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The r e s u l t s  o f  t h e  low p r e s s u r e  t e s t i n g  showed t h e  f o r m a t i o n  o f  
C C C ' s  r e s i d u e  were d e p e n d e n t  on  many f a c t o r s  s u c h  as  l o c a l i z e d  
r e g i o n  ~f i n c r e a s e d  d e n s i t y ,  r e g i o n  o f  lower n i t r o c e l l u l o s e  con-  
t e n t  o r  f o r e i g n  material  b e t w e e n  t h e  p r o p e l l a n t  a n d  t h e  combus- 
t i b l e  case. 

1. I N T R O D U C T I O N '  

Armed c o n f l i c t  c a n  o c c u r  a n y w h e r e ,  a n y  time, i n  a n y  p a r t  o f  
t h e  w o r l d .  When t h a t  h a p p e n s ,  h i g h l y  mobile armament  s y s t e q s  
mus t  b e  i a m e d i a t e l y  d e p l o y a b l e .  And when fo rces  e n g a g e ,  f i r i n g  
crews a n d  t h e i r  weapons  mus t  p e r f o r m  r e l i a b l y ,  e v e n  u n d e r  t h e  
most a d v e r s e  c o n d i t i o n s .  T h i s  i n c l u d e s  a m m u n i t i o n  wh ich  w i l l  b e  
easier t o  t r a n s p o r t ,  d e p l o y ,  l oad  a n d  f i r e  when i t  i n c l u d e s  s a f e ,  
d e p e n d a b l e  c o m b u s t i b l e  o r d n a n c e  p r o d u c t s .  

Today ,  c o m b u s t i b l e  o r d n a n c e  mater ia l s  f i n d  many u s e s  on t h e  
b a t t l e f i e l d .  They r e p l a c e  h e a v i e r  metal  cases i n  t a n k  ammurii- 
t i o n .  They r e p l a c e  c l o t h  p r o p e l l a n t  c o n t a i n e r s  a t t a c h e d  t o  mor- 
tar r o u n d s ,  a n d  t h e y  p r o v i d e  r i g i d  p r o p e l l a n t  c o n t a i n e r s  t o  re- 
p l a c e  cloth bags i n  a r t i l l e r y  a m m u n i t i o n .  The l ist  is g r o w i n g  
l o n g e r  as  e x p e r i m e n t a l  a p p l i c a t i o n s  q o v e  r r o m  RhD t o  p r o d u c t i o n .  

These p r o d u c t s  a r e  formed from wood f i b e r  p u l p  which  h a s  
b e e n  s t r e n g t h e n e d  w i t h  r e s i n  b i n d e r s  a n d  s t a b i l i z e r s ,  t h e n  h e a t -  
molded i n t o  r i g i d ,  d i m e n s i o n a l l y  s t a b l e  s h a p e s .  N i t r o c e l l u l o s e  
a d d e d  t o  t h e  c o m p o s i t i o n  c o n t r i b u t e s  e n e r g y  t c ;  t h e  r o u n d ' s  com- 
b u s t i o n  c y c l e  a n d  c a u s e s  t h e  mater ia l  t o  be t o t a l l y  consumed i n  
t h e  p r o c e s s .  

C o m b u s t i b l e  o r d n a n c e  p r o d u c t s  y i e l d  q a n y  i a p o r t a n t  a d -  
v a n t a g e s  r e g a r d l e s s  o f  a p p l i c a t i o n :  

- M a n u f a c t u r i n g  f a c i l i t i e s  r e q u i r e  less inves t r l l en t  
- Material  cos t s  a r e  lower - S t r a t e g i c  ae ta l s  a re  c o n s e r v e a  - S h i p p i n g  a n d  h a n d l i n g  c o s t s  a re  lower 
- L i g h t e r  w e i g h t  i m p r o v e s  f i e l d  m o b i l i t y  
- F i r i n g  crew f a t i g u e  is r e d u c e a  d u r i n g  r a p i d  l o a d - a n d -  

- S t r a t e g i c  scrap  mater ia l s  a r e  d e n i e d  t o  enemy 

- Combus t ion  r e s i d u e  is e l i q i n a € e d ,  e v e n  u n d e r  

f i r e  s e q u e n c e s  

s c a v e n g e r s  

s u s t a i n e d  f i r e  

The  p o s i t i v e  c o n t r i b u t i o n s  made by c o m b u s t i b l e  o r d n a n c e  p r o d u c t s  
t o  coqbat  e f f e c t i v e n e s s  a re  l e a d i n g  t o  acce le ra ted  d e v e l o p m e n t  o f  
t h i s  t e c h n o l o g y  f o r  sea a n d  a i r  a rmament  s y s t e m s .  

2. EXPERIMENTAL 
~ 

S a f e t y  C o n s u l t i n g  E n g i n e e r s ,  I n c . ,  in c o o p e r a t i o n  w i t h  
Arlntec D e f e n s e  P r o d u c t s  Company, c o n d u c t e d  l o w - p r e s s u r e  t e s t i n g  
o f  t h e  
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c o m b u s t i b l e  c a r t r i d g e  case mater ia l  i n  a n  a t t e m p t  t o  i d e n t i f y  
f a c t o r s  which  c o u l d  h a v e  c o n t r i b u t e d  t o  t h e  f o r m a t i o n  o f  t h e  
r e s i d u e  i n  a gun  f i r i n g  e n v i r o n m e n t .  I n  t h i s  e x p e r i m e n t ,  a 
v e n t e d  bomb was c h o s e n  b e c a u s e  t h e  p r o p e l l a n t  a n d  c o m b u s t i b l e  
c a s i n g  b u r n  c o u l d  b e  i n t e r r u p t e d  by r a p i d  release of t h e  i n t e r i o r  
p r e s s u r e .  T h i s  w i l l  p r e v e n t  c o n s u ! n p t i o n  o f  t h e  s a m p l e  by t h e  
r e t e n t i o n  o f  t h e  h i g h  p r e s s u r e  c o n d i t i o n s  i n  a n o r m a l  c l o s e d  bomb 
a p p a r a t u s .  Also, t h e  r e s u l t a n t  s h a p e  o f  t h e  t i m e / p r e s s u r e  t r ace  
o f  t h e  vented-bomb c o u l d  b e  made t o  a p p r o x i m a t e  t h e  s h a p e  o f  ac- 
t u a l  l o w - p r e s s u r e  f i r i n g  t es t s .  

D 

2.1 VENTED BOMB TESTS 

A s e r i e s  o f  v e n t e d  bomb tests were c o n d u c t e d  o n  t h e  case 
mater ia l s  t o  g a i n  a q u a l i t a t i v e  u n d e r s t a n d i n g  o f  how t h e  case 
g a t e r i a l s  b u r n  i n  a gun  e n v i r o n m e n t .  I n  f i e l d  u s e ,  t h e  cornbus- 
t i b l e  case is n o r m a l l y  i g n i t e d  by t h e  flame o f  t h e  b u r n i n g  
p r o p e l l a n t  w h i c h  i s  c o n t a i n e d  w i t h i n  t h e  c o m b u s t i b l e  case. 
D e s i g n  of t h e  v e n t e d  bomb u t i l i z e d  i n  t h i s  t e s t  is i l l u s t r a t e d  i n  
F i g u r e  1. 

2.1.1 Material D e s c r i p t i o n  

Two t y p e s  o f  c o m b u s t i b l e  c a r t r i d g e  cases,  p o s t  i m p r e g n a t e d  
( P I )  a n d  beater  a d d i t i v e  ( B / A )  are a v a i l a b l e  f o r  the  120 mm t a n k  
gun  s y s t e m .  B o t h  case t y p e s  a re  composed p r i m a r i l y  o f  n i t r o c e l -  
l u l o s e  f i b r e  ( N C ) ,  k r a f t  wood f i b r e ,  a n d  a r e s i n  b i n d e r ,  a l t h o u g h  
t h e  p e r c e n t a g e  o f  e a c h  i n g r e d i e n t  v a r i e s  a c c Q r d i n g  t o  t h e  
s p e c i f i c  a p p l i c a t i o n .  The p r i m a r y  d i f f e r e n c e  b e t w e e n  t h e  case 
t y p e s  i s  t h a t  t h e  r e s i n  is  mixed  i n  w i t h  t h e  o t h e r  i n g r e d i e n t s  
b e f o r e  m o l d i n g  i n  t h e  bea te r  a d d i t i v e  case,  wh i  e t h e  p o s t  i m -  

The  P I  case 
h a s  s h e l l - l i k e ,  h i g h  r e s i n  d e n s i t y  r e g i o n s  n e a r  i t s  o u t e r  sur- 
faces  a n d  a v e r y  low r e s i n  d e n s i t y  i n  i t s  i n t e r i o r ,  w h i l e  t h e  B / A  
case h a s  a much more u n i f o r m  r e s i n  d e n s i t y ,  a n d  is  much more 
f l e x i b l e .  

p r e g n a t e d  case is  d i p p e d  i n  r e s i n  a f t e r  m o l d i n g  4 . 

The B / A  c o m b u s t i b l e  cases were u s e d  i n  t h i s  s t u d y .  

2.1.2 Chamber S i z e  

I n  a n  e f f o r t  t o  c l o s e l y  r e p l i c a t e  f i r i n g  chamber  c o n d i t i o n s  
i n  t h e  vented-bomb a p p a r a t u s ,  a d e v i c e  w i t h  t h e  same i n t e r i o r  
diameter as  t h e  120 mm S m o o t h b o r e  Cannon w a s  c o n s t r u c t e d .  The 
d e v i c e  chamber l e n g t h  was a r b i t r a r i l y  s e t  a t  3 i n c h e s .  

The c o n s t r u c t i o n  o f  t h e  d e v i c e  i n  t h i s  manner a l l o w s  t h e  
t e s t i n g  of  a 3 - i n c h  r i n g  o f  u n d i s t u r b e d  120 mm c o m b u s t i b l e  
c a r t r i d g e  case s i d e w a l l  a a t e r i a l .  B e c a u s e  t h e  gun  chamber  
d iameter  was c h o s e n  as t h e  d e v i c e  chamber  diameter ,  t h e  sane a i r  
gap  r e m a i n s  b e t w e e n  t h e , c h a m b e r  wall  a n d  t h e  o u t e r  s u r f a c e  o f  t h e  D 
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c o m b u s t i b l e  c a r t r i d g e  case mater ia l .  M a i n t e n a n c e  of  i d e n t i c a l  
g a p s  a l lows  s t u d y  of t h e  effects, o r  a m o u n t ,  of  e x t e r i o r  w a l l  i g -  
n i t i o n  d u r i n g  f i r i n g .  

The  known, e x i s t i n g  v e n t e d - b o a b  d e v i c e  d e s i g n s  were r e v i e w e d  
p r i o r  t o  i n i t i a t i n g  t h e  d e s i g n  of  a - n e w  d e v i c e .  The  e x i s t i n g  
d e v i c e s  are  c o n s t r u c t e d  w i t h  a v e r y  small chamber o f  a p -  
p r o x i m a t e l y  2 i n c h e s  i n  diameter. 

When l o a d i n g  a v e n t e d - b o a b  chamber  of  2 - i n c h  diameter w i t h  
120  am C C C  mater ia l ,  i t  is  o n l y  p o s s i b l e  t o  t e s t  a segmeri t  o f  t h e  
c i r c u m f e r e n c e  o f  t h e  c a s i n g  material .  A d d i t i o n a l l y ,  t h i s  
rtlaterizl s e g m e n t  is n o r m a l l y  m o d i f i e d  by t h e  c u t t i n g  o f  l o n -  
g i t u d i n a l  V-shaped g r o o v e s  a l o n g  t h e  i n t e - r i o r  wall  of  t h e  s e g -  
Inent. The  g r o o v e s  a l low t h e  o u t e r  c i r c u m f e r e n c e  o f  t h e  s e g m e n t  
t o  b e  r e d u c e d  t o  f i t  t h e  2 - i n c h  diameter chamber.  

M o d i f i c a t i o n  of t h e  material  s a m p l e  as d e s c r i b e d  a b o v e ,  a l -  
t e r s  t h e  b u r n i n g  r a t e  by e x p o s f n g  a d d i t i o n a l  s u r f a c e  area t o  t h e  
p r o p e l l a n t  flame. I t  a l s o  a l te rs  t h e  i n t e r i o r  b u r n i n g  p a t t e r n  a f  
t h e  sample b e c a u s e  of t h e  c u t - o u t  s e c t i o n s  o f  mater ia l .  A l s o ,  
t h e  s e p - a r a t i o n  b e t w e e n  t h e  s u r r a c e  of  t h e  s a m p l e  a n d  t h e  chamber  
wal l  is e l i m i n a t e d ,  w h i c h  a l t e r s  or e l i r l l i n a t e s  p o t e n t i a l  i g n i t i o n  
of  t h e  s a m p l e  on t h e  o u t e r  s u r r a c e .  

2.1.3 P r e s s u r e  L i m i t a t i o n s  

T h e  vented-bomb was d e s i g n e d  t o  h a v e  a maximum work ing  p r e s -  
s u r e  of 80 ,000  p s i .  T h i s  al laws for a s u b s t a n t i a l  s a f e t y  m a r g i n  
s i n c e  t h e  tests were a n t i c i p a t e d  - t o  b e  p e r f o r m e d  a t  be low 3 0 , 0 0 0  
p s i .  

2 . 1 . 4  V e n t i n g  Method 

A d e s i g n  w h i c h  u t i l i z e s  a f u l l - d i a m e t e r  b u r s t  d i s c  was 
c h o s e n .  S e v e r a l  i t e r a t i o n s  of burst-discs were t e s t e d  w i t h  t h e  
f i n a l  u n i t s  b e i n g  s i a p l e ,  f l a t  s t e e l  d i s c s  t h a t  were mach ined  t o  
a s p e c i f i c  t h i c k n e s s  a n d  h a r d e n e d  t o  p r o v i d e d  r e p e a t a b l e  b u r s t  
p r e s s u r e s .  

~ _ _  
2.1.5 - I g n i t i o n  S y s t e m  

I g n i t i o n  o f  t h e  p r o p e l l a n t  i n  t h e  vented-bomb was ac- 
c o ~ p l i s h e d  by u s i n g  a n  e l e c t r i T a l l y  o p e r a t e d  s q u i b  t o  i g n i t e  a 
srllall p r i m e r  c h a r g e .  The f i n a l  r e s i d u e  tes ts  u t i l i z e d  5 gm o f  
b l a c k  powder  ( B P )  a s  t h e  i g n i t e r  %a te r i a l .  T h i s  BP was c o n t a i n e d  
i n  t h e  c e n t e r  r e g i o n  of  t h e  D I G L R P  p r o p e l l a n t  b u n d l e .  

E x p e r i q e n t a t i o n  w i t h  i g n i e r  mater ia ls  was p e r f o r q e d  u n t i l  ~ 

t h e  leasing edge o f  t h e  vented-bomb t e s t i n g  p r e s s u r e l t i m e  c u r v e  
a p p r o x f m a t e d  t h a t  s e e n  i n  a c t u a l  l o w - p r e s s u r e  gun  f i r i n g s .  

2 .1 .6  P r o p e l l a n t  L o a d i n g  
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P r e l i m i n a r y  t e s t s  were p e r f o r m e d  w i t h  v a r i o u s  p r o p e l l a n t  
l o a d i n g  d e n s i t i e s .  S i n c e  t h e  t e s t s  were i n t e n d e d  t o  d u p l i c a t e  
120 mm High  E n e r g y  Ant i -Tank ( H E A T )  r o u n d  f i r i n g  c o n d i t i o n s ,  o n l y  
D I G L R P  p r o p e l l a n t  was u t  i l i z e d .  

B 

The s t i c k s  o f  D I G L R P  p r o p e l l a n t  were c u t  t o  a p p r o x i m a t e l y  3 
i n c h e s  i n  l e n g t h  a n d  b u n d l e d  i n t o  a c y l i n d r i c a l  s h a p e  a n d  p l a c e d  
i n  t h e  c e n t e r  of t h e  vented-bomb chamber .  

After e x p e r i m e n t a t i o n ,  t h e  f i n a l  r e s i d u e  g e n e r a t  i on  tes ts  
were p e r f o r m e d  u s i n g  110 p i e c e s  o f  DIGLRP a s  t h e  p r o p e l l a n t  
c h a r g e .  

2.1.7 P r e s s u r e  S e n s i n g  

A s i n g l e  p r e s s u r e  t r a n s d u c e r  was u s e d  t o  r e c o r d  t h e  i n t e r n a l  
p r e s s u r e  of  t h e  vented-bomb.  T h i s  i n f o r m a t i o n  was f e d  t o  a com- 
p u t e r  f o r  d e v e l o p m e n t  o f  t h e  t i m e / p r e s s u r e  traces. 

2.2 TEST PROCEDURE 

2.2.1 S a m p l e  P r e p a r a t i o n  

Beater a d d i t i v e  ( B / A )  120 mm C C C ' s  were p r o d u c e d  w h i c h  had 
r e g i o n s  o f  i n c r e a s e d  d e n s i t y ,  r e g i o n s  o f  decreased MC c o n t e n t  a n d  
i n c r e a s e d  c o a t i n g  t h i c k n e s s .  S p e c i a l  p r o d u c t i o n  t e c h n i q u e s  were 
u t i l i z e d  to i n t r o d u c e  t h e  d e f e c t s  i n t o  t h e  cases. D 

Once t h e  cases were p r o d u c e d ,  r i n g s  of mater ia l  o f  t h e  
p r o p e r  l e n g t h  were c u t  from t h e  case body s idewa l l  t o  p r e c i s e l y  
f i t  t h e  chamber  o f  t h e  vented-bomb t e s t  a p p a r a t u s .  The r e g i o n ' o f  
t h e  case r i n g  where  t h e  d e f e c t s  were i n t r o d u c e d  was i d e n t i f i e d  on  
each o f  t h e  s a m p l e s .  

The  d e n s i t y  v a r i a t i o n  o f  t h e  s a m p l e s  r a n g e d  f rom 0.85 grn/cc 
t o  1.2 gm/cc.  The d e p l e t e d  NC r e g i o n s  r a n g e d  from 0 %  NC t o  50% 
N C .  The c o a t i n g  was v a r i e d  from t h e  normal  2 mils t o  10 m i l s  
t h i c k n e s s .  

After m a n u f a c t u r e ,  t h e s e  s a m p l e s  were sealed i n  p l a s t i c  bags 
a n d  t r a n s p o r t e d  t o  t h e  t e s t  s i t e  f o r  s t o r a g e .  They  were s t o r e d  
u n d e r  c o v e r  b u t  n o t  u n d e r  c o n t r o l l e d  t e m p e r a t u r e  a n d  h u m i d i t y  
c o n d i t i o n s .  

2.2.2 P r o c e d u r e  Detai ls  

E a c h  t e s t  s e q u e n c e  c o n s i s t e d  of  f i r i n g  t h e  vented-bomb w i t h  
a s i n g l e  s a m p l e  o f  m o d i f i e d  c o m b u s t i b l e  c a r t r i d g e  case a a t e r i a l .  
The n a t e r i a l  was f i r e d  u s i n g  D I G L B P  p r o p e l l a n t  w h i c h  was i g n i t e d  
by a sma l l  i g n i t e r  c h a r g e .  D u r i n g  t h e  t e s t  s e q u e n c e  t h e  v a r i o u s  
c o m b i n a t i o n s  o f  i g n i t e r  mater ia l  a n d  p r o p e l l a n t  were t e s t e d .  
T h e s e  c o m b i n a t i o n s  were t e s t e d  t o  d e v e l o p  a c o m b i n a t i o n  which D 
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would p r o d u c e  a p r e s s u r e / t i m e  p r o f i l e  i n  t h e  vented-bomb chamber  
wh ich  c l o s e l y  a p p r o x i m a t e d  t h a t  o f  a n  a c t u a l  l a w - p r e s s u r e  gun  
f i r i n g  . 

I n  e a c h  f i r i n g ,  t h e  mater ia l  s a m p l e  was p l a c e d  i n  t h e  
vented-bomb chamber  a l o n g  w i t h  t h e  p r o p e l l a n t ,  i g n i t e r  mater ia l ,  
a n d  e l e c t r i c  s q u i b ,  Refer t o  P h o t o g r a p h  1 f o r  t h e  a r r a n g e m e n t  o f  
t h e s e  mater ia ls  i n  t h e  vented-bomb chamber .  A s  i n d i c a t e d  i n  t h e  
p h o t o k r a p b ,  t h e  p r o p e l l a n t  was c e n t e r e d  i n  t h e  chamber t o  i n s u r e  
a n  e v e n  d i s t r i b u t i o n  of p r o p e l l a n t  f l a m e  t o  t h e  i n n e r  s u r f a c e  o f  
t h e  c o m b u s t i b l e  case s a m p l e .  A l s o ,  t h e  i g n i t e r  ma te r i a l  was 
p l a c e d  i n  t h e  c e n t e r  o f  t h e  p r o p e l l a n t  b u n d l e .  After  r e - a s s e m b l y  
o f  t h e  ven ted -bomb,  t h e  i g n i t i o n  was s t a P r t e d  by t h e  u s e  o f  a 
r e m o t e l y  a c t i v a t e d  e l e c t r i c a l  s q u i b .  

q o n i t o r e d  a n d  recorded t h e  p r e s s u r e  i n  t h e  chamber  t h r o u g h  t h e  
u s e  o f - a  fas t  t r a n s i e n t  r e s p o n s e  p r e s s u r e  t r a n s d u c e r .  T h i s  da ta  
was t h e n  s t o r e d  o n  d i s k  f o r  a p e r m a n e n t  r eco rd  a n d  also d i s p l a y e d  
on t h e  c o m p u t e r  m o n i t o r  f o r  e v a l u a t i o n  a t  t h e  s i t e .  Refer t o  
F i g u r e  2 f o r  a t y p i c a l  p r e s s u r e / t i a e  t race  o f  a vented-bomb t e s t  
f i r i n g .  

Upon a c t i v a t i o n  o f  t h e  e l e c t r i c a l  s q u i b ,  a c o m p u t e r  s y s t e m  

After each t e s t  f i r i n g ,  t h e  vented-bomb a p p w a t u s  was d isas -  
s eab led ,  c l e a n e d ,  a n d  t h e  s p e n t  v e n t i n g  d i s k  was d i s c a r d e d .  T h e  
T e f l o n  0-Ring u t i l i z e d  for s e a l i n g  t h e  chamber  was a l s o  replaced 
a f t e r e a c h  t e s t  f i r i n g .  

A t  18,000 52% p s i  v e n t i n g  p r e s s u r e ,  t h e  c o m b u s t i b l e  case 
mater ia l ,  p e r f o r m i n g  s imi la r  t o  t h e  p r o p e l l a n t ,  e x t i n g u i s h e d  in-  
m e d i a t e l y  upon b e i n g  e jected from t h e  vented-bomb c h a m b e r .  T h i s  
a l l o w e d  r e c o v e r y  of  material  t h a t  was i n t a c t  e x c e p t  f o r  t h e  
material  t h a t  was m i s s i n g  d u e  t o  c o m b u s t i o n  d u r i n g  t h e  f i r i n g  se- 
q u e n c e .  

The u n b u r n e d  c o m b u s t i b l e  cartridge-csase roaterial was c o l -  
l ec t ed  a f t e r  each f i r i n g  from t h e  area a r o u n d  t h e  v e n t e d - b o n b .  
T h e s e  p i e c e s  o f  p o s t - f i r i n g  r e s i d u e  q a t e r i a l  were p h o t o g r a p h e d ,  
a n d  t h e n  s e c t i o n s  of t h e  Ba te r i a l  were e n c a p s u l a t e d  a n d  c u t  w i € h  
a d iamond saw t o  p r o d u c e  a n  u n d i s t u r b e d  c r o s s  s e c t i o n  o f  t h e  
r e s i d u e .  P h o t o g r a p h s  a n d  e x p l a n a t i o n s  are shown i n  t h i s  p a p e r .  

3.0 TEST RESULTS a n d  CONCLUSTONS 

R e s u l t s  o f  t h e  l o w - p r e s s u r e  vented-bomb t e s t i n g  showed t h a t  
t h e  f o l l o w i n g  f a c t o r s  h a v e  c o n t r i b u t e d  t o  t h e  d e v e l o p m e n t  o f  t h e  
r e s i d u e  from B / A  c o m b u s t i b l e  c a r t r i d g e  case:  

- R e g i o n  o f  i n c r e a s e 3  d e n s i t y  - R e g i o n  o f  r e d u c e d  N C  c o n t e n t  - P r e s e n c e  o f  f o r e i g n  mater ia l  be tween  t h e  
p r o p e l l a n t  a n d  i n t e r i o r  c o m b u s t i b l e  case 
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B These t e s t s  a l s o  i n d i c a t e d  t h a t  t h e  c o a t i n g  t h i c k n e s s  would n o t  
have  been  a c o n t r i b u t i n g  f a c t o r .  

The most l i k e l y  causal f a c t o r  i n d i c a t e d  by t h e  t e s t i n g  was 
t h e  p r e s e n c e  o f  a f o r e i g n  material ( s u c h  as  masking t a p e  o r  
a l u m i n i z e d  d u c t  t a p e )  which i n t e r r u p t e d  t h e  flame between t h e  
p r o p e l l a n t  and t h e  i n t e r i o r  c o m b u s t i b l e  case wall. Refer t o  
F i g u r e  3 showing t h e  p r o g r e s s i o n  o f  material consumpt ion  d u r i n g  
t h e  f i r i n g  sequence .  The d e l a y  i n  flame p r o p a g a t i o n ,  which 
r e s u l t e d  i n  t h e  r e s i d u e ,  c o u l d  a l so  have  been  caused  by a n  uneven 
i g n i t i o n  of t h e  p r o p e l l a n t .  
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Figure 1. Cross section of Vented-Bomb Chamber Test setup. 
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Figure 2. Typical pressure/time trace from vented-bomb firing of 
B/A 120 .m combustible case. 
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Figure 3. Residue Formation due to foreign material 
impeding flame front of propellant burn. 
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Photograph 1. Arrangement of propellants, igniter 
material and electric squib inside 
the vented-bomb chamber. 
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Photograph 2.  I n t e r i o r  v i e w  of a r e s i d u e  sample wi th  normal 
d e n s i t y  loca t ed  on t h e  l e f t  and high d e n s i t y  
loca t ed  on t h e  ricrht. 

Photograph 3 .  E x t e r i o r  view of t h e  same reg ion .  
Darkened a r e a  i d e n t i f i e d  t h e  reg ion  a s  
d e n s i f i c d .  
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Photograph 4. Cross-section view of the region with normal 
density. 

Photograph 5. Cross-section view of t-he region w i t h  h i g h  
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Photograph 6. Interior view of a residue sample with normal 
material region on left and 0% NC material on 
the right. 

Photograph 7. Exterior view of the same region. 
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Pho tograph  8.  I n t e r i o r  v i e w  of a residue w i t h  d u c t  
t a p e  p r e s s e d  t o  t h e  i n t e r i o r .  

Photograph  9 .  Cross-sectionview of t h e  residue under  
t h e  tape ( u n b u r n t ) .  
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