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INTRODUCTION 

The purpose of t h i s  r e p o r t  is t o  summarize t h e  r e s u l t s  o f  
v e r i f i c a t i o n  t e s t i n g  on NASA C o n t r a c t  NAS 9-17249. T h i s  r e p o r t  c o n t a i n s  
b r i e f  d i s c u s s i o n  o f  d e s i g n  e l emen t s ,  actual t es t  r e s u l t s ,  and a 
d i s c u s s i o n  o f  t h e  r e s u l t s  o f  t h e  v a r i o u s  tes ts .  

The c o n t r a c t .  was awarded f o r  development and demons t r a t ion  o f  
d e s i g n  m o d i f i c a t i o n s  t o  t h e  NASA S t a n d a r d  I n i t i a t o r - I  (NSI-1); t h e  
r e s u l t  o f  t h e  tasks is NASA S tanda rd  I n i t i a t o r - 2  ("31-2). 

I n  acco rdance  w i t h  t h e  r e q u i r e m e n t s  of  S t a t e m e n t  o f  Work 
Pa rag raph  1.0, t h e  i n t e n t  o f  t h e  p r o j e c t  was t o  d e v e l o p  and p rove  t h e  
f o l l o w i n g  d e s i g n  f e a t u r e s .  

1 ) P r o t e c t i o n  from premature i n i t i a t i o n  due  t o  e l e c t r o s t a t i c  
p o t e n t i a l  by means o t h e r  t h a n  a s p a r k  gap. 

Development o f  a n  i n t e g r a l  i n s u l a t e d  c h a r g e  cup for u s e  
w i t h  a zirconium/potassium perchlorate t ype  niixtcrre. 

Improved c o s t  and r e l i a b i l i t y  f i g u r e s  by t h e  use of a 
d e p o s i t e d  b r i d g e .  

E l i m i n a t i o n  of dudding as  a resul t  of  t h e  p y r o t e c h n i c  
shock effect ,  t h e  movement o f  t h e  p r imer  compos i t ion  
away from t h e  b r i d g e  c i r c u i t .  

2 )  

3) 

4 )  

SOLUTIONS TI2 DESIGN PROBLEMS - 
The folloll i ing is a b r i e f  d i s c u s s i o n  o f  o u r  s o l u t i o n s  t o  t h e  

c h i e f  d e s i g n  c h a l l e n g e s  of NSI-2 development and v e r i f i c a t i o n .  Re levan t  
d rawings  are a t t a c h e d .  

R o b e r t s  Research Laboratory used i n t e g r a t e d  s o l u t i o n s  t o  s o l v e  
t h e  c h a l l e n g e s  of NSI-2 development i n  a n  a t t e m p t  t o  r e d u c e  c o s t s  and 
maximize t h e  r e l i a b i l i t y  o f  t h e  i n i t i a t o r .  

To e l i m i n a t e  premature f i r i n g  from h i g h  v o l t a g e  e l e c t r o s t a t i c  
discharge, cur i n t e g r a l  i n s u l a t e d  c h a r g e  cup is a metallic ccm9onent 
connec ted  by a low r e s i s t a n c e  b r i d g e  c i r c u i t  t o  t h e  p i n s .  It  is 
i n s u i a t e d  from t h e  main i n i t i a t o r  body by a c o n c e n t r i c  g l a s s - t o - m e t a l  
seal, which p r o v i d e s  i n s u l a t i n g  resistance c h a r a c t e r i s t i c s  far  i n  excess 
of t h e  r e q u i r e m e n t s  o f  t h e  S ta t emen t  or" Work. For  a l l  p r a c t i c a l  
p u r p o s e s ,  t h e  p i n s  and t h e  c h a r g e  cup are a t  t h e  same electrical  
p o t e n t i a l  w i t h  r e s p e c t  t o  e l e c t r o s t a t i c  d i s c h a r g e .  With t h i s  d e s i g n ,  
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there e x i s t s  no path f r o m  shorted p i n s  t o  ground through the  explosive 
charge. Therefore, no amount o f  e l e c t r o s t a t i c  discnarge from shorted 
p i n s  t o  ground could ever i n i t i a t e  the  u n i t .  

Because the  explosive charge i s  t o t a l l y  encased i n  the  m e t a l l i c  
charge cup and vacuum deposited t i t a n i u m  bridge, forming a Faraday 
s h i e l d  as demonstrated i n  the attached drawing, t he  explosive charge i s  
protected from any h igh  voltage caused by a rc ing  from shorted p i n s  t o  
ground. Any e l e c t r o s t a t i c  discharge must pass from the  p i n s  t o  the 
charge cup through a l o w  resistance path. I f  an a rc  forms, i t  forms 
between the  outside o f  the charge cup and the body, o r  ground, outside 
o f  t h e  explosive m i x t u r e  i n  t h e  charge cup. 

Our use o f  glass-to-metal sea l i ng  techniques makes the  charge 
cup i n t e g r a l  w i t h  t h e  i n i t i a t o r  body. The seal  has a number o f  
advantages. Most important ly,  use o f  a glass-to-metal sea l  bonds t h e  
charge cup t o  the body, e l im ina t i ng  p o t e n t i a l  movement o f  t he  charge cup 
and body wi th respect t o  the pins. The i n t e g r a t i o n  o f  p i n s  t o  cup 
g r e a t l y  reduces the l i k e l i h o o d  o f  dudding as a r e s u l t  o f  b r i dge  c i r c u i t  
breakaqe. 

I n v e s t i g a t i n g  cost  and r e l i a b i l i t y  improvements f o r  t he  br idge 
c i r c u i t  l e d  us t o  the concept o f  a vacuum deposited t i t a n i u m  br idge. 
The concept o f  a vacuum deposited br idge has been t r i e d  i n  many m i l i t a r y  
appl icat ions.  The vacuum deposited br idge requi res l e s s  manufacturing 
s k i l l  a f t e r  i n i t i a l .  set-up, reduces product ion costs and has the 
advantage o f  i n t e g r a t i n g  t h e  b r i dge  w i t h  the charge cup and pins.  I n  
addi t ion,  t he  use o f  a t i t an ium vacuum deposited b r idge  ensures a 
complete Faraday shield,  as the  e n t i r e  surface o f  t h e  charge cup and 
g lass seal  are covered. 

For  t he  NSI-2, Roberts Research Laboratory developed a modif ied 
pr imer o r  br idge cornposition consis t ing o f  49% zirconium, 47% potassium 
perchlorate,  4% Y-338 Therrnodur and 16% xylene. To get  higher 
u n i f o r m i t y  and r e l i a b i l i t y ,  we needed potassium perch lorate o f  a 
p a r t i c l e  s i z e  approximately the same as t h a t  o f  t h e  zirconium i n  the  
composition. The only  commercially ava i l ab le  potassium perch lorate was 
c f  3 w c h  l a r g e r  partick s i ie ,  2ij microns 2 5 microns per  Ciass 4 o f  
MIL-P-217. 

Grinding the potassium perch lorate dry was unsuccessful because 
o f  caking. Grinding i t  w e t  wi th  such non-solvents as i sop ropy l  a l coho l  
was somewhat dangerous and did not  r e s u l t  i n  t h e  desired uniformity o f  
p a r t i c l e  size. 

We then t r i e d  d i sso l v ing  the  Class 4, MIL-P-217, potassium 
perch lorate i n  b o i l i n g  water and i n j e c t i n g  the  potassium 
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perchlorate/water s o l u t i o n  i n t o  h i g h l y  ag i ta ted  reagant grade isopropy l  
alcohol, which threw the  potassium perch lorate ou t  o f  so lu t ion .  We then 
decanted, f i l t e r e d  and d r i e d  the  potassium perchlorate.  The average 
p a r t i c l e  s i z e  a f t e r  t h i s  process was 3 microns, q u i t e  c lose  i n  s i z e  t c  
the  zirconium pa r t i c l es .  

The base charge consisted o f  50% zirconium, 47% potassium 
perch lorate ( 3  micrcn p a r t i c l e  s i ze )  and 3% Viton-B. The Viton-B was 
dissolved i n  an excess o f  acetone. The zirconium and potassium 
perch lorate were added and dispersed under h igh  ag i ta t i on .  The Viton-B 
was shock ge l l ed  by r a p i d l y  adding hexane t o  the  h i g h l y  ag i ta ted  mixture 
above. This  un i formly coated a l l  t he  p a r t i c l e s  wi th  a non-st icky 
coat ing of Viton-B. The mater ia l  was decanted, f i l t e r e d ,  p a r t i a l l y  
dried,  g""-' d a t e d  a d  thomcrghly dr ied.  

By reducing the  p a r t i c l e  s i z e  o f  t he  potassium perch lorate 
through con t ro l l ed  h igh  speed p rec ip i t a t i on ,  we achieved smal l  p a r t i c l e  
size, g i v i n g  the  pyrotechnic cornposition greater  un i fo rmi ty .  Th is  
greater  un i fo rm i t y  leads, i n  e f fec t ,  t o  h igher  s e n s i t i v i t y  a t  co ld  
temperatures. 

A f te r  exp lo r ing  a number o f  a l t e r n a t i v e s  f o r  prevent ing 
detonator shock-induced movement o f  t he  pr imer composit ion away from the  
br idge c i r c u i t ,  we s e t t l e d  on a technique o f  p a i n t i n g  onto the  br idge a 
thin, low mass pyrotechnic composition wi th  tenacious bond 
charac ter is t i cs .  A vers ion o f  t h i s  method, used very successfu l ly  i n  
bo th  the  Mercury and Gemini projects,  causes the  pr imer  composit ion t o  
r e s i s t  forward movement. Should the  base charge move away from the 
br idge c i r c u i t ,  the  output o f  the painted on pr imer  composit ion i s  
s u f f i c i e n t  t o  f l a s h  across the  distance and i g n i t e  t h e  base charge. 

We be l ieve  t h a t  we have solved the  design problems posed by the 
Statement o f  Work and o f f e r  our t e s t  data as v e r i f i c a t i o n  o f  t h a t  
success. 

SUMMARY OF PROJECT REQUIREMENTS - 
The n m  conf igu ra t ion ,  NSI-7, meets the  con f igu ra t i ona l  

performance and environmental requirements ou t l i ned  i n  the  Statement o f  
Work wi th  the  exceptions noted i n  the repo r t  e n t i t l e d  "Discussion o f  
Unresolved Problems . l l  

The envelope conforms t o  NASA s p e c i f i c a t i o n  c o n t r o l  drawing SLB 
25100110 i n  accGrdance wi th Paragraph 2.1.? o f  the S ts tme f i t  o f  Work. 

The end c losure consis ts  o f  a 304 L s t a i n l e s s  s t e e l  cup welded 
t o  the  body i n  accordance wi th  Paragraph 2.1.2 o f  t he  Statement o f  Work. 

6 
R O  BE RTS RES E A R C H L A B  0 RAT0 RY @ 



The NSI-2 i s  hermet ica l ly  sealed by a glass-to-metal sea l  i n  
accordance w i t h  Paragraph 2.1.3 o f  t he  Statement o f  Work. There i s  no 
leakage from the  loaded, sealed NSI-2 i n  excess o f  5 x cm3/second 
of hel ium a t  one atmosphere pressure d i f f e r e n t i a l ,  as evidenced i n  
Paragraph 2.3 o f  the  accompanying t e s t  data. 

The NSI-2 has a deposited br idge which i s  e l e c t r i c a l l y  insu la ted  
from the  body i n  accordance with Paragraph 2.1.4 o f  t he  Statement o f  
Work. The i n i t i a t i n g  br idge res is tance i s  1.05 ohms 2 0.10 ohms, as 
evidenced by Paragraph 2.4 o f  t h e  accompanying t e s t  data. 

The NSI-2 i s  n a t u r a l  co lo r  and has no p r o t e c t i v e  coat ing  or 
p l a t i n g  i n  accordance w i t h  the requirements o f  Paragraph 2.1.5 o f  t he  
Statement of Work. 

The NSI-2 uses a zirconiurn/potassium perch lo ra te  pyrotechnic 
ma te r ia l  i n  accordance w i t h  Paragraph 2.1.6 o f  the Statement o f  Work. 

The NSI-2 wi thstands 150 inch-pounds o f  torque app l ied  t o  t he  
I wLen~h inc j  .- area w i t h  iio zvidence o f  damage i n  accordance iliith Paragraph 
2.1.7 of the  Statement o f  Work. 

The NSI-2 performs aa f te r  temperature c y c l i n g  o f  +300" F t o  -26P 
F w i t h  a r a t e  o f  change o f  a t  l e a s t  200OF per  minute, as spec i f i ed  i n  
Paragraph 2.2.1.1.2 of' the  Statement o f  Work and as evidenced i n  
Paragraph 2.8 o f  the  accompanying t e s t  data. 

The NSI-2 performs a f t e r  being subjected t o  sawtooth shock o f  
100 g 's  wi th  an 11 mi l l i second r i s e  and a 1 m i l l i second  delay as 
requ i red  i n  accordance wi th Paragraph 2.2.1.2.1 o f  t he  statement o f  Work 
and as v e r i f i e d  i n  Paragraph 2.9 o f  the  accompanying t e s t  data. 

The NSI-2 performs a f t e r  being subjected t o  pyrotechnic shock o f  
a impulse a t  -4500 F i n  accordance with Paragraph 2.2.1.2.2 
o f  t he  Statement o f  Work, except as noted i n  the  pre l im inary  r e p o r t  o f  
NASA t e s t  r e s u l t s  and the  discussion o f  t e s t  resu l ts .  

detonat ion 

The NSI-2 performs a f te r  be ing subjected t o  random v i b r a t i o n  a t  
-65' F i n  three orthogonal axes as requi red by Paragraph 2.2.1.3.1 o f  
t h e  Statement o f  Work and as v e r i f i e d  i n  Paragraph 2.10 of t he  
accompanying t e s t  data. 

The NSi-2 performs a f t e r  being subjected t o  random v i b r a t i o n  a t  
-260' F i n  three orthogonal  axes as requi red by Paragraph 2.2.1.3.2 o f  
t h e  Statement o f  Work and as v e r i f i e d  i n  Paragraph 2.11 of the  
accompanying t e s t  data. 
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The NSI-2 meets the  humidity requirements o f  Paragraph 2.2.1.4 
of The Roberts Research Laboratory 
NSI-2 uses a pyrotechnic composition o f  z i rconium and potassium 
perchlorate.  

the Statement o f  Work by s i m i l a r i t y .  

The NSI-2 i s  hermet ica l ly  sealed and, because o f  s i m i l a r i t y  o f  
t he  pyrotechnic corn onents t o  the NSI-1, meets the  vaccjum pressure 
requirement o f  Tor r  f o r  360 hours i n  accordance w i t h  Paragraph 
2.2.1.5 o f  the  Statement o f  Work. 

The unloaded assembly of t he  NSI-2 withstands a s i n  l e  thermal 

no evidence o f  s t r u c t u r a l  degradation or l eak ing  i n  accordance 
Paragraph 2.2.2 o f  t he  Statement o f  'uiork, as evidenced by Paragraph 

shock from ambient temperature t o  -320' F i n  l e s s  than two (2  7 seconds. 
There 
w i t h  
2.1 o f  the  accompanying t e s t  data. 

i s  

The NSI-2 does n o t  f i r e  when exposed t o  a temperature o f  +400° F 
f o r  one hour i n  accordance wi th Paragraph 2.2-3 o f  the  Statement o f  
Work, as evidenced by Paragraph 2.7 o f  the accompanying t e s t  data. I n  
iiddit.ion, a l l  u n i t s  are subjected t o  +400° F f o r  one hour i n  the  process 
o f  loading, 

The NSI-2 does n o t  i n i t i a t e  when the  br idge c i r c n i t  i s  subjected 
t o  a dc cur ren t  o f  one ampere f o r  f i v e  minutes a t  +300° F w i thout  t he  
a i d  o f  heat sinks. The unit func t ions  a f t e r  being subjected t o  these 
cond i t ions  i n  accordance w i th  Paragraph 2.3.1.1 o f  t he  Statement o f  
Work. 

The NSI-2 does n o t  i n i t i a t e  when the  br idge c i r c u i t  i s  subjected 
t o  a dc power o f  one wat t  f o r  f i v e  minutes a t  300' F wi thout  t he  a i d  of 
heat sinks. The u n i t  funct ions a f t e r  being subjected t o  these 
cond i t ions  i n  accordance w i t h  Paragraph 2.3.1.2 o f  the  Statement o f  
Work. 

The NSI-2 br idge c i r c u i t  wi thstands twenty- f ive (25) 
app l i ca t i ons  o f  a f i f t y  (50) mi l l iampere pulse of one minute dura t ion  
w i thout  degradation i n  accordance wi th  Paragraph 2.3.1.3 o f  the  
Stateiilei-it uf iibiic. 

The NSI-2 withstands an AC vo l tage o f  200 (210) v o l t s  rms f o r  
one minute between the  body and both p i n s  shorted together with a 
leakage A f t e r  being subjected t o  
these conditions, the NSI-2 meets i g n i t i o n  and performance requirements 
i n  accordance wi th  Paragraph 2.3.1.4 o f  the  Statement o f  bark. 

cur ren t  o f  l e s s  than 500 microamperes. 

The res is tance between the  NSI-2 body assembly and the  p i n s  i s  a 
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minimum of 2 megohms when measured w i t h  a p o t e n t i a l  o f  250 VDC f o r  
f i f t e e n  (15)  seconds i n  accordance w i t h  Paragraph 2.2.1.5 o f  t h e  
Statement o f  Work, as evidenced i n  Paragraph 2.5 o f  the  accompanying 
t e s t  data. 

The PJSI-2 does no t  f i r e  o r  dud wher! subject.ed t o  an 
e l e c t r o s t a t i c  discharge of  25,000 VDC from a 50@ p ico farad  capac i to r  
between both p ins  shorted together and t h e  NSI-2 body, i n  accordance 
,w i th  the  requirements of  Paragraph 2.3.1.6 o f  the Statement o f  work. 

The NSI-2 i g n i t e s  and performs a f t e r  being subjected t o  constant 
cu r ren t  t e s t s  described i n  Paragraph 2.3.2.1 o f  the Statement o f  Work. 
The t ime from a p p l i c a t i o n  o f  current  t o  the s t a r t  o f  pressure r i s e  does 
n o t  exceed 5.0 mi l l i seconds and the  t ime from s t a r t  o f  pressure r i s e  t o  
525 P S I  or  peak pressure does n o t  exceed 1.0 mi l l iseconds,  as v e r i f i e d  
i n  Paragraphs 2.13y 2.14 and 2.15 o f  the accompanying t e s t  data. 

The NSI-2 i g n i t e s  and performs a f t e r  being subjected t o  
capaci tor  discharge t e s t s  described i n  Paragraph 2.3.2.2 o f  t h e  
Statement of Work. The t ime from app l i ca t i on  o f  cu r ren t  t o  525 P S I  or  
pea/< pressure dces nst  e,~cepd ! .O milliseconds as iierifierl In Paraaraphs 
2.13y 2.14 and 2.15 o f  the accompanying t e s t  data. 

The pressure outp i l t  f o r  the  NSI-2 i s  3s requi red by P a r q r a p h  
2.3.3 except as noted i n  t h e  d iscuss ion o f  t e s t  r e s u l t s  and the  r e p o r t  
on unresolved problems. 

Generally, t he  uni ts meet the  success c r i t e r i a  f o r  i n d i v i d u a l  
u n i t s  spec i f i ed  i n  Paragraph 4.3.1 o f  the  Statement o f  Work. The design 
and v e r i f i c a t i o n  t e s t s  ou t l i ned  i n  the  NSI-2 Statement of Work have been 
accomplished. 

R O B E R T S  R E S E A R C H  L A B O R A T O R Y  



RESULTS OF VERI F I CAT I ON TEST I NG 
ON 

NASA STANDARD INITIATOR - 2 
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PRE-PRODUCTION THERMAL SHOCK TEST 

T h i s  t e s t  was performed t o  meet r e q u i r e m e n t s  of  S t a t e m e n t  
of work Pa rag raphs  2.2.2 and 4.1.5. 

Date: Februa ry  1 , 1988 

S e r i a l  Numbers: 81 431 0 , D1 -D8 

Method: 

A l l  u n i t s  were g l a s s  s e a l e d .  
were s t a b i l i z e d  a t  ainbieiit t e m p e r a t u r e ,  plunged i n t o  
l i q u i d  n i t r o g e n  t o  lower  t h e  u n i t  t e m p e r a t u r e  t o  -320' F. 
and a l lowed  t o  soak fo r  15 minu tes .  The u n i t s  were 
removed and r e t u r n e d  t o  ambient t empera tu re .  

P r i o r  t o  l o a d i n g ,  u n i t s  

A s h o r t  aluminum t u b e  was used t o  seal  between t h e  t es t  
u n i t  and t h e  h y d r a u l i c  p r e s s u r e  chamber. T h i s  s e a l e d  
between t h e  o u t p u t  end o f  t h e  e lectr ic  i n i t i a t o r  and t h e  
p r e s s u r e  chamber, t h e r e b y  e l i m i n a t i n g  p r e s s u r e  on t h e  
0 r i n g  seal .  
makes t h e  s t r e n g t h  o f  t h e  t h r e a d s  m a r g i n a l  a t  40,000 PSI. 

U n i t s  were t h e n  s u b j e c t e d  t o  a h y d r o s t a t i c  p r e s s u r e  of 
40,000 PSI. No back-up s u p p o r t ,  such  as wrenching f l a n g e  
o r  c o n n e c t o r  s h e l l ,  was used. Water was used as t h e  
h y d r a u l i c  f l u i d .  

The 0 r i n g  acts as  a f o r c e  a m p l i f i e r  and 

R e s u l t s :  

The re  was no a p p a r e n t  l eakage  a t  40,000 PSI. 
were m i c r o s c o p i c a l l y  examined after c o n c l u s i o n  o f  t h e  
h y d r o s t a t i c  p r e s s u r e  tests. There  was no e v i d e n c e  o f  
s t r u c t u r a l  d e g r a d a t i o n  o r  l e a k a g e .  
t ho rough ly  d r i e d  a t  +400° F f o r  one hour .  

A l l  u n i t s  

The u n i t s  were t h e n  

T e s t e d  by 

R R L  Q u a l i t y  Assurance 

C h i e f  E!?girreer 

& - jg/&J+f$) 
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NEUTRON RADIOGRAPHY 

Th is  t e s t  was 
Statement o f  Work Paragraph 4.1 .I .4. 

performed t o  meet the  requirements o f  

Date: February 10, 1988 

S e r i a l  Numbers: A I  -A2, B1 -61 0, C1 -C10, DI-D8, E l  -E2, 
F1 -F4 

Method: 

Un i t s  were subjected t o  neutron radiography per  
Aerotest Procedure A01 001 , Revis ion 8. 

Results: 

Glass-to-metal seals  were sbwn t o  be very poar 
because o f  considerable voids,  p a r t i c u l a r l y  t he  
sea l  between the  charge cup and body. 

Equipment: 

See attached t e s t  repo r t  fqom Aerotest Operations. 

RRL Qua l i t y  Assurance 

Chief Engineer 
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NEUTRO N RAD IOGRA PHY CERT IF ICAT 10 N SHE ET - 

AEROTEST OPERATIONS, INC. 
3455 FOSTORIA WAY SAN RAMON, CALIFORNIA 94583 a (415)866-1212 

1 .  

3. 
5. 

~ 

customer Roberts Research Laboratory 

Date(s) of Exposure 2 / 1 0 / 8 8  

Description of Parts Radiographed: 

2. P.O. No. 13362 

4. FilmType SR-5 

36 ea. NSI-2 Iniitators 

6 .  

7. 

i 8. 

~ 9. 

10. 
11 .  

12 .  
13. 

Handling Of Individual Parts: 

Prernounted by Customer: Yes ( x )  No ( ) 
Serialized by Customer: Yes ( ) No ( X I  

Number of Radiographs in this Lot: 

Or ig  i na I Ex posu res 

Copies 1 Pr in ts  

1 Duplicate Exposures 

Serial Nurnber(s) of Neutron Radiographs /I207874 

Exposure Data : 

Exposure Period 3.2 min. 

Rate of Exposure 9.95 x 10 0.0075 R/se c 
2 

n/cm -sec 6 

S/N's Number of Times Exposed 

/I 20 7 8 74  2 

Method of Neutron Radiography Used i s  

Resolution: Standard (3 mils/inch)* ( X  ) Other ( ) 
Maximum Deviation of Neutron Beam from Perpendicular at Corners of 14" x 17" Radiograph - 2.5O 
Comments: 

Direct 

14. Certification: Radiography per Specification No. ( ) A .  0. 1001, Rev. B 

* Determined by abi l i ty  to 

(Rev. 

absorber interposed bet 



.. 
I 

I -- 

c 

HERMETIC SEAL TEST 

T h i s  test  was performed t o  i n s u r e  u n i t s  meet requirements  
o f  Statement o f  Work Paragraph 2.1.3 when t e s t e d  under t h e  
c o n d i t i o n s  o f  Paragraph 4.1 .? . I .  

Date: February 11 , 1988 

S e r i a l  Numbers : AI -A2, 81 -B10, C1 -C10, D l  -D8,  E l  -E2, 
F1 -F4 

Method: 

Un i t s  were s u b j e c t e d  t o  a p r e s s u r e  of 1 i n c h  Hg a b s o l u t e  
f o r  5 minutes. 
2 atmospheres f o r  15 m i n u t e s .  Helium was then  h e l d  a t  
1 atmosphere u n t i l  t e s t i n g  was performed. U n i t s  cere 
removed from helium enviranment and measi iranent was made 
w i t h i n  5 minutes. 

They were then  s u b j e c t e d  t o  helium a t  

Resul ts :  

Measurements v e r i f i e d  t h a t  t h e  s e a l e d ,  loaded samples 
u n i t s  had no leakage i n  excess  of 5 cc./sec. 
when measured a t  one atmosphere p r e s s u r e  d i f f e r e n t i a l .  

X 10-6 

Equipment: 

Veeco SR-4 Ca l ib ra t ed  Leak 
Veeco MS-9 Leak De tec to r  
Roberts  Research Bombing S t a t i o n  

Tested by 

RRL Q u a l i t y  Assurance 

Chief Engineer 

6~ 
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I N I T I A T I N G  BRIDGE RESISTANCE TEST 

Th is  t e s t  was performed t o  insure  u n i t s  meet requirements 
o f  Statement o f  Work Paragraph 4.1 .I .3. 

Date: February 11 1988 

S e r i a l  Numbers: AI -A2, B1 -61 0 ,  C1 -C10, 01 -De, E l  -E2 

Method: 

Ohmmeter leads were soldered t o  Bendix PT connector and the  
ohmmeter was zeroed w i th  a u-shaped copper sho r t i ng  p i n  
plugged i n t o  the connector. 
a res is tance o f  1.05 k 0.10 ohms. 

Un i t s  were requ i red  t o  have 

Results: 

SERIAL 
NijivlBER 

A I  
A2 
61 
82 
83 
84 
65 
B6 
87 
88 
B9 
B1 0 

Equipment: 

GHiviS 

0.96 
1.02 
I .IO 
0.96 
1.05 
0.97 
0.98 
1.12 
1 .IO 
1.12 
1.08 
1 . I 3  

Hickok M u l L n e t e r  Mock 

SERIAL SERTi!L 
NLlMBER OHMS NUMBER 

c1 
c2 
c3 
c4 
c5 
C6 
c7 
C 8  
c9 
c10 
D1 
D2 

xx33 

0.95 
0.96 
1.01 
I .03 
0.98 
0.99 
0.96 
1.08 
1 .I1 
1.02 
1.03 
1 . I 5  

D3 
D4 
D5 
D6 
D7 
08 
E l  
E2 
F1 
F2 
F3 
F4 

h e  - 

Tested by m& 
RRL Qua l i t y  Assurance - 

Chief Engineer 

OHMS 

I .a9 
1.03 
1 .I1 
1.09 
1.01 
1 .I1 
0.97 
1 . I3  
1.01 
0.97 
0.99 
1.04 
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INSULATION RESISTANCE TEST 

This t e s t  was performed i n  accordance w i t h  Statement o f  
Work Paragraph 4.1.1.2 t o  insure t h a t  t he  uni ts met the  
performance c r i t e r i a  ou t l ined  i n  Paragraph 2.3.1.5. 

Date: February 11, 1988 

S e r i a l  Numbers: A I  -A2, B1 -E1 0, C1 -C10, D1 -D8, E l  -E2, 
F1 -F4 

Method : 

One lead o f  megohmmeter was soldered t o  both sockets 
o f  a Bendix PT connector and plugged i n t o  the  unit .  
The other lead had an a l l i g a t o r  c l i p  at tached and 
was connected t o  the  f lange o f  t he  NSI-2 unit. 
250 v o l t s  DC was appl ied f o r  15 seconds between 
p ins  and case. I n s u l a t i o n  res is tance was measured. 

Results: 

SER I Ai SERIAL SERIAL 
NUMBER MEGOHMS NUMBER MEGOHMS NUMBER MEGOHMS 

A I  
A2 
81 
82 
83 
84 
B5 
86 
87 
88 
B9 
B1 0 

5.8 x I O ’  C1 3.3 x 102 
3.0 x i o 4  cz 7.4 x 103 
7.2 x 103 c3 2.1 x 103 
6.7 x 103 CCI 3.9 x 103 

2.1 x I O 4  C6 5.6 x 103 
2.6 x 103 c7 2.1 x 104 
7.3 x I O 2  C9 4.7 x 103 
9.6 x 102 C9 6.1 x 103 
1.2 x 104 CIO 8.2 x 103 
8.6 x I O 3  D l  1.6 x 103 
6.5 x I O 3  D2 3.8 x 103 

8.1 x I O 2  C5 8.7 x I O 2  

D3 2.9 x i o 3  
04 1.0 x 104 
D5 4.6 x 103 
D6 8.2 x 103 
D7 8.3 x i o 3  
DE 7.7 x i o 3  
E l  2.3 x 104 
E2 5.6 x 103 

F2 3.2 x 103 
F3 4.7 x 103 

F1 6.8 x I O 3  

F4 1.6 x I O 4  

Un i t s  met the  requirement f o r  a m i n i m u m  of two megohms 
i n s u l a t i o n  resistance. 

Equipment: 

MEGCHEK High Range Megohmmeter Associated Research Model 2802D 

Tested by 

RRL q u a l i t y  Assurance 

Chief  Engineer 
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ELECTROSTATIC SENSITIVITY TEST 

T h i s  t e s t  was performed t o  meet t h e  r equ i r emen t s  o f  
S ta tement  o f  Work Paragraph 4.1.1.5. 

Date: February 11, 1988 

S e r i a l  Numbers: AI -A2, 81 -B1 0, C1 -C10, D1 -D8, E l  -E2, 
F1 -F4 

Method: 

Loaded u n i t s  were s u b j e c t e d  t o  a n  e l e c t r o s t a t i c  d i s -  
cha rge  of  25,000 v o l t s  DC from a 500 p i c o f a r a d  capa- 
c i t o r  between both  p i n s  s h o r t e d  t o g e t h e r  and t h e  
i n i t i a t o r  body. 
F i g u r e  3 o f  S ta t emen t  o f  Work. 
1 0  times per  u n i t .  

Test se t -up  was i n  acco rdance  wi th  
Cyc le  was r e p e a t e d  

U n i t s  d i d  n o t  f i r e  o r  dud. 

Equipment: 

Spellman High Vol tage  Power Supply. 
Ki lovac  Model H-35/115 VDC High Vol tage  Relay 
Plast ic  C a p a c i t o r  Model OF300-501 500 p i c o f a r a d  30KVDCW 

Model RHC30PF30 

Tes ted  by 

RRL Qual . i t y  Assurance - 

Chief Engineer  
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MAXIMUM NO-FIRE CURRENT TEST and 
MAXIMUM NO-FIRE POWER TEST 

This t e s t  was performed t o  meet the  requirements o f  
Statement o f  Work Paragraphs 2.3.1.1 and 2.3.1.2. 

Date: February 19, 1988 

S e r i a l  Numbers: FI-F4 

Method: 

Un i t s  were subjected t o  1 amp constant cu r ren t  f o r  
f i v e  minutes a t  +300° F w i th  the i n i t i a t o r  suspended 
by a 0.020" diameter wi re through the l ock  w i r e  hole. 

The vo l tage drop across the  br idge was measured, 
a l low inq  c a l c u l a t i o n  o f  the  br idge res is tance a t  t h e  
high temperature. 

Results: 

I n  a l l  cases, the  res is tance exceeded 1 ohm. There- 
fore,  the u n i t s  were tested a t  1 amp and a t  i n  excess 
o f  1 wat t  a t  t h e  same time t o  f u l f i l l  the  requirements 
o f  Paragraphs 2.3.1.1 and 2.3.1.2. 

Equipment: 

Constant Current Power Supply PSGBR E & R Development 

Tested by 

RRL Qua l i t y  Assurance 

Chief Engineer 
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CONTINUITY CURRENT TEST 

This t e s t  was performed t o  meet the  requirements o f  
Statement o f  Work Paragraphs 2.3.1.3. 

Date: February 19, 1988 

S e r i a l  Numbers: F1 -F4 

Method: 

Units were subjected t= 25 app l i ca t i ons  o f  a 50 m i l l i -  
ampere pulse wi th  a durat ion o f  one minute per pulse 
through the  i n i t i a t i n g  bridge. 

Results: 

There was no evidence o f  degradation. 

Equipment: 

Constant Current Power Supply PSGBR E & R Development 

Tested by v%d&a+M 
RRL Qua l i t y  Assurance 

Chief  Engineer 
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AUTOIGNITION TEST 

Th is  t e s t  was performed t o  i nsu re  uni ts meet requirement 
of Statement of Work Paragraph 2.2.3. 

Date: February 11, 1988 

S e r i a l  Numbers: A I  -A2 

Method: 

Units were placed i n  temperature chamber a t  400° F. 
fo r  one hour. Units were then examined f o r  evidence 
o f  premature i g n i t i o n .  

Results: 

Units showed no s igns  of degradation. 

Equipment: 

Missimer Chamber FTI-100 
Leeds Northrup Potentiometer Copper Constantan 

Tested by 

RRL Qua l i t y  Assurance 

Chief  Engineer 
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TEMPERATURE CYCLING TEST 

This t e s t  was performed t o  i nsu re  u n i t s  meet the  requirements 
o f  Statement o f  Work Paragraph 2.2.1.1.2.b. 

Date: February 11 9 1988 

S e r i a l  Numbers: 81 -61 0, c1 -c10 

Method: 

Un i t s  were placed i n  Missimer tempera-me c,,amber a t  
+300° F, removed and immediately placed i n  Associated 
temperature chamber a t  -260O F. The r a t e  o f  change 
o f  temperature was a t  l e a s t  2000 F per minute. This  
cyc le  was repeated twenty times. 

Resul ts : 

TI 

1 !!ere was n u  evidence o f  degradation a f t e r  completion o f  
twenty cycles. 

Equipment: 

Missimers Temperature Chamber FTI-100 
Modif ied Associated Temperature Chamber Model SK-2101 

Tested by 

RRL Qua l i t y  Assurance 

Chief Engineer 
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SHOCK TEST 

This  t e s t  was performed t o  insure  uni ts meet requirements 
of Statement of Work Paragraph 2.2.1.2.1, 

Date: February 12, 1988 

S e r i a l  Numbers: A I  -A2, 81 -81 0, C1 - C l O ,  D1 -DE, E l  -E2, F1 -F4 

Method: 

Units were subjected t o  a sawtooth shock procedure 
o f  100 GIs w i t h  an 11 mi l l isecond r i s e  and a 1 m i l l i -  
second delay. 
th ree  mutual ly  perpendicular axes. 

Test was repeated th ree  t imes i n  each o f  

Results: 

TL - 
I I w e  m s  no evidence o f  degradat ion.  

Equipment: 

See attached t e s t  report 533-8201 from Nat iona l  Techni- 
c a l  Systems. 

RRL q u a l i t y  Assurance 

Chief  Engineer 
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Repor t  No. 533-8201 
P. 0. No. 13364 
Date: 15 February 1988 

Los Anqeles Faci  1 i t y  
13 Page Repor t  

Rober ts  Research L a b o r a t o r y  
23150 Kashiwa Cour t  
Torrance, Cal i f o r n i  a 90505-4027 

TEST UNITS 

N S I ' S ,  P a r t  Number NSI-2, S e r i a l  Numbers A l ,  A2, B! through B10, C 1  through 
- C-10, D 1  th rough  D8, E l ,  E2, and F 1  th rough  F4 ( Q u a n t i t y  36) 

SUMMARY 

T h i s  r e p o r t  c e r t i f i e s  t h a t  t h e  t e s t  u n i t s  i d e n t i f i e d  above have been sub jec ted  
t o  t h e  Shock and Random V i b r a t i o n  Tests i n  accordance w i t h  t h e  above-mentioned 
purchase o r d e r  and Attachment A t o  the purchase o rde r .  V i sua l  examina t ion  a t  
t h e  c o n c l u s i o n  o f  bo th  t e s t s  revea led  no evidence o f  p h y s i c a l  damage t o  t h e  
u n i t s  due t o  t h e  shock and v i b r a t i o n  exposures. 

TEST EQUIPrYlENT 

NTS No. Manufacturer  

Shock Tes t  

D5L B a r r y  C o n t r o l s  
D59L Endevco Corp. 
D487L Unho l t z  D i c k i e  
D581L Stephens T ruson ic ,  I nc .  
D582L NTS 
D624L Rock1 and 
E209L T e k t r o n i x ,  I nc .  
E210L T e k t r o n i x ,  I nc .  
E609L T e k t r o n i x ,  I nc .  

Random V i b r a t i o n  Tes t  

D84L 
D228L 
D483L 
D635L 
D652L 
D660L 
D684L 
ENV152L 

- 

- 

M. 8. E l e c t r o n  
B rue l  & K j a e r  
Unho l t z  D i c k i e  
T e k t r o n i x ,  I n c  
B rue l  & K j a e r  
L i n g  
Unho l t z  D i c k i e  
John F l u k e  

cs 

Ins t rumen t  

Shock Tes t  Machine 
Accelerometer 
Charge A m p l i f i e r  
V i b r a t i o n  E x c i t e r  
A m p l i f i e r  
F i  1 t e r  
Storage Osci 1 loscope 
Dual Trace P l u g - I n  U n i t  
Osci 1 loscope Camera 

V i b r a t i o n  E x c i t e r  
Vol tmeter  
Charge A m p l i f i e r  
Osc i l l oscope  
Acce 1 erome t e r  
Afip? i f i  e r  
D i g i t a l  C o n t r o l  System 
D i g i t a l  Thermometer 

Model No. 

VP-150 
2224C 
D22 PMS LT 
STlOA 
None 
45 2 
54 9 
1 A l  
c5c 

&is0 
2416 
D2 2 PMSLT 
2213A 
4368 
120/150 
400AT 
2i65i\-J 

NOTE: The t e s t  equipment s p e c i f i e d  above was c a l i b r a t e d ,  as requ i red ,  i n  
accordance w i  t h  MIL-STD-45662, N o t i c e  3, w i t h  t r a c e a b i  1 i ty  t o  t h e  
N a t i o n a l  Bureau o f  Standards. The NBS t r a c e a b i l i t y  r e c o r d s  are ma'in- 
t a i n e d  on f i l e  i n  t h e  NTS/Testing D i v i s i o n  Q u a l i t y  C o n t r o l  O f f i c e .  
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Report No. 533-8201 

TEST P R O C E D U R E S  A N D  TEST RESULTS 

Shock Test 

Date Performed: 12  February 1988 
- The NSI'S, ident i f ied above, were simultaneously i n s t a l l e d  in a t e s t  f i x t u r e  and 

were mounted on the shock t e s t  machine. The NSI'S were subjected t o  one shock 
pulse i n  each of the three major orthogonal axes. Each shock pulse had an 
amplitude of 100 g ,  a duration of 11 ms, and approximated a terminal peak 
sawtooth shape. 

9 

The Polaroid photographs of the shock pulses are presented i n  t h i s  report  i n  
Appendix 1. Visual examination a t  the conclusion of t e s t i n g  revealed no evi-  
dence of physical damage t o  the units due t o  the shock exposure. 

Random Vi bration Test 

Date Performed: 12 February 1988 

The NSI 'S,  ident i f ied  above, were simultaneously i n s t a l l e d  in a t e s t  f i x t u r e  and 
were mounted on the vibration exciter.  The units were subjected t o  s ix  minutes 
a n d  f i v e  minutes of random vibration t e s t i n g  a t  temperatures of -65°F (-53.9"C) 
and -260°F (-162"C), respect ively,  a t  the following i n t e n s i t i e s :  

Frequency (Hz ) In tens i ty  (g2/Hz ) 

60 - 
100 - 
350 - 
600 - 

1000 i 
2000 

Overal 

20 
20 - 40 
40 - 60 

100 
350 
600 
1000 
2000 

10 
10 - 

100 - 
400 - 

2000 

Acceleration: 57.71 

-260°F (-i62"C) 

0.2 

0.4 

1.0 

3.0 

0.6 

Logarithmic Increase 

Logarithmic Increase 

Logarithmic Increase 

Logari thmi c Decrease 

grms 

e. 01 
100 Logarithmic Increase 
400 0.80 
2000 Logarithmic Decrease 

0.16 
Overall Acceleration: 27.97 grms 
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Repor t  No. 533-8201 

TEST PROCEDURES AND TEST RESULTS (CONT.) 

Random V i b r a t i o n  Test  (Cont. 1 

One a x i s  o f  t e s t i n g  was completed a t  bo th  l e v e l s  and temperatures p r i o r  t o  r o t a -  
t i o n  t o  t h e  subsequent ax i s .  Tes t i ng  was performed i n  each of t h e  t h r e e  major  
o r thogona l  axes. 

- 

- The PSD p l o t s  are presented i n  t h i s  r e p o r t  i n  Appendix 2. V i sua l  examina t ion  a t  
t h e  c o n c l u s i o n  of t h i s  p o r t i o n  o f  t e s t i n g  r e v e a l e d  no evidence o f  p h y s i c a l  
damage t o  t h e  u n i t s  due t o  t h e  random v i b r a t i o n  exposure. 

94 Id- 98 
Reviewed and Approved by Edmund T. Watts, Program Manager Date 

A 2 -) 6 -rb 
5 h m i  d t ,  Qua l  i t y  Assurance Manager Date 
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APPENDIX  1 

Po l  a r o i d  Photographs 

o f  

Shock Pulses 

~ ~~ 

Report  No.. 533-8201 
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CALI BRAT I ON 

R e p o r t  No. 533-8201 

H o r i z o n t a l  S e n s i t i v i t y :  
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RANDOM VIBRATION TEST (-65' F )  
I 

Th is  t e s t  was performed t o  insure t h a t  uni ts meet the  
requirements of Statement of Work Paragraph 2.2.1.3.1. 

Date: February 12, 1988 

S e r i a l  Numbers: A I  -A2, B1 -B10, C1 -CIO, D1 -D10, E l  -E2, 
F? -F4 

Method: 

Units were subjected t o  random v i b r a t i o n  a t  -65 ' F 
i n  three orthogonal axes according t o  the  schedule 
described i n  the  attached t e s t  repor t .  

Results: 

There was no evidence o f  degradation. 

Equipment: 

See at tached t e s t  r e p o r t  533-8201 f r o m  Nat iona l  Techni- 
c a l  Systems. 

RRL Qua l i t y  Assurance 

Chief  Engineer 
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RANDOM VIBRATION TEST (-260' F) 

I -  

This t e s t  was performed t o  insure t h a t  u n i t s  meet the  
requirements o f  Statement o f  Uork Paragraph 2.2.1.3.2. 

Date: February 12, 1988 

S e r i a l  Numbers : A I  -A2, 81 -B10 C1 -C10 D1 -DE E l  -E2, 
F1 -F4 

Method: 

Un i ts  were subjected t o  random v i b r a t i o n  a t  -260 ' F 
i n  three orthogonal  axes according t o  the  schedule 
described i n  the attached t e s t  repor t .  

Resul ts : 

There was nc! evidence o f  degradation. 

Equipment: 

See attached t e s t  repo r t  533-8201 from Nat iona l  Tech- 
n i c a l  Systems. 

RRL Qua l i t y  Assurance - 
Chief Engineer 
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HUMIDITY 

Because the units contain a pyrotechnic mixture of 
a zirconium/potassium perchlorate t ype ,  the humidity test 
described in Paragraph 2.2.1.4 of the Statement of Work 
is not required. 
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FIRING TESTS (ANBIENT) 

These t e s t s  were performed t o  insure  t h a t  u n i t s  meet the  
requirements o f  Statement c f  Work Paragraph 4.1.2. 

Date: February 16, 1988 

S e r i a l  Numbers: A I  -A2 

Method: 

U n i t  was placed i n  NASA 10  CC. bomb and soaked a t  ambient 
temperature u n t i l  f i v e  minutes a f t e r  at tached thermocouGle 
reached 700 F. Unit was then f i r e d  and t ime from appl ica-  
t i o n  o f  e l e c t r i c a l  power t o  pressure reaching 525 P S I  was 
recorded. 
t o  peak pressure were a l so  recorded. 

Peak pressure and t ime from app l i ca t i on  o f  power 

Results: 

SERIAL SOURCE AND TIME TO PEAK " i m E  TU 
525 P S I  PRESSURE PEAK PRESSLiFiE 

( P S I )  i w . 1  
NUMSER PGIAER APPLIED 

(;i s.i 
A I  C .  C. - 3.5 A 875 590 1,010 
A2 c. C. - 20 v 250 533 270 

C. C. = constant cur ren t  mode 
C. D. = capaci tor  discharge mode 

Equipment: 

10 CC. Bomb per  SEB 2610021 I'Dff 
Pressure Transducer K i s t l e r  Model 60182 
Dual Mode Amp l i f i e r  K i s t l e r  Model 504E4 
Osci l loscope N ico le t  Model 4094 
NASA Standard F i r i n g  Uni t  
Hewlet t  Packard P l o t t e r  Model 7470A we ,- Tested by 

RRL Qua l i t y  Assurance - 
Chief Engineer . .-. - 
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FIRING TESTS (-260' F) 

These t e s t s  were performed t o  insure  t h a t  u n i t s  meet the  
requirements o f  Statement o f  Work Paragraph 4.1.3. 

Date: February 17, 1988 

S e r i a l  Numbers: E l  - B l O  

Method: 

Uni t  was placed i n  10 CC. bomb and soaked a t  temperature 
a t  -260' F u n t i l  f i v e  minutes a f t e r  t he  thermocouple 
reached -260' F. Uni t  was then f i r e d  and t ime from 
app l i ca t i on  o f  power t o  pressure reaching 525 P S I  
was recorded. Peak pressure and t ime from a p p l i c a t i o n  
o f  power t o  peak pressure were a lso  recorded. 

Results: 

SER I AL SOURCE AND TINE TO PEAK TIME TO 
NUMBER POWER APPLIED 525 P S I  PRESSURE PEAK PRESSURE 

(US. ) (PSI )  (US., 1 

B1 
02 
83 
84 
85 
B6 
87 
88 
69 
I31 0 

C. C. - 5 A 
c. c. - 5 A 
C. C. - 5 A 
C. C. - 22 A 
c .  c .  - 22 A 
C .  D. - 20 V 
C. 0. - 20 V 
C .  D. - 20 V 
C. D. - 40 V 
C .  D. - 40 V 

550 
61 0 
485 
140 
135 
135 
695 
305 
235 
435 

829 
822 
878 
624 
74s 
859 
871 
862 
935 
907 

C. C. = constant cur ren t  mode 
C. D. = capaci tor  discharge mode 

Equipment: 

10 cc. Bomb per  SEY 2610021 "0" 
Pressure Transducer K i s t l e r  Model 60182 
Dual Mode Ampl i f ier  K i s t l e r  Model 504E4 
Osci l loscope N i c o l e t  Model 4094 
NASA Standard F i r i n g  Uni t  
H e w l e t t  Packard Plzltter Mode? 747OA 

Tested by 

RRL Q u a l i t y  Assurance 

Ch ie f  Engineer 

6 35 
660 
540 
395 
240 
180 
745 
355 
335 
480 
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FIRING TESTS (+300° F. 

These t e s t s  were performed t o  insure  u n i t s  meet requirements 
o f  Statement o f  Work Paragraph 4.1.4. 

Date: February 1 9 ,  1988 

S e r i a l  Numbers: C1  -C10 

Method: 

U n i t  was placed i n  10 cc bamb and soaked a t  a temperature 
o f  +300° 
+300° F. Uni t  was then f i r e d  and t ime from a p p l i c a t i o n  
o f  e l e c t r i c a l  power t o  pressure reaching 525 P S I  was 
recorded. 
t o  peak pressure was a l so  recorded. 

F. u n t i l  f i v e  minutes a f t e r  thermocouple reached 

Pezk pressme and t ime from a p p l i c z t h n  o f  power 

Results: 

SERIAL SOURCE AND TIME TO PEAK TINE TO 
NUMBER POWER APPLIED 525 P S I  PRESSURE PEAK PRESSURE 

(US. i i p s 1  j h S . )  

c1 
C2 
c3 
c4 
c5 
C6 
c7 

c9 
c10 

ca 

C. C. - 3.5 A 
C .  C. - 3.5 A 
C. C. - 3.5 A 
c. c. - 22 -9 
c .  c .  - 22 A 
C.'D. - 20 V 
C. D. - 20 V 
C .  D. - 20 V 
C. D. - 50 \I 
C .  D. - 40 V 

lt905 
jt870 

jtl ,I 60 
275 

"425 
%OO 
j6360 
"450 
jt305 
"300 

C.C. = constant c u r r m t  mode 
C.13. = capaci tor  discharge mode 

See discussion o f  t e s t  resu l ts .  

Equipment: 

10 cc. Bomb per  SEB 2610021 'rDrr 
Pressure Transducer Kistlei  Model 60182 
Dual Node Amp l i f i e r  K i s t l e r  Modei 504E4 
Osci l loscope Nicole% 4094 
NASA Standard F i r i n g  U n i t  
Hcwlet t  Packard P l o t t e r  7470A 

456 
455 
459 
763 
41 9 
473 
51 2 
447 
509 
493 

90s 
8'7ci 

1,160 
300 
425 
500 
36C 
450 
305 
300 

Tested by 

RRL Qua l i t y  Assurance 

Chief  Engineer 
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DISCUSSION OF TEST RESULTS 

... 

The Roberts Research Laboratory NSI-2 performed very w e l l  i n  the  
environmental and performance tes ts  requi red by the  Statement o f  Work. 
There are  two matters, however, which requ i re  explanantion. 

After NASA returned two u n i t s  from t h e  -450' F detonator shock 
t e s t s  performed i n  accordance w i th  Paragraph 2.2.1.2.2, the  u n i t s  were 
disassembled and examined. One u n i t  had a broken b r idge  c i r c u i t  and was 
no t  functioned. The other f a i l e d  t o  func t i on  i n  constant cur ren t  mode. 

Upon c a r e f u l  disassembly and d i sso l v ing  ou t  o f  the  base charge 
wi th  acetone by u l t r a s o n i c  methods, we found t h a t  t h e  s i l i c o n e  binder 
pr imer composition was i n t a c t  and r i g i d l y  b ~ n d e d  tc t h e  base =f t h e  
charge cup. 

We concluded, based upon our examination, that. the primer 
composition d i d  wi thstand -450' F detonator shock and remained 
tenaciously a f f i x e d  t o  t h e  deposited br idge and charge cup. 

On the unit a.#;Ck u)LLII C '  ,ne broken bridge, t h e  .Large diamztei- thii-, wall 
glass sea l  between the  charge cup and body was very poo: and war; n o t  
t r u l y  bonded t o  the charge cup. This  was caused by us ing  a glass t h a t  
had a higher fus ing  p o i n t  than the remainder o f  the  g lass beads used (i. 
e.: the p i n  t o  body g lass seal ) .  

The glass beads o f  the proper composition, the  one we wished t o  
use, were drawn t o  an i nco r rec t  size, so we temporar i ly  subs t i tu ted  
KG-12 beads drawn t o  the  cor rec t  s i z e  so t h a t  we might f i n i s h  the  
p r o j e c t  as qu ick l y  as possible. 

g lass 

The other  problem involved gross e r r o r s  i n  pressure readings on 
u n i t s  f i r e d  a t  h igh  and low temperatures. We mistakenly torqued the 
K i s t l e r  pressure ' t ransducer adaptor i n t o  the pressure bomb a t  the  same 
torque we used t o  sea l  the pressure transducer i n t o  the  adaptor (25 i nch  
pounds). The torque on the  adaptor t o  bomb connection should have been 
125 inch  pounds. This  resu l ted  i n  undetected leaks i n  shots a t  both 
h i g h  and low temperatures. 

Inasmuch as the output ma te r ia l  (z i rconium and potassium 
perch lo ra te )  produces very l i t t l e  gas b u t  very h igh  temperatures, the  
peak pressure i n  the  bomb is h i g h l y  dependent upon t h e  quant i ty o f  yds 
i n  the  bomb a t  the  t ime o f  f i r i n g .  A t  t he  low temperatures (-260' F ) ,  
the i n  the  bomb dropped below atmospheric prFssure and nut sic!^ 
a i r  leaked in ,  g i v i n g  aDDroximatelv 2.65 t imes as much a i r  i n  the  homh 
as This resul ted i n  an average pressure reading o f  
approximately 850 PSI ins tead o f  650 PSI .  

pressure 

i s  present a t  7 C 0  F. 
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I n  the case o f  the high temperature u n i t s  (+300° F), t he  
pressure i n  the  bomb went up as a r e s u l t  o f  gas expansion and leaked 
out, g i v i n g  approximately 70% as much a i r  i n  the  bomb as i s  present a t  
700 F. Therefore, when the NSI-2 functioned, the  r e s u l t i n g  pressure 
measurements were approximately 450 P S I  instead o f  the  an t i c ipa ted  650 
PSI.  

There are  some exceptions. Test u n i t s  84 and BS were f i r e d  a t  
-2600 F a t  22 amps. Due t o  the  r e l a t i v e l y  h igh  vo l tage used t o  
s t a b i l i z e  the 22 amp constant current,  an e l e c t r i c  a rc  formed between 
p i n  and charge cup and between charge cup and i n i t i a t o r  ground (or 
body), causing what appears t o  be a ground loop. Th is  caused the  
pressure transdiucer t n  read a lower pressurp. This was tes ted  and 
proved by purposely p u t t i n g  e l e c t r i c a l  p o t e n t i a l  t o  the  bomb. Test 
u n i t s  E9 and B I O ,  f i r e d  a t  40 v o l t s  capaci ty discharge, d i d  somewhat the  
same t h i n g  b u t  i n  the  opposite d i rec t ion .  

Test un i t  C4, f i r e d  a t  +300° F and 22 amps constant current,  d i d  
the same t h i n g  f o r  the same reason, except t h a t  t he  pressure reading 
went  up instead o f  G G ~ .  

This  a rc ing  shows up i n  the t ime pressure curves. we would hve 
expected u n i t  C5 t o  do the same t h i n g  as u n i t  C4 bu t  i t  d i d  n o t  f o r  
unknown reasons. 

1 ROBERTS R E S E A R C H  LABORATORY 



FINAL STATUS - AND RECOMMENDED ACTIONS -- 
We have developed a u n i t  which meets a l l  the requirements o f  t he  

Statement o f  Work; however, the  u n i t s  tes ted  had a very poor 
glass-to-metal sea l  betueen body and charge cup. This was because we 
considered i t  r e l a t i v e l y  unimportant and used an avai lab le,  m-hand 
glass tube o f  KG-12 glass. The KG-12 tubes d i d  n o t  sea l  w e l l  a t  t he  
temperatures requi red f o r  the other  glass-to-metal  seals. We should 
have a d i f f e r e n t  g lass tube drawn bu t  i t  would have en ta i l ed  making 
t e n  pounds o f  g lass and sending i t  t o  an outs ide manufacturer t o  be 
drawn i n t o  tub ing  and cu t  t o  length  w i t h  an a d d i t i o n a l  two t o  th ree  
weeks delay. 

had 

Because o f  t h e  poor seals, detonat ion shock a t  -450' F moved 
thc charge u p  app ioxha te l y  0.0133'' and damaged the br idge on one u n i t  
t o  the extent  o f  completely opening the c i r c u i t  and damaged another 
s u f f i c i e n t l y  decrease the contact  w i t h  the p i n  t o  the p o i n t  t h a t  t he  
u n i t  d i d  no t  f unc t i on  a t  -450' F. A proper g lass sea l  would have 
preuented t h i s  problem. It should be noted, however, t h a t  the  s l u r r i e d  
pr i r ier  composition remained tenaciously bonded t o  the  br idge and charge 
cup e f t e r  detonator shock a t  -450' F. 

t o  

However, our analys is  o f  the data we obtained dur ing  
v e r i f i c a t i o n  and from f u r t h e r  tes t ing ,  hie now f e e l  c e r t a i n  we should 
have had only oae br idge area instead o f ,  i n  e f fec t ,  two br idges i n  
series. The ra the r  h igh  c o e f f i c i e n t  o f  thermal r e s i s t i v i t y  o f  t i t a n i u m  
resu l ted  very l o w  br idge r e s i s t w c e  a t  -450' F which meant t h a t  very 
l i t t l e  the i npu t  e l e c t r i c a l  power uas d iss ipa ted  i n  the br idge f i l m ,  
p a l t i c u l a r l y  at, 20 v o l t  capacity discharge. Most o f  the power was 
d iss ipated i n  the swi tch contacts o f  the f i r i n g  box and i n  the lead 
wires. 

i n  
o f  

Had we used a s ing le  br idge wi th  one p i n  welded d i r e c t l y  t o  the  
ck,arge cup, lile would have obtained fou r  t imes the  power per u n i t  
thickness i n  the  brd ige  t h a t  we obtained when we tes ted  the v e r i f i c a t i o n  
u n i t s  a t  -450' F. 

This would g ive  c e r t a i n t y  o f  f i r i n g  i n  a few hundred 
oicrosecmds a t  -450' F. ?he disadvantage is t h a t  it wuuid increase 
power d iss ipa ted  by a fac to r  o f  4 a t  +300' F i n  the no- f i re ,  1 watt,  1 
amp condi t ion.  Our t e s t s  show the s i n g l e  t i t an ium br idge i s  no t  capable 
0.: d iss ipa t i ng  t h i s  power f o r  f i v e  minutes wi thout  f i r i n g .  

I n  analyzing t h e  power d iss ipa ted  a t  3.5 amps a t  -450' F, +70' F 
and +30Oo F and a t  ? amp a t  i-300" F, we obtained the  r e s l i i t s  shown i n  
Table I. 
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TABLE I 
CALCULATED POWER D I SS I PAT I ON PER UN I T TH I CKNESS 

I N  BRIDGE FILM 

DClUBLE BRIDGE 
I N  SERIES 

3.5 A 

-450' F 
+70n F 

+3fip F 

SINGLE BRIDGE 
3.5 A 

-450' F 
+70° F 

+300° F 

DOUBLE BRIDGE 
I N  SERIES 

1 A - NO F I R E  

+300° F 

- I 4  STYGLE B R I D E  
1 A - NO F IRE 

+300° F 

T I TAN I UM STAINLESS INCONEL 600 NICROME V 

WATTS K - l  WATTS K - l  WATTS K-' WATTS K - l  
304 

0.392 
3.063 
4 . 6 3  

1.568 
12.250 
18.547 

1.232 1.205 1 .I48 
1 :is1 1.250 I .692 

1 .E95 ! .LIO I .L ! ' J  
I .̂I 1 -- 

4.948 4.820 4.593 
6.806 5.000 6.765 
7.622 5.079 4.840 

0.3785 . 0.1547 0.1 037 0.0988 

1.5140 
c 

1 NOTE: K - l  = 
CONSTANT 

0. E222 0.4146 0.3951 
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I n  o r d e r  o f  d e s i r a b i l i t y ,  t h e  Nichrome V g i v e s  a l m o s t  c o n s t a n t  
power d i s s i p a t i o n  from -450' F t o  +300° F a t  3.5 amps. O t h e r  t h a n  
t i t a n i u m ,  g i v e s  t h e  l o w e s t  power p e r  u n i t  t h i c k n e s s  of t h e  materials 
t e s t e d  a t  +300° F ,  no f i r e .  

it 

For  t h e  u n i t  t o  f u n c t i o n .  p r o p e r l y ,  t h e  b r i d g e  must b e  o f  a 
c e r t a i n  t h i c k n e s s .  If it is less t h a n  t h a t  t h i c k n e s s ,  t h e r e  w i l l  b e  
i n s u f f i c i e n t  energy p e r  u n i t  a r e a  t o  i n i t i a t e  p r i m e r  composi t ion.  If 
t h e  b r i d g e  is t o o  t h i c k ,  it w i l l  n o t  respond q u i c k l y  enough t o  meet t h e  
i n i t i a t i n g  time requ i r emen t s .  T h i s  , t h i c k n e s s  i n  o u r  c o n f i g u r a t i o n  

c a p p e a r s  t o  b e  around 6000 t o  9000 A. Tha t  was t h e  t h i c k n e s s  used t o  
c a l c u l a t e  T a b l e  I. 

m 

From T a b l e  I ,  i t  a p p e a r s  we must have a t  l eas t  1.25 watts times 
n-1 For a good margin 
o f  safety, 4 t o  5 watts times K" is  d e s i r a b l e .  Using t i t a n i u m ,  t h e  
doub le  b r i d g e  i n  series h a s  a c a l c u l a t e d  power d i s s i p a t i o n  of 0.392 
which means t h e  u n i t  is u n l i k e l y  t o  f i r e  a t  20 v o l t s  c a p a c i t y  d i s c h a r g e  
a t  -450' F; i n  fac t ,  one o f  t h e  v e r i f i c a t i o n  u n i t s  f a i l e d  t o  f i r e  unde r  
t h o s e  c i r cums tances .  From Table  I ,  it is e v i d e n t  t h a t  none o f  t h e  f o u r  
materials ( t i t a n i u m ,  304 s t a i n l e s s  s teel ,  I n c o n e l  600 and Nicrome V )  
g i v e  s u f f i c i e n t  energy t o  r e l i a b l y  i g n i t e  a t  -4" F when used as a 
d o u b l e  b r i d g e  i n  series. 

1 1 - 1  o f  power p e r  u n i t  t h i c k n e s s  f o r  n i g h  re i iab i l i ty .  

On t h e  s i n g l e  b r i d g e  system, it is a p p a r e n t  t h a t  t h e  t i t a n i u m  
The 304 s t a i n l e s s  

I n c o n e l  600 and Nicrome V would a l l  f u n c t i o n  ve ry  r e l i a b l y  w i t h  a 
would 
s tee l ,  
s u p e r i o r  s a f e t y  margin. 

j u s t  be  s l i g h t l y  above marg ina l  i n  performance. 

The o t h e r  a s p e c t  which must b e  c o n s i d e r e d  is  t h e  b r i d g e  a t  1 
amp, 1 watt and +300° F. I n  the  doub le  b r i d g e  i n  series c o n f i g u r a t i o n  
a t  +300°and 1 amp, power d i s s i p a t i o n  was 0.3785; t h i s  was t e s t e d  i n  o v e r  
100 u n i t s  and worked ve ry  n i c e l y .  The 304 s t a i n l e s s  s t ee l ,  I n c o n e l  600 
and V i n  d o u b l e  b r i d g e  c o n f i g u r a t i o n  are a l l  c o n s i d e r a b l y  lower  
t h a n  t i t a n i u m  and would p a s s  t h e  n o - f i r e  r e q u i r e m e n t s  w i t h o u t  
d i f f i c u l t y .  

Nicrome 

I n  t h e  s i n g l e  b r i d g e  c o n f i g u r a t i o n  a t  1 amp, n o - f i r e  and +300° 

of t h e  time. The 304 s t a i n l e s s  steel, I n c o n e l  600 and Nicrome V are low 
enough t o  p a s s  t h e  n o - f i r e  requirement .  However, t h e  Nicrome V h a s  t h e  
l a r g e s t  margin of s a f e t y  w i t h  Incone l  600 nex t .  

F, +hn +:Gem:,.- . a - -  4 C 4 I .  TL' 
bI t L .  I r l  Lai llulll u1aa 1 .a i Lt. 1 1 t i5  is too h i g h  ai-1~1 f i r e s  apprwxima t e i y  70% 

" 

O u r  c o n c l u s i o n s  are t h a t  t h e  304 s t a i n l e s s  s t ee l ,  I n c o n e l  600 
V w i i i  a l l  work very w e l l  o v e r  a t e m p e r a t u r e  r a n g e  o f  -450' 

600 o r  Nicrorne V. We have, however, had c o n s i d e r a b l e  e x p e r i e n c e  w i t h  

and h l 2  ---- 
IuLLlullle 

-rL- ---r _ _ _ _  -1 --~---:-i c-- IL- L - : A  F to t3CC' F. lilt: p I e i  ciLC=u iiiaw=iiai I UI LIIC ULLULJE W U U ~ ~  bt. i r lconei  
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t he  304 s ta in less  s t e e l  br idge; i t  i s  q u i t e  easy t o  handle. 

We wish t o  recommend a combination o f  improvements t o  the  NSI-2 
as shown i n  Drawing C160-22. I n  th is,  we have a l t e r e d  the  design t o  
have one c i r c u l a r  br idge f i l m ,  concentr ic wi th  the  i n i t i a t o r  body. Th is  
o f f e r s  many advantages. 

F i r s t ,  we can reduce the charge cup outs ide diameter and-thereby 
increase w a l l  th ickness o f  the g lass tube t h a t  seals pr imer charge cup 
t o  body. Because o f  t h e  par ts  tolerances, t h i s  g r e a t l y  increases the  
percentage f i l l  o f  the  cav i ty  by the  g lass pre-form, reducing the  
p o s s i b i l i t y  o f  voids and making the  glass-to-metal sea l  much st ronger  
and easier t o  manufacture. 

By having a center l ine  glass-to-metal sea l  on which the  br idge 
i s  deposited, g r ind ing  i t s  surface i s  much eas ier  and we have f a r  l e s s  
smearing o f  ' t h e  metal  o f  the  primer charge cup and the  c e n t r a l  p in  over 
the  glass. This  was t h e  primary problem w i t h  t he  design used i n  
v e r i f i c a t i o n  tes t ing .  

The glass ceramic between the  c e n t r a l  co i i tact  and the  pr imer 
charge cup i s  sealed by heat ing the  u n i t  wi th  a pre-form i n  p lace t o  the  . 

working p o i n t  o f  t he  g lass ceramic mater ia l .  It i s  removed from the  
furnace and pressed i n  place a t  r e l a t i v e l y  h igh  pressures, ho id ing  u n t i i  
t h e  ma te r ia l  has dropped below i t s  so f ten ing  point .  Th is  e l iminates 
vo ids and insures a good glass-to-metal sea l  between the  c e n t r a l  contact  
ana primer charge cup, as w e l l  as between the  c e n t r a l  contact  and body 
and by spacer (E160-21 ) and spacer (El60-22). 

The sea l ing  system uses d iscs  cons is t i ng  o f  a t h i n  l a y e r  o f  
glass, a s l i g h t l y  t h i c k e r  layer  o f  c r y s t a l l i z e d  g lass ceramic and 
another th in  laye r  o f  glass. This  causes the  system t o  put the  
glass-to-metal sea l  j unc t i on  i n  compression, ra the r  than i n  shear dur ing 
h igh  pressure exposure (40,000 P S I ) ;  t he  r e s u l t  i s  a much stronger and 
more r e l i a b l e  lass-to-metal  seal. I n  the  area between th is  sea l  
(Spacer E160-227 and the  forward p o r t i o n  o f  t he  connector cav i ty ,  t he  
d i s c  sea l ing  system a l lows s u f f i c i e n t  room t o  i n s e r t  a 1.4 microfarad 
ceramic d i sco ida l  capaci tor  and two f e r r i t e  beads. This  would g ive  us 
EMI/RFI f i l t e r  p ro tec t i on  with a m i n i m u m  i n s e r t i o n  l o s s  (dB) per 
MIL-STD-220 as show i n  the  fo l low ing  chart :  

MINIMUM INSERTION LOSS (dB) PER MIL-STD-220 

75 kHz 155 kHz 300 kHz 1 MHz I 0  MHz 1 GHz 

18 28 33 44 60 70 
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We r e a l i z e  t h a t  EMI /RF I  p ro tec t i on  i s  no t  c u r r e n t l y  requ i red  i n  
t h i s  design. However, an increasing number o f  aerospace and m i l i t a r y  
app l i ca t ions  are  r e q u i r i n g  EMI/RFI f i l t e r s .  

We be l ieve  we have accomplished the  tasks req i i i r ed  by the  
contract .  While the  design used i n  v e r i f i c a t i o n  t e s t i n g  meets the 
requirements of the  Statement o f  Work, our  recommended design o f f e r s  
even more advantages. We w i l l  be sending f i v e  u n i t s  manufactured i n  
accordance wi th  Drawing C160-22, incorpora t ing  these improvements, t o  
NASA f o r  evaluat ion a t  -450O F. 
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