a Q u a l i f i c a t i o n  specimen. I n  a d d i t i o n ,  fol lowing the  thermal 
vacuum soak t e s t  of Q u a l i f i c a t i o n ,  the FlA, S/N 0000109 w a s  t o  be 
modified a t  both switch assemblies  t o  a Modif ica t ion  2 configu-  
r a t i o n  ( f l e x i b l e  se rpen t ine  in te rconnec t  t ube ) .  
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8280-28000; S / N  0000109.- 
Fai lure  Report B65 068 
Fai lure  Analysis Report 8280-26 
History: Following thermal vacuum soak of Qual i f ica t ion  tes t ing ,  
t h i s  u n i t  was found t o  be leaking a t  the switch S / N  0000174 h a l f .  
The leak was discovered a t  a 4.0 x low4 t o r r  vacuum chamber pres-  
sure.  Mass spectrometry l a t e r  isolated the leak a t  the brazed 
j o i n t  of the gas t ransfer  tube a t  the switch cup forming radius.  
Flux contaminate had dis integrated during thermal vacuum soak 
opening the leak path. The brazed j o i n t  w a s  repaired per MRB 
t l isposit ion and the serpentine gas t ransfer  tube (Modification 2) 
w a s  made t o  both switch assemblies (S/N 0000170 and S/N 0000174) 
of t h i s  de tec tor  panel. The panel, following t h i s  ac t ion ,  suc- 
ce s s f u l  ly  c omp le ted a 11 ass igned Qua 1 i f  ica t ion t e  s t ing . 
8280-28000; S / N  0000104.- 
Fai lure  Report B42097 
Fai lure  Analysis Report 8280-12 
History: This u n i t  w a s  accompanying PIA, S / N  0000105 i n  FAT 
temperature cycle tes t  when damaged by e l e c t r i c a l  arcing. Only 
minor overheating occurred on t h i s  u n i t  causing a s l i g h t  d i s -  
colorat ion of the panel a t  the sp l ice .  I n  accordance with MRB 
d ispos i t ion ,  the splice was removed, the area a t  the s p l i c e  w a s  
cleaned up and the panel reassembled and re ins ta ted  i n  FAT. It 
thereaf te r  completed temperature cycle, leak and functional tes ts  
i n  FAT as  directed by NASA-LRC. 

8280-28000; S/N 0000108.- 
Fai lure  Report B65065 
Fai lure  Analysis Report 8280-20 
History: This detector  panel w a s  found t o  be leaking after 
acoust ics  t e s t i n g  in  Qual i f ica t ion .  The leak was lacated by 
means of MS-12A Mass Spectrometer  i n  the upper fusion we ld  which 
jo ins  the interconnect tube (8280-28008-01) and the sleeve (8280- 
04061-01) on the switch S/N 0000173 ha l f  of the panel. The cause 
of f a i l u r e  w a s  a void i n  the weld created by contraction of the 
metal a t  the point of weld taper-off.  Project engineering and 
NASA-LRC coordinated a MRB disposi t ion f o r  t h i s  panel as follows, 
Rework both switch assemblies (S/N 0000022A and S/N QOQ8173) i n  
accordance with MRB B65065 supplemental data sheets 1 thru 4 .  
These data  sheets define the fabricat ion and design parameters 
t h a t  i s  referred t o  as Modification 2. Following the Incorpora- 
t i o n  of Modification 2 ,  reassign t h i s  panel for  del ivery follow- 
ing a complete run of FAT. See the next paragraph fo r  continua- 
t i o n  of t h i s  panel 's  h i s tory .  
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8280-28000; S / N  0000108. - 
F a i l u r e  Report  B66035 
F a i l u r e  Analysis  Report 8280-24 
His tory :  I n  the  re-FAT sequence d i r e c t e d  i n  the  preceding para-  
graph t h i s  u n i t  w a s  found t o  be leak ing  fol lowing the  dynamics 
test .  
h a l f  of t he  panel .  Mass spectrometry determined the source of 
leakage t o  be a t  the  top se rpen t ine  brazed j o i n t .  S o l i d i f i e d  
braze f l u x  entrapped i n  the  braze j o i n t s  caused the  leakage when 
it d i s i n t e g r a t e d  as a r e s u l t  of dynamics t e s t i n g .  An MRB d i s -  
p o s i t i o n  d i r e c t e d  a rework of the d e f e c t i v e  brazed j o i n t  and 
r ecyc l ing  back through FAT. The u n i t  completed FAT success fu l ly  
fol lowing the rework. 

F a i l u r e  a n a l y s i s  i s o l a t e d  the  l e a k  t o  switch S/N 0000173 

8280-28000; S/N 0000110.- 
F a i l u r e  Report  B66036 
F a i l u r e  Analysis  Report 8280-23 
His tory :  This  panel  w a s  b u i l t  l a te  i n  the program as a rep lace-  
ment f o r  FlA l o s s e s  i n  test .  The switch assemblies  f o r  t h i s  u n i t  
(S/N 0000167 and S / N  0000153) w e r e  salvaged from FlA, S/N 0000101 
and S/N 0000102 panels ,  r e s p e c t i v e l y ,  FlA, S/N 0000110 f a i l e d  
i t s  i n i t i a l  l e a k  tes t  of FAT. The f a i l u r e  w a s  i s o l a t e d  t o  the  
seamweld, Microscopic examination f o r  f a i l u r e  concluded the  
f a i l u r e  t o  be the  r e s u l t  of contamination brought about  by im- 
proper handl ing fol lowing the c leaning  process .  Contamination 
of t he  su r face  impaired the welding and c rea t ed  c racking  which i s  
a t t r i b u t e d  as the  l eak  pa th .  This u n i t  w a s  scrapped and the 
switch assemblies  S/N 0000167 and S/N 0000153 were salvaged per  
MRB and used i n  the  f a b r i c a t i o n  of FlA, S/N 0000111. 
S/N 0000111 completed FAT t e s t i n g  s a t i s f a c t o r i l y .  

The FlA, 

8280-28000; S/N 0000103A and S/N 0000111 .- 
F a i l u r e  Report B6604l 
F a i l u r e  Analysis  Report 8280-27 
His tory :  I n  the  course of ALC t e s t i n g  a t  the 7147th cyc le ,  both 
of the a forenoted  F1A specimens s igna l l ed  a pressure  l o s s  a t  the 
t e s t  c o n t r o l  console .  On FlA, S/N 0000103A, the  leak  was i s o -  
l a t e d  t o  the switch S/N 0000164 ha l f  of the d e t e c t o r  pane l .  
FlA, S / N  0000111, the  leak  was i s o l a t e d  t o  the  switch S /N 0000153 
h a l f  of the  d e t e c t o r  pane l .  Via VEECO mass spectrometer ,  the  
f a i l u r e s  were pinpointed t o  a s i n g l e  spotweld f a i l u r e  i n  each of 
the d e t e c t o r  pane l s .  In  both cases  the  f a i l e d  spotweld w a s  ad- 
j a c e n t  t o  the  cen te r  s p l i c e ,  i n  t he  f i r s t  row of spotwelds out -  
board of t he  s p l i c e .  On FlA, S/N 0000103A, t h e  f a i l u r e  occurred 
a t  the  10th  spotweld down from the long i tud ina l  d i r e c t i o n  of 
the pane l .  On FlA, SIN 0000111, ' the f a i l u r e  was a t  the 13th 
spotweld.  In  both cases ,  the  f a i l u r e s  were t y p i c a l  f a t i g u e  

On 
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f a i l u r e s  b rough t  a b o u t  by mass d i s c o n t i n u i t i e s  a s s o c i a t e d  w i t h  
t h e  a t t a c h m e n t  o f  t h e  e l e c t r i c a l  bus-bar  and the rma l  stresses 
induced by t h e  clamping method employed a t  t h e  s p l  
temperature g r a d i e n t s  of  t h e  o r d e r  o f  200 t o  300'F 
enced a t  t h e  s p l i c e  area owing t o  t h e  clamp s h i e l d i n g .  I n  2 m i l  
t a r g e t  s h e e t s ,  t h e  F1A a p p a r e n t l y  canno t  s t a n d  p r e s s u r e  c y c l e  
s t r e s s e s  combined w i t h  u n r e a l i s t i c a l l y  h i g h  ( t e s t )  t h e r m a l  
stresses; t h u s ,  t h e  f a i l u r e s  were induced .  N o  f u r t h e r  t e s t i n g  
was accomplished on t h e  F1A. Given f i x t u r e  m o d i f i c a t i o n  coupled 
w i t h  r e a l i s t i c  s p a c e f l i g h t  t he rma l  s i m u l a t i o n ,  t h e  F1A c o n f i g u r a -  
t i o n  cou ld  s u c c e s s f u l l y  w i t h s t a n d  t h e  r i g o r s  of  ALC t e s t i n g .  

F a i l u r e  Report  Trend A n a l y s i s  

To e s t a b l i s h  a t r e n d  r e l a t i o n s h i p  w i t h  r e s p e c t  t o  a l l  f a i l -  
u r e  r e p o r t s  on t h e  MPDD program, a l l  M a r t i n  Marietta Automatic  
R e p o r t i n g  System (MARS forms)  were r ev iewed ,  The MARS form was 
used e x c l u s i v e l y  a s  a s i n g l e  p o i n t  f a i l u r e  r e p o r t  and /o r  Material 
Review Board d i s p o s i t i o n  form.  A l l  d i s c r e p a n c i e s ,  r e g a r d l e s s  o f  
t h e i r  o r i g i n  (vendor  o r  M a r t i n  Marietta C o r p o r a t i o n )  were re-  
p o r t e d ;  were summarized i n  Appendix C ;  and a r e  h e r e i n a f t e r  a c -  
c o u n t a b l e  e x c e p t  a s  no ted  f o r  Se rvon ics  I n s t r u m e n t s  I n c o r p o r a t e d .  
The Se rvon ics  p r e s s u r e - a c t i v a t e d  s w i t c h  ( f i r s t  e n t r y  i n  Appendix 
C )  f a i l e d  t o  q u a l i f y  f o r  MPDD use .  It, t h e r e f o r e ,  was n o t  used 
i n  any  f i n a l  MPDD hardware and was removed by e n g i n e e r i n g  change 
from a l l  r e f e r e n c e  on t h e  M&T p r o d u c t i o n  d rawings .  

The a n a l y s i s  i s  p r e s e n t e d  i n  two s e c t i o n s  a s  f o l l o w s :  

1) C a r l e t o n  C o n t r o l s  p r e s s u r e  a c t i v a t e d  s w i t c h  compo- 
n e n t  [vendor and M a r t i n  Marietta Corpora t ion  f a i l -  
u r e  r e p o r t s  (MARS) through FAT]; 

2 )  MPDD a s s e m b l i e s  [Mart in  Marietta Corpora t ion  f a i l -  
u r e  r e p o r t s  (MARS) throughout: M&Ty FAT, Q u a l ,  ALC]. 

Summary of  p r e s s u r e - a c t i v a t e d  s w i t c h  component.- A t o t a l  
o f  18 r e p o r t s  were p rocessed  a g a i n s t  t h e  C a r l e t o n  C o n t r o l  Incorpo-  
r a t e d  p r e s s u r e - a c t i v a t e d  s w i t c h  ( t a b l e  2 4 )  d u r i n g  i t s  c o u r s e  of  
f a b r i c a t i o n  and t e s t  a t  t h e  s u p p l i e r ,  t h rough  FAT a t  M a r t i n  Mari- 
e t t a  C o r p o r a t i o n .  I n  t h e  t a b l e ,  i t e m s  A,  B y  C, and I a r e  t y p i c a l  
MRB r e q u e s t s .  They a r e  n o t  t e s t  f a i l u r e s  and do n o t  p r e s e n t  a n y  
t r e n d  s i g n i f i c a n c e  c o n t r i b u t i n g  t o  a n  o u t  o f  c o n t r o l  s i t u a t i o n .  
I t e m  F, a l t h o u g h  r e p o r t e d  d u r i n g  FAT i n  one c a s e  and a f t e r  FAT 
i n  t h e  o t h e r ,  b o t h  a r e  r e j e c t i o n s  r e s u l t i n g  from mishand l ing .  
Two damaged u n i t s  o v e r  t h e  t o t a l p r o c u r e m e n t  i s  n o t  c o n s i d e r e d  
s i g n i f i c a n t ,  
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Item G,  l i k e w i s e ,  was a f a i l u r e  r e p o r t e d  d u r i n g  FAT. The 
i c i n g  c o n d i t i o n  t h a t  r e s u l t e d  i n  t h e  t h r e e  f a i l u r e s  was induced 
by a d e f i c i e n t  f i x t u r e  d e s i g n .  The f ix tu re  was modif ied and no 
f u r t h e r  f a i l u r e s  were e x p e r i e n c e d  o v e r  t h e  e n t i r e ’ t e s t  program. 

I t ems  D,  E ,  and H a re  v a l i d  t e s t  f a i l u r e s ;  however, n e i t h e r  
t h e  f a i l u r e  c h a r a c t e r i s t i c  n o r  t h e  q u a n t i t y  invo lved  are  sugges-  
t i v e  o f  a n  u n d e s i r a b l e  d e s i g n  o r  f a b r i c a t i o n  d e f i c i e n c y  t r e n d .  

Summary of  MPDD a s s e m b l i e s . -  A t o t a l  o f  35 r e p o r t s  were proc-  
e s s e d  a g a i n s t  t h e  MPDD a s s e m b l i e s  d u r i n g  t h e i r  assembly,  FAT, 
Qual ,  and ALC p r o c e s s i n g  ( t a b l e  2 5 ) .  1; i t e m  A,  a r e v i s i o n  of  t h e  
f i l l  and punch-off s p e c i f i c a t i o n  r e q u i r i n g  a d d i t i o n a l  t empera tu re  
s t a b i l i z a t i o n  t i m e  c o r r e c t e d  t h e  problem. I n  i t e m  B, t h e  f a i l u r e s  
were caused by t h e  clamping t e c h n i q u e  employed i n  mounting t h e  
specimens.  S e v e r a l  m o d i f i c a t i o n s  were made i n  t h e  clamping t e c h -  
n ique  t o  e l m i n a t e  t h e  problem. I n  items C t h r u  H, t h e  q u a n t i t y  
of  hardware invo lved  i n  e a c h  c l a s s i f i c a t i o n  o f  f a i l u r e  i s  n o t  
s i g n i f i c a n t  t o  e s t a b l i s h  a t r e n d  r e l a t i o n s h i p .  An i n t e r e s t i n g  
p o i n t  worthy o f  n o t e  l i e s  i n  t h e  r e l a t i o n s h i p  of  i t e m  H t o  i t e m  1. 
I n  a l l  o f  t h e  we ld ing  performed on t h e  MPDD hardware under t h e  
a u t o m a t i c  mode o r  machine we ld ing ,  o n l y  two d e f i c i e n t  c o n d i t i o n s  
were r e p o r t e d .  I n  t h e  manual mode, however, seven f a i l u r e s  were 
r e p o r t e d .  The human e l emen t  g e n e r a l l y  i s  t h e  v a r i a b l e  t h a t  can- 
n o t  be p r e d i c t e d  and r e p e a t a b i l i t y  of 100% good welds  a n d l o r  
brazed j o i n t s  canno t  be expec ted  on t h e  f i r s t  pass as  was demon- 
s t r a t e d  on t h e  machine o r  a u t o m a t i c  we ld .  Although a l l  of t h e  
manual welds  and b razed  j o i n t s  were of  t h e  type  where rework t o  
a c h i e v e  a c c e p t a b l e  w e l d s l b r a z i n g  was p o s s i b l e ,  and was accom- 
p l i s h e d ,  a f a i l u r e  r e p o r t  was n o n e t h e l e s s  n e c e s s a r y ,  s i n c e  t h e  
f a i l u r e s  could n o t  be d e t e c t e d  u n t i l  t h e  u n i t  was i n  FAT, On 
f u t u r e  p r o d u c t i o n ,  t h e  area of  manual we ld ing  should be minimized,  
I n  l i n e  t e s t i n g  t o  v e r i f y  manual welds  shou ld  be p e r m i t t e d  and 
r e p a i r s  a l lowed  w i t h o u t  p e n a l t y  of  be ing  c l a s s e d  a s  “ f a i l u r e s . “  
The p r o d u c t i o n  t e s t  t o  s c r e e n  and r e p a i r  we lds  should be accom- 
p l i s h e d  as  a s e p a r a t e  i t e m  t o  FAT. Once i n  FAT, t h e  u n i t  i f  
f a i l u r e  o c c u r s  shou ld  be c a t e g o r i z e d  a “ f a i l u r e . ”  
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Item 
i d e n t i f i e i  

A 

B 

C 

D 

E 

H 

I 

u r e  r e p o r t s  

d e n t i f i c a t i o n  

842082 
B42083 
842084 
B42085 
B50965 

B65067 
B66037 
B66833 
B42091 
B42097 
B66041 

B55773 
B65063 

B66038, 

B60693 
B60692 

B50941 
B50969 
B607 12 

B50970 
B65014 
B42462 
B66036 

B50939 
B55774 

B42 100 
865064 
B69832 
B50966 
B6604O 
B6069 1 
B42092 
B65068 
B65065 
B6603 5 

TABLE 25.- MPPD ASSEMBLIES 
N FAILURE REPORTS ( M A R S )  THROUGHOUT M&T, FAT, QUAC, AND ALC] 

F a i l u r e  r e p o r t  cond i t ion  

Engineer ing  

Tool des ign  * 

Tes t  equipment malfunc- 
t i o n /  t e s  t personnel  
e r r o r  

Over t e s t  

D e t a i l  p a r t  e r r o r  

Switch/vendor d e f i -  
c i e n c  ie s 

Leakage 

Automatic weld 
d e f i c i e n c i e s  

Workmanship manual weld, 
b raz ing  

Summary 

I n s u f f i c i e n t  soak  t i m e  t o  a l low p res su re  s t a b i l i z a t i o n ;  
s p e c i f i c a t i o n  was r e v i s e d  t o  a I low a d d i t i o n a l  t i m e  f o r  
tempera ture  s t a b i l i z a t i o n ;  no f u r t h e r  problems. Monel 
r i v e t s  could  n o t  be d r iven  i n  0.002 and 0.016 nmte r i a l  
wi thout  t e a r i n g  m a t e r i a l ;  eng inee r ing  changed t o  aluminu 
r i v e t i n g  

A l l  o f  t hese  f a i l u r e s  concern e i t h e r  a cracked spotweld 
o r  specimens burned; i n  a l l  ca ses ,  t he  cause  of  f a i l u r e  
was due t o  t h e  clamping method employed i n  the  f i x t u r e  

One f a i l u r e  on each cond i t ion  r e s u l t e d  i n  des t roy ing  of 
specimen by burn ing  

Specimen cyc led  twice  through q u a l i f i c a t i o n  

D e t a i l  p a r t  volcano f l ange  unde r s i ze ;  d e t a i l  p a r t  0.027 
m a t e r i a l  used i n  l i e u  o f  0.020; both  were r eques t s  f o r  
MRB 

Workmanship items b u t  n o t  r e p e t i t i v e ;  r e j e c t i o n s  r ep re -  
s e n t  one warped c o n t a c t s ,  one sc ra t ched  diaphragm, one 
weld burnthrough i n  diaphragm 

One d e f e c t i v e  r ingweld ,  two parent  meta l  pore,  one 
contaminat ion ,  caused by improper handl ing  fo l lowing  
c l ean ing  

One c rack  a t  seamweld co rne r ;  t h i s  was re-X-rayed a f t e r  
FAT and no growth de l ive red  wi th  MRB. 
tween weld passes  Only one i t e m  i n  e n t i r e  c o n t r a c t  

One co ld  shut  be- 

Except f o r  B42100 (a clogged vent  p o r t ) ,  869832 (margina 
swi tch  i n s t a l l a t i o n ,  and 860691 ( d r i l l  c h a f f i n g  damage, 
a l l  of the remaining f a i l u r e s  (7) were welding 
and/or  manual b raz ing  f a i l u r e s  The p o i n t s  of f a i l u r e s  
were common t o  the  f u s i o n  weld a t  t he  gas  in t e rconnec t  
tube  and/or brazed j o i n t  a t  t he  gas  tube  t o  swi tch  c u p .  
o r  s e rpen t ine  brazed j o i n t s  
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