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I ABSTRACT 

The g e n e r a l l y  a d o p t e d  method f o r  measur ing  t h e  s u s c e p t i b i l i t y  of 
s e n s i t i v e  l i q u i d s  t o  shock  i s  d e s c r i b e d  by t h e  Chemical P r o p e l l a n t  
I n f o r m a t i o n  Agency i n  t h e  p u b l i c a t i o n  "Liquid P r o p e l l a n t  T e s t  Methods."' 
Therecommended test is l i m i t e d  to u s e  u n d e r  ambient  c o n d i t i o n s  of t e m -  
p e r a t u r e  and p r e s s u r e  a n d  relies only upon t h e  damage t o  a w i t n e s s  p l a t e  
a s  t h e  c r i t e r i o n  f o r  d e t o n a b i l i t y .  T h i s  r e p o r t  d i s c u s s e s  m o d i f i c a t i o n s  
t o  t h e  test p r o c e d u r e  which r e t a i n  Sam l e  size and geometry b u t  p e r m i t  
s t u d i e s  over  t h e  r a n g e s  of 77'K t o  373 K a t  1 atm t o  10 atm. 
b r o a d e r  a p p l i c a b i l i t y  r e d u c e s  t h e  v a l u e  of w i t n e s s  p la tes - -a lways  
somewhat d u b i o u s .  T h e r e f o r e  t w o  o t h e r  methods have been  e v a l u a t e d ,  b o t h  
of which measure d e t o n a t i o n  v e l o c i t y :  one i s  e l e c t r o n i c ,  and t h e  o t h e r  
u t i l i z e s  a n  e x p l o s i v e  w i t n e s s .  The r e v i s e d  test s a t i s f i e s  t h e  r e q u i r e -  
ments  f o r  a n  e x t e n d e d  r a n g e  s e n s i t i v i t y  test for u s e  w i t h  h i g h  energy  
l i q u i d s .  

B 
T h i s  

I .  INTRODUCTION 

High e n e r g y  l i q u i d s  a r e  o f t e n  exposed to c o n d i t i o n s ,  such as  ex- 
tremes of t e m p e r a t u r e  a n d  p r e s s u r e ,  which may change t h e i r  s u s c e p t i b i l i t y  
t o  shock i n i t i a t i o n .  Moreover ,  many h i g h  e n e r g y  materials are condensed 
only  under  such ex t reme c o n d i t i o n s .  There e x i s t s  a need f o r  a de tona-  
t i o n  s e n s i t i v i t y  test a p p l i c a b l e  t o  t h e s e  s i t u a t i o n s .  T h i s  r e p o r t  de-  
s c r i b e s  equipment  and  o u t l i n e s  p r o c e d u r e s  t o  a d a p t  t h e  c u r r e n t  JANAF 
test' f o r  use under  t h e  f o l l o w i n g  c o n d i t i o n s :  

, 

77'K < T < 373'K j 

1 a t m  < P < 10 atm 

The t w o  methods u s e d  measure d e t o n a t i o n  v e l o c i t y ,  i n  c o n t r a s t  to 
t h e  JANAF method which-  u t i l i z e s  o n l y  damage to  a w i t n e s s  p l a t e  to  d e t e r -  
mine whether  d e t o n a t i o n  o c c u r r e d .  
t e c h n i q u e  i s  a n  a d a p t a t i o n  o f  D ' A u t r i c h e ' s  method. I n  t h i s  method,  
shown s c h e m a t i c a l l y  i n  F i g .  1, t h e  d e t o n a t i o n  v e l o c i t y  of t h e  unknown 
sample i n  the  tes t  c u p  i s  compared w i t h  t h a t  o f  an  e x p l o s i v e  s h e e t  of 

The f i r s t  (and r r h a p s  the simpler) 
I/ . 
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known d e t o n a t i o n  v e l o c i t y  o n  t h e  w i t n e s s  plate .  
i n i t i a t e s  t h e  mi ld  d e t o n a t i n g  f u z e  (MDF) which i n  t u r n  i n i t i a t e s  t h e  
e x p l o s i v e  s h e e t  a t  t h e  "start" p o s i t i o n .  T h i s  d e t o n a t i o n  p r o p a g a t e s  
f a r t h e r  ' a l o n g  e a c h  f , i n + r  'o f  t h e  e x p l o s i v e  s h e e t .  The o t h e r  e n d  of 
e a c h  f i n g e r  of t h e  e x p l o s i v e  s h e e t  i s  i n i t i a t e d  v i a  t h e  d e t o n a t i o n  
p robes  by t h e  stro/ng wave t r a v e l i n g  th rough  t h e  test cup .  
waves t h a t  c o l l i d e  w i t h i n  t h e  f i n g e r s  of t h e  s h e e t  e x p l o s i v e  create 
d e n t s  i n  t h e  w i t n e s s  p l a t e  t h a t  a r e  d e e p e r  than  t h o s e  l e f t  by a 
u n i d i r e c t i o n a l  wave. The r e s u l t  of  a t y p i c a l  s h o t  is shown i n  F i g .  2 .  
From the'  p o s i t i o n  of t h e  d e n t s  and t h e  p r o p e r t i e s  of t h e  sys t em,  t h e  
wave v e l o c i t y  w i t h i n  t h e  sample can be  c a l c u l a t e d  (see Appendix A ) .  
Although a s t r o n g  wave from t h e  t e t r y l  b o o s t e r  t r a v e l i n g  th rough  t h e  
l i q u i d  or t h e  cup  may i n i t i a t e  t h e  p r o b e s ,  d e t o n a t i o n  i s  d e t e c t e d  by 
a . cons t an t  v e l o c i t y .  

The t e t r y l  b o o s t e r  

The d e t o n a t i o n  

The second method u t i l i z e s  a r e s i s t a n c e  wire i n  t h e  d e t o n a t i o n  cup 
and a c o n s t a n t  c u r r e n t  power supp ly  t o  p rov ide  a c o n t i n u o u s  d e t o n a t i o n  
v e l o c i t y  r eco rd  on a n  o s c i l l o s c o p e .  T h i s  method i s  c o n s i d e r a b l y  more 
p r e c i s e .  I t  r e q u i r e s  a modest amount of e l e c t r o n i c  equipment and  con- 
s i d e r a b l e  s k i l l  on t h e  p a r t ,  of t h e  u s e r .  The equipment and o p e r a t i n g  
p rocedures  a r e  a d e q u a t e l y  d e s c r i b e d  .elsewhere3 f o r  s o l i d  e x p l o s i v e s ;  
m o d i f i c a t i o n s  f o r  a d a p t a t i o n  t o  l i q u i d  t e s t i n g  unde r  t h e  c o n d i t i o n s  
d e s c r i b e d  above are i n c l u d e d  i n  t h i s  r e p o r t .  

Details of e i t h e r  method w i l l  v a r y  w i t h  t h e  p r o p e r t i e s  ( e . g . ,  toxi- 
c i t y ,  vapor  p r e s s u r e ,  e t c . )  of t h e  compound t e s t e d .  In  t h e  f o l l o w i n g  
p a r a g r a p h s ,  p rocedures  employed w i t h  t w o  compounds (NzF4 a t  l o w  tempera- 
t u r e s  and G k O N O ; !  a t  e l e v a t e d  t e m p e r a t u r e s )  are d e s c r i b e d ;  o t h e r  mater- 
i a l s  may r e q u i r e  changes  i n  d e s i g n  a n d  i n  o p e r a t i o n a l  p rocedures .  

Before , a t t e m p t i n g  t o  de te rmine  t h e  d e t o n a b i l i t y  of h igh  ene rgy  
m a t e r i a l s  i t  i s  impor t an t  t h a t  p e r s o n s  who l a c k  e x p e r i e n c e  wi th  exp loL  
s i v e s  be tho rough ly  e d u c a t e d  i n  t h e  s a f e  h a n d l i n g  of e x p l o s i v e s .  Ref- ' 
e r e n c e  1 l i s t s  many of t h e  s t a n d a r d  r e f e r e n c e s  f o r  e x p l o s i v e  hand l ing .  
I t  i s  i ,mperat ive t h a t  h e a t e d  or  c r y o g e n i c  p r e s s u r i z e d  sys t ems  b e  con- 
s i d e r e d  as  less p r e d i c t a b l e  than  sys t ems  a t  ambient  c o n d i t i o n s  u n t i l  
d e t o n a t 1 o n . p a r a m e t e r s  are f i r m l y  e s t a b l i s h e d .  R e m o t e  h a n d l i n g  s h o u l d  
b e  t h e  r u l e  b e c a u s e ,  even  though t h e  test l i q u i d  may n o t  be e x t r e m e l y  
s e n s i t i v e ,  s e n s i t i z a t i o n  of t h e  b o o s t e r  and  e x p l o s i v e  t r a i n  may o c c u r .  
High ene rgy  o x i d i z e r s  may a l s o  i g n i t e  t h e  e x p l o s i v e  t r a i n  a n d  c a u s e  
prema t u r e  d e t o n a t i o n s .  

11. TEST EQUIPMENT 

A . cup 
The l i q u i d  unde r  test  is h e l d  i n  a c y l i n d r i c a l  metal c u p  c l o s e d  a t  

one end w i t h  a me ta l  dlaphragm s o l d e r e d  i n  p l a c e ;  t h e  o t h e r  end ( t h e  
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t o p )  is  c l o s e d  w i t h  c a p s  which c o n t a i n  i n s t r u m e n t  probes .  The c u p  i s  
f a b r i c a t e d  a s  f o l l o w s :  Each end of a s e c t i o n  of 1" Schedule  4 0  e x t r u d e d  
steel p ipe  ( o r  o t h e r  metal c o m p a t i b l e  w i t h  t h e  tes t  l i q u i d )  is  f a c e d  on 
a l a t h e  t o  an o v e r a l l  l e n g t h  of 6.0". 

For t h e  modi f ied  D ' A u t r i c h e  method,  t h e  c u p  is p r e p a r e d  a s  shown 
i n  F i g .  3.  A 2 . 0 - m i l - t h i c k  s t a i n l e s s  steel diaphragm 2,' i n  d i a m e t e r  
is  c e n t e r e d  and s i l v e r - s o l d e r e d  on t h e  bot tom o f  t h e  c u p .  I f  t h e  cup 
is t o  c o n t a i n  a c r y o g e n i c .  t o x i c  material o r  a s u b s t a n c e  which i s  not  
compat ib le  with t h e  a t m o s p h e r e ,  t h e  top  must be s e a l e d  and s p e c i a l  
t r a n s f e r  l ines  m u s t  be ,  i n s t a l l e d .  

I 

For m a t e r i a l s  t h a t  a r e  t r a n s f e r r e d  i n  vacuum l i n e s ,  t h e  c u p s  are 
t h r e a d e d  w i t h  I" s t a n d a r d  t a p e r  p i p e  t h r e a d s .  lbo  h o l e s  a r e  d r i l l e d  
3/8" below t h e  l a s t  t h r e a d  t o  accommodate 1/4" 0 . d .  t u b i n g .  
p i e c e s  of 1/4" 0 . d .  t u b i n g  a r e  s o l d e r e d  i n  t h e  h o l e s  so t h a t  t h e  s o l d e r e d  
e n d s  a r e  f l u s h  w i t h  t h e  i n n e r  w a l l  of t h e  cup .  

Two 1' 

B. Caps 

The caps ,  p r e p a r e d  from 1" p i p e  c a p s ,  s u p p o r t  t h e  n e c e s s a r y  i n s t r u -  
ment p r o b e s  f o r  t e m p e r a t u r e  measurement ,  l i q u i d  l e v e l  s e n s o r s 4  and t h e  
c o n t i n u o u s  wire p r o b e s .  The s i m p l e s t  t e s t ,  u s i n g  t h e  modi f ied  D'Autr iche 
method w i t h  a l i q u i d  such  as e t h y l  n i t r a t e  which c a n  be poured i n t o  the  
c u p ,  r e q u i r e s  only  a p i p e  c a p  and  no  p r o b e s .  For m a t e r i a l s  t o  be t e s t e d  
a t  nonambient c o n d i t i o n s  and to be t r a n s f e r r e d  i n  a vacuum l i n e  ( c r y o g e n i c  
m a t e r i a l s  and t o x i c  m a t e r i a l s )  or f o r  tests u t i l i z i n g  t h e  c o n t i n u o u s  
w i r e ,  ins t rument  p r o b e s  a r e  i n s t a l l e d  i n  t h e  cap .  

For i n s t a l l i n g  t h e r m o w e l l s ,  a 1/8" h o l e  i s  d r i l l e d  i n t o  t h e  cap  
and  a l e n g t h  of 1/8" t u b i n g  e x t e n d e d  through t h e  c a p .  
c u t  and p o s i t i o n e d  t o  e x t e n d  no f a r t h e r  i n t o  the  c u p  t h a n  2" above the  
bot tom diaphragm when assembled  and s o l d e r e d  t o  t h e  cap .  The bottom of 
t h e  thermowell  is c l o s e d  and s e a l e d  w i t h  s o l d e r .  The end o u t s i d e  t h e  , 
c u p  i s  l e f t  open f o r  i n s e r t i n g  thermocouples ;  a series of  c o u p l e s  a t  
d i f f e r e n t  l e v e l s  may s e r v e  a s  l i q u i d  l e v e l  s e n s o r s .  For  c a p s  t h a t  re- 
q u i r e  r e s i s t a n c e  w i m  l e a d s  o r  t h e r m i s t o r  l e a d s ,  h o l e s  are d r i l l e d  i n  
t h e  c a p  to  accommodate i n s u l a t e d  meta l - to-ceramic  e l ec t r i ca l  l e a d t h r o u g h s .  
These s e a l s  a r e . s o l d e r e d  i n  p l a c e ,  p r e f e r a b l y  w i t h  a lower m e l t i n g  
s o l d e r  than  t h a t  used f o r  t h e  thermowel l .  Two such  seals, o r  a double  
s e a l ,  can accommodate a t h e r m i s t o r .  

T h i s  t u b i n g  is  

For the r e s i s t a n c e  w i r e  and s u p p o r t i n g  bow, two h o l e s  are d r i l l e d  
i n  t h e  c a p .  One, i n  t h e  c e n t e r  of t h e  c a p ,  i s  d r i l l e d  t o  c o n t a i n  a n  
i n s u l a t e d  e l e c t r i c a l  l e a d t h r o u g h .  Approximately 1/4"  from t h e  c e n t e r  
of t h e  c a p ,  a n o t h e r  h o l e  i s  d r i l l e d  t o  h o l d  t h e  r e s i s t a n c e  w i r e  s u p p o r t .  
T h i s  suppor t  is f a b r i c a t e d  from a 1/16" rod  l o n g  enough t o  e x t e n d  through 
t h e  c a p '  i n t o  an  assembled  cup  t o  a d i s t a n c e  o f  less t h a n  1" from t h e  
diaphragm. Both t h e  r o d  and  t h e  e lectr ical  l e a d t h r o u g h  a r e  s o l d e r e d  i n  
p l a c e .  A t  a d i s t a n c e  o f  1/2" f rom t h e  e n d ,  t h e  r o d  i s  b e n t  90" toward 
t h e  c e n t e r  of t h e  c a p .  From t h e  end  of  t h i s  rod t o  t h e  e lectr ical  l e a d  

I 
I 
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on t h e  c a p ,  a l e n g t h  of 1 - m i l  r e s i s t a n c e  w i r e  is s t r u n g  and t h e  w i r e  i s  
anchored w e l l  a t  both p o s i t i o n s  t o  g i v e  good e l e c t r i c a l  c o n t a c t .  An 
assembled cup showing m o d i f i c a t i o n s  f o r  b o t h  t h e  D 'Aut r iche  method and 
t h e  cont inuous  w i r e  method i s  shown i n  F ig .  3. I t  i s  not  n e c e s s a r y  
t h a t . a l 1  p a r t s  shown be used i n  every  t es t .  

C .  Temperature C o n t r o l  of  Cup 

Under nonambient c o n d i t i o n s  i t  i s  a d v i s a b l e  t o  u s e  l i q u i d  b a t h s  
c around t h e  t e s t  cups  t o  c o n t r o l  tempera ture  a l o n g  t h e  e n t i r e  cup.  A 

convenient  way t o  a t t a c h  a leakproof  meta l  c o n t a i n e r  around t h e  c u p  
i s  t o  c u t  a 1-1/2" h o l e  i n  t h e  bottom of a high 6" d iameter  m e t a l  can  
and t o  s o l d e r  t h e  o v e r l a p p i n g  diaphragm of t h e  d e t o n a t o r  c u p  i n t o  t h e  
h o l e  a s  shown i n  F ig .  3 .  C o m m e r c i a l  3 - l b  c o f f e e  c a n s  have been sat is-  
f a c t o r y .  

Above ambient  t e m p e r a t u r e s ,  t h e  b a t h  is h e a t e d  wi th  h e a t i n g  t a p e s  
or inexpens ive  immersion h e a t e r s .  For  c ryogenic  materials, t h e  c u p  
i s  f i l l e d  with t h e  a p p r o p r i a t e  coolan t - -dry  ice ,  l i q u i d  n i t r o g e n ,  l i q u i d  
a r g o n ,  l i q u i d  oxygen, e tc .  I n s u l a t i n g  materials may be used  a round 
t h e  b a t h .  

D.  , Bath M a t e r i a l s  

I t  is ext remely  impor tan t  t o  g i v e  c a r e f u l  c o n s i d e r a t i o n  t o  t h e  
b a t h  materials because t h e y  must be i n e r t  t o  a l l  materials used  i n  t h e  
s h o t .  O i l  b a t h s  a r e  l i k e l y  t o  c o n t r i b u t e  t o  f i r e  h a z a r d ;  s p i l l e d  
s o l v e n t s  o r  vapors  may react w i t h  or s e n s i t i z e  t h e  e x p l o s i v e  t r a i n  
m a t e r i a l s ,  and m i x t u r e s  of s o l v e n t s  may be d e t o n a b l e .  

E. Detonator  and Booster 

An e x p l o s i v e  w i r e  d e t o n a t o r  is fo l lowed by 18" of  Pr imachord.  The 
Primacord i n  t u r n  i s  fo l lowed by a s m a l l  RDX pellet  and t h e  b o o s t e r .  
The b o o s t e r  c h a r g e s  used  f o r  t h e  tempera ture  range  from -196 t o  100°C 
c o n s i s t  of two 1" x 1-5/8" d i a m e t e r  t e t r y l  p e l l e t s ,  d e n s i t y  a b o u t  1 . 5 6 .  
For t h e  h i g h e r  tempera ture  (100" t o  150°C), h i g h e r  m e l t i n g  HMX p e l l e t s  m y  
b e  s u b s t i t u t e d  (m.p. 270' t o  280°C). 

F. D e t e c t i o n  Equipment 

, 

1. R e s i s t a n c e  W i r e  Method 

The procedure  f o r  d e t e r m i n i n g  d e t o n a t i o n  v e l o c i t y  i s  f u l l y  d e s -  
c r i b e d  i n  Reference  3. 

2 .  D'Autr iche  Probe Assembly 

For  each  s h o t  a tes t  cup  is prepared  a s  shown i n  Fig.  3 and aluminum 
w i t n e s s  p l a t e s  are prepared  a s  shown i n  F ig .  4a.  Using a razor b l a d e ,  
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f i v e  p i e c e s  o f  MDF, e a c h  20.00" l o n g ,  are c u t  on a p i e c e  of wood or 
M i c a r t a .  Five l/2"-wide s t r i p s  of s h e e t  e x p l o s i v e  are a l so  c u t ,  one 
about  4" long  and t h e  o t h e r s  8.00". 
t h e  s h o r t  s t r i p  i s  cemented p a r a l l e l  t o  t h e  s h o r t  edge  of t h e  p l a t e  
w i t h  one end o v e r  t h e  s i n g l e  h o l e .  The l o n g  s t r i p s  are cemented 
p a r a l l e l  t o  each  o t h e r ,  one end o v e r  e a c h  of  t h e  remain ing  f o u r  h o l e s  
and t h e  o t h e r  end  o v e r  a n d  i n  c o n t a c t  wi th  t h e  s h o r t  s t r i p  ( s e e  F i g s .  
4b and 5 ) .  

Using p r e c i s e  scales and s q u a r e s ,  

, The test cup and b o o s t e r  are assembled a s  shown i n  F i g s .  1 and 5 
and t h e  w i t n e s s  p l a t e  is s e c u r e d  n e a r b y .  One end  of each  of  t h e  20" 
l e n g t h s  of MDF i s  i n s e r t e d  through a h o l e  i n  t h e  p l a t e  u n t i l  i t  c o n t a c t s  
t h e  e x p l o s i v e  s h e e t  ( F i g .  4 b ) .  The o t h e r  e n d s  are p u t  i n  p l a c e  on t h e  
charge  (no  a u x i l i a r y  b o o s t e r  is used)  as shown i n  F i g s .  1 and 5 ,  
f o u r  or more a l o n g  t h e  c u p  w a l l  and one t o  t h e  i n i t i a t o r .  . A l l  e n d s  

' a r e  cemented s e c u r e l y  i n  p l a c e .  

G .  Support  S tand  f o r  D e t o n a t o r ,  Charge ,  and Cup 

A s u i t a b l e  f rame is c o n s t r u c t e d  t o  s u p p o r t  t h e  assembled c h a r g e .  
The d e t o n a t o r ,  b o o s t e r ,  and  cup  are  a l i g n e d  and h e l d  i n  p l a c e  w i t h  ad-  
h e s i v e  t a p e .  The assembled  s h o t  and cup  a r e  la ter  p laced  on  t h e  s u p p o r t  
s t a n d  and t i e d  i n t o  p l a c e  w i t h  a d h e s i v e  t a p e .  A t  e l e v a t e d  t e m p e r a t u r e s  
a noncombust ible  t a p e  s h o u l d  be u s e d .  

H. Vacuum T r a n s f e r  Equipment 

For  remote h a n d l i n g  of v o l a t i l e ,  t o x i c ,  or cryogenic  materials 
which cannot  be c o n v e n i e n t l y  t r a n s f e r e d  i n  a s i m p l e r  manner, a vacuum 
system is c o n s t r u c t e d  ( s e e  F i g .  6 ) .  T h i s  sys tem,  which is s u i t a b l e  
f o r  f l u o r i n e  o x i d i z e r s ,  w a s  used f o r  t e s t i n g  t h e  d e t o n a b i l i t y  of  N,F,. 
A f l u o r i n e  tank  i s  used  for  p a s s i v a t i o n  of t h e  sys tem b e f o r e  t e s t i n g  
high energy  f l u o r i n e  o x i d i z e r s .  The sys tem i s . d e s i g n e d  t o  permi t  isola- / 

t i o n  of t h e  s u p p l y  t a n k  from t h e  d e t o n a t o r  test cup  t o  prevent  p o s s i b l e  
d e t o n a t i o n  through t h e  l i n e s  t o  t h e  main s u p p l y  t a n k .  The l i n e s  are 
f l u s h e d  w i t h  a n  i n e r t  g a s  a f t e r  t h e  t r a n s f e r  is  completed.  The sys tem 
a l s o  c o n t a i n s  a m e a s u r i n g  b o t t l e  of s u f f i c i e n t  volume, when f i l l e d  w i t h  
test m a t e r i a l  a t  a p r e d e t e r m i n e d  p r e s s u r e ,  t o  e x a c t l y  f i l l  t h e  cup  w i t h  
condensed l i q u i d .  

To prepare  t h e  s y s t e m ,  t h e  v a l v e s  and o t h e r  p a r t s  (components are 
d e s c r i b e d  below) are c o m p l e t e l y  d isassembled  and each  i s  c l e a n e d .  De- 
f e c t i v e  g a s k e t s  and  p a r t s  are r e p l a c e d .  I f  t h e  v a l v e s  are t o  be s o l d e r e d  
or welded t o  t h e  t r a n s f e r  l i n e s ,  t h e  g a s k e t s  are l e f t  ou t  of t h e  v a l v e s  
u n t i l  t h i s  o p e r a t i o n  i s  c o m p l e t e .  To remove borax-type f l u x e s  i t  may 
be n e c e s s a r y  t o  s team-c lean  t h e  s o l d e r e d  j o i n t s .  Valves  1 through 6 
( F i g .  6 )  and t h e  s o l e n o i d  operators a r e  assembled and  mounted on a small 
p o r t a b l e  metal  p a n e l ;  enough t u b i n g  ( 1  t o  2 f e e t )  is a t t a c h e d  t o  v a l v e s  
t h a t  l e a d  t o  o t h e r  components ,  t a n k s ,  pumps, and  gauges so t h a t  c o n n e c t i n g  
l i n e s  can  l a t e r  be i n s t a l l e d  on t h e s e  e n d s  wi thout  i n t e r r u p t i n g  t h e  
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valve-panel  system. T h i s  sec t ion  shou ld  be l e a k  t e s t e d  b e f o r e  f i n a l  
assembly a t  t h e  tes t  s i te .  

1 .  Vacuum Equipment Components 

Valves -7 and 1 0 ' ( F i g .  6 )  are Ch lo r ine  I n s t i t u t e  v a l v e s  a v a i l a b l e  t 

from S u p e r i o r  Valve Company, P i t t s b u r g h ,  Pennsy lvan ia  ( F l u o r i n e  C y l i n d e r  

t h e  vendor .  A l l  o t h e r  v a l v e s  are Hoke C a t .  No. 30206-6, w i t h  No. 80065-1 
s o l e n o i d  o p e r a t o r s .  These b a l l  v a l v e s  o p e r a t e  smoothly and  t h u s  may be  
less l i k e l y  t o  i n i t i a t e  a n  e x p l o s i o n  t h a n  would a so l eno id -ope ra t ed  
n e e d l e  va lve .wh ich  o p e r a t e s  more a b r u p t l y .  The vacuum pump i s  a con- 
v q n t i o n a l ,  low-capaci t y .  l a b o r a t o r y  model f i l l e d  wi th  f l u o r o c a r b o n  o i l  
b u t  powered wi th  a 1 h . p .  motor  f o r  e a s y  s t a r t i n g .  A l l  t r a n s f e r  l i n e s  
a r e  coppe r  t u b i n g ,  s i l v e r  s o l d e r e d  t o  v a l v e s  and f i t t i n g s .  The test 
cup assembly i s  1" Schedule  40 p ipe ,  su r rounded  by a can  c o o l e d  w i t h  d r y  
i c e .  

. I \  Valve Ca t .  No. 1 2 1 4 F ) .  Valves 8 and 9 are c o n v e n t i o n a l  a s  s u p p l i e d  by 
I 
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2 : . O p e r a t i n g  Procedure 

For remote t r a n s f e r  of a tes t  sample from t h e  supp ly  t a n k ,  t h e  
f o l l o w i n g  procedure is  used :  With v a l v e s  1 ,  7 ,  8 ,  and 9 c l o s e d  a n d  
a l l  o t h e r s  opened, e v a c u a t e  system. ' Close a l l  v a l v e s .  Open v a l v e  10. 
Open va lve  7 .  Open va lve  2 .  F i l l  measu r ing  b o t t l e  t o  d e s i r e d  p r e s s u r e  
a s  i n d i c a t e d  on gauge.  Close va lve  2 .  Close v a l v e  7. Open, i n  o r d e r ,  
v a l v e s  1 ,  3, and 7 ;  t h i s  f l u s h e s  t h i s  s e c t i o n  wi th  hel ium and  s e r v e s  
t o  isolate t h e  supp ly  t a n k  from t h e  measu r ing  b o t t l e . ,  Open va lve  4 .  
E s s e n t i a l l y  a l l  of t h e  N2F, or o t h e r  test m a t e r i a l  i n  t h e  measu r ing  
b o t t l e  shou ld  condense i n  t h e  test c u p .  Completeness  of c o n d e n s a t i o n  i s  
judged wi th  t h e  t h e r m i s t o r  and thermocouple l i q u i d  l e v e l  d e t e c t o r  or  
by an a p p r o p r i a t e  p r e s s u r e  d rop  in t h e  system. 
t e s t  cup a c t s  a s  a t r a p .  Should any noncondensables  i n t e r f e r e ,  t h e y  may , 
be removed through t h e  pump by b r i e f l y  open ing  and pumping th rough  va lve  
5.  
C lose  va lve  4 and t h e  cup is ready f o r  t h e  tes t .  

I .  A u x i l i a r y  B r e a t h i n g  A i r  Supply 

In t h i s  o p e r a t i o n  t h e  

The p r e s e t  need'le va lve  p r e v e n t s  s u r g i n g  or s p l a s h i n g  of l i q u i d .  

To test toxic  materials and p r o t e c t .  o p e r a t i n g  p e r s o n n e l  from dangerous 
fumes,  p ro t ec t ion . equ ipmen t  and a n  a u x i l i a r y  a i r  s u p p l y  shou ld  be 
a v a i l a b l e .  P o r t a b l e  s e l f - c o n t a i n e d  a i r  or oxygen b r e a t h i n g  equipment is  
s u g g e s t e d .  . .  

111. FINAL ASSEMBLY 
'I 

The p repa red  cups  and c a p s  c o n t a i n i n g  t h e  d e s i r e d  i n s t r u m e n t  p r o b e s ,  
t r a n s f e r  l i n e s ,  vacuum components,  gauges ,  and  i n s t r u m e n t s  are assembled 
and checked a t  t h e  tes t  s i t e .  The test c u p  and  s h o t  assembly a r e  p o s i -  
t i o n e d  i n  t h e  f i r i n g  chamber t o  m i n i m i z e  damage t o  t h e  l e a d  l i n e s  and 
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a u x i l i a r y  equipment .  For convenience  i n  r e p e a t i n g  s h o t s ,  t h e  c u p s  a r e  
a t t a c h e d  t o  t h e  t r a n s f e r  l i n e s  w i t h  quick-d isconnec t  f i t t i n g s .  

I t  is a d v i s a b l e  t o  s c h e d u l e  a p r e l i m i n a r y  test w i t h  a n  i n e r t  mate- 
r i a l  of very  n e a r l y  t h e  same p h y s i c a l  p r o p e r t i e s  as  t h e  t es t  
m a t e r i a l ,  t o  check t h e  r e l i a b i l i t y  of t h e  equipment and g a i n  e x p e r i e n c e  
i n  o p e r a t i n g  t h e  s y s t e m .  A l s o ,  m a t e r i a l s  of known d e t o n a t i o n  c h a r a c t e r -  1 

ist ics should  be t e s t e d  f o r  comparison.  

I m e n  the  assembled equipment  h a s  been checked ,  t h e  test m a t e r i a l  
supply  t a n k  i s  a t t a c h e d  t o  t h e  vacuum l i n e  and t h e  t r a n s f e r  l i n e s  a r e  
e v a c u a t e d  up t o  t h e  s u p p l y  t a n k  v a l v e .  S i n c e  most of t h e  t r a n s f e r  l i n e s  
are e x t r e m e l y  s m a l l ,  several m i n u t e s  may b e  r e q u i r e d  t o  pump t h e  t r a n s f e r  
system down t o  a d e s i r a b l e  p r e s s u r e  (10  to  50 microns) .  T h i s  t i m e  c a n  
be employed t o  assemble  t h e  d e t o n a t i o n  t r a i n  and D 'Aut r iche  w i t n e s s  p l a t e s  
( i f  u s e d ) .  

The f i r s t  e x p l o s i v e  a t t a c h e d  t o  t h e  equipment  is t h e  D 'Aut r iche  
w i t n e s s  p l a t e  and assembly ,  i f  u s e d .  The MDF p r o b e s  l e a d i n g  from t h e  
cup  must b e  c a r e f u l l y  p o s i t i o n e d  and f i r m l y  h e l d  t o  o b t a i n  maximum 
s e p a r a t i o n ,  t h u s  p r e v e n t i n g  " s h o r t i n g "  of  t h e  shock ' t r a i n  between probes .  
With t h e  w i t n e s s  p l a t e  and  probe assembly  f i r m l y  s e c u r e d  t o  t h e  tes t  
s t a n d ,  t h e  b o o s t e r ,  d e t o n a t o r ,  and Primacord are assembled and t h e  
b o o s t e r  i s  p l a c e d  f l a t  a g a i n s t  t h e  diaphragm on t h e  cup .  The e n t i r e  
assembly i s  h e l d  t o g e t h e r  on t h e  s t a n d  w i t h  adhes ive  tape. I f  t h e  
s h o t  is t o  be h e a t e d ,  noncombust ib le  t a p e s  should  be u s e d .  The electrical  
l e a d s  t o  t h e  i n s t r u m e n t  p a n e l s  are i n s t a l l e d  and checked .  

If i t  is p o s s i b l e  t o  pour t h e  test l i q u i d  i n t o  t h e  d e t o n a t i o n  cup  
( i . e . ,  i f  the  material i s  n o n t o x i c  and t h e  s h o t  is t o  be done above 
ambient  c o n d i t i o n s ) ,  no  vacuum t r a n s f e r  equipment  i s  used .  T h i s  i s  t h e  
procedure  wi th  e t h y l  n i t r a t e  t e s t e d  above ambient  c o n d i t i o n s .  I n  t h i s  
case one o f  t h e  two s ide-arm t u b e s  on t h e  cups  is c l o s e d  w i t h  a q u i c k -  
d i s c o n n e c t  p l u g  a f t e r  t h e  cup  i s  f i l l e d .  The l i q u i d  should  n o t  be 
a l l o w e d  t o  w e t  t h e  p l u g  and q u i c k - d i s c o n n e c t  f i t t i n g s  when they  are 
b e i n g  c l o s e d ,  s i n c e  t h i s  may cause  premature  d e t o n a t i o n .  The second 
t u b e  arm of t h e  cup  s e r v e s  a s  a l e a d  t o  d e t e r m i n e  p r e s s u r e  i n  t h e  sys tem.  

, 

With t h e  s h o t  assembled  and t h e  t r a n s f e r  sys tem e v a c u a t e d ,  t h e  re- 
mote c o n t r o l  v a l v e s  a r e  c l o s e d .  Next, t h e  c o o l a n t  or b a t h  l i q u i d  is 
p l a c e d  around t h e  cup .  T h i s  should  b e  done r e m o t e l y ,  i f  p o s s i b l e .  The 
va lve  on t h e  sample t a n k  is opened t o  al low t h e  g a s  t o  f l o w  t o  t h e  re- 
mote c o n t r o l  v a l v e s  o n l y .  The remainder  of  t h e  t r a n s f e r  o p e r a t i o n  is 
completed a s  o u t l i n e d  p r e v i o u s l y .  W e n  t h i s  is comple te ,  as judged  by 
one or a l l  of t h e  methods used  t o  de termine  the  l i q u i d  level i n  t h e  cup ,  
t h e  s u p p l y  t a n k  is i s o l a t e d  from t h e  s h o t  by i n e r t  gas i n  t h e  t r a n s f e r  
l i n e s  and t h e  s h o t  i s  f i r e d .  
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I V .  DETERMINATION OF THE DETONATION VELOCITY 

0 
\ 
B 

3 

A .  D'Autr iche Method 

A f a i l i n g  ( i . e . ,  nonpropagat ing)  d e t o n a t i o n  wave is d e t e c t e d  by a 
d e c e l e r a t i n g  wave v e l o c i t y  r a t h e r  t h a n  by f a i l u r e  of t h e  MDF. The s t r o n g  
shock from t h e  t e t r y l  b o o s t e r  u s u a l l y  i n i t i a t e s  t h e  MDF when t h e  cup  ', 

c o n t a i n s  a n o n d e t o n a t i n g  l i q u i d .  P o s i t i v e  r e s u l t s  a r e  r e p o r t e d  when a 
c o n s t a n t  ve loc i ty 'wave  f r o n t  i s  e s t a b l i s h e d .  
d e t e c t  t r a n s i e n t  changes  i n  d e t o n a t i o n  phenomena b u t  h a s  t h e  advantage  
t h a t  a record  is  o b t a i n e d  on t h e  p l a t e  even  when n o n d e t o n a t i n g  material 
is t e s t e d  i n  t h e  cups .  

, The method does  n o t  r e a d i l y  

Appendix A o u t l i n e s  t h e  procedure  f o r  d e t e r m i n i n g  d e t o n a t i o n  v e l o c i t y  
from d a t a  o b t a i n e d  w i t h  p l a t e s .  R e l i a b i l i t y  i n  c a l c u l a t i n g  d e t o n a t i o n  
v e l o c i t y  is b e l i e v e d  t o  b e  approximate ly  *lo% 

B .  Cont inuous Wire Method 

T h i s  method, de'veloped f o r  s o l i d  cast e x p l o s i v e s ,  is  a d e q u a t e l y  
d e s c r i b e d  i n  t h e  l i t e r a t ~ r e . ~  
p l a c e  t h e  s o l i d  e x p l o s i v e .  T h i s  method h a s  t h e  advantage  of  producing  
a cont inuous  r e c o r d  of shock d i s t u r b a n c e s  i n  t h e  test l i q u i d  b u t  does  
n o t  produce a r e c o r d  when t h e  material does  not  d e t o n a t e .  

The cup  and b o o s t e r  charge  d e s c r i b e d  re- 

V. TEST RESULTS 

The procedure  p r e s e n t e d  i n  t h i s  p a p e r  should  y i e l d  r e s u l t s  b o t h  
r e l i a b l y  and s a f e l y .  Each component and s t e p  h a s  been e v a l u a t e d  by t h e  
a u t h o r s  i n  f r e q u e n t  tes ts  w i t h  NaF4, os&, or Q l k O N Q .  The procedure  
was t h e n  used t o  de termine  t h e  d e t o n a b i l i t y  of  t h e s e  t h r e e  compounds a s  
l i q u i d s .  
n o n d e t o n a b i l i t y  of t h i s  l i q u i d  r h i c h  i s  s t a b l e  o n l y  below - 100'K. 
b . p .  200'K, was t e s t e d  from 195 K t o  213'K (- lo3 t o r r ) .  
w e r e  run  w i t h  t h e  c o n t i n u o u s  w i r e  method; a l l  gave t y p i c a l  n e g a t i v e  
r e s u l t s .  The one t e s t  r u n  w i t h  t h e  e x p l o s i v e  w i t n e s s  showed t h e  shock 
v e l o c i t y  decaying  from a n  i n i t i a l  v a l u e  of - 2.8 mm/Fsec to  a f i n a l  v a l u e  
of - 1 .5  mm/Psec. Again,  t h i s  i s  c h a r a c t e r i s t i c  of  a nonpropagat ing  
shock .  To e v a l u a t e  t h e  test a t  t h e  o t h e r  envi ronmenta l  ex t remes  a hot  
l i q u i d ,  e t h y l  n i t r a t e  ( C Q ~ O N Q J ) ,  w a s  used  a t  h i g h  p r e s s u r e .  Although 
Some d i f f i c u l t y  was e n c o u n t e r e d  because of t h e  tendency of t h e  l i q u i d  
t o  d e t o n a t e  spontaneous ly  above its b o i l i n g  p o i n t ,  f o u r  s u c c e s s f u l  con-. 
t i n u o u s  w i r e  tests were conducted from 9 f  t o  114'C and up to  175 p s i g .  
Each i n d i c a t e d ,  .again w i t h  t y p i c a l  r e c o r d s ,  t h a t  t h e  l i q u i d  i s  d e t o n a b l e .  

The r e s u l t s  f o r  & F a ,  p u b l i s h e d  e l sewhere , '  e s t a b l i s h e d  t h e  
& F 4 ,  / 

S e v e r a l  tes ts  

Although t h e s e  w e r e  t h e  o n l y  s h o t s  conducted w i t h  t h e  e x a c t  procedure  
d e f i n e d  by t h i s  p a p e r ,  many w e r e  r u n  under  c o n d i t i o n s  only  s l i g h t l y  
d i f f e r e n t  ; g e n e r a l l y  t h e s e  a f f e c t e d  s a f e t y  and s i m p l i c i t y  r a t h e r  t h a n  
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r e l i a b i l i t y .  Details of most of t h e s e  are a v a i l a b l e  t o  t h e  r e a d e r  of 
t h e  p r o j e c t  r e p o r t s  ( q . v . 1  . 6  

a s  d e s c r i b e d ,  r e l i a b l y  d e t e c t  d e t o n a t i o n  a n d ,  e q u a l l y  r e l i a b l y ,  non- 
d e t o n a t i o n . .  Low v e l o c i t y  d e t o n a t i o n s  are probably  i n c l u d e d  i n  t h e  
l a t t e r .  The r e s u l t s  have been proven t o  be independent  of  e i t h e r  
t e m p e r a t u r e  or p r e s s u r e .  For example ,  i n c i d e n t a l  tests demonst ra ted  
t h a t  MDF d e t o n a t e s  w i t h  a v e l o c i t y  i n v a r i a n t  w i t h  t e m p e r a t u r e .  

Impor tan t  c o n c l u s i o n s  are  t h a t  t h e  t e s t s ,  

I n  summary, t h e  a u t h o r s  p r e s e n t  t h e  procedure  d e s c r i b e d  i n  t h i s  , r e p o r t  wi th  conf idence  t h a t ,  i f  u s e d  a s  d e s c r i b e d ,  it w i l l  s e r v e  a s  
a u s e f u l .  worthy supplement  t o  t h e  L i q u i d  P r o p e l l a n t  Tes t  Method N o .  1. 
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. Appendix A 

ADAPTATION OF THE JANAF BOOSTER TEST: DATA REDUCTION 

The e q u a t i o n  f o r  r e d u c i n g  t h e  d a t a  from t h e  w i t n e s s  p l a t e s  is 
d e r i v e d  a s  f ,ol lows.  Assume t h e  f o l l o w i n g :  

1 . .  There i s  a small, f i n i t e ,  b u t  r e p r o d u c i b l e  t i m e  f o r  a 
d e t o n a t i o n  t o  propagate  across e x p l o s i v e  i n t e r f a c e s .  
T h i s  i s  f r e q u e n t l y  r e f e r r e d  t o  as an " i n d u c t i o n  t i m e . "  

2 .  The t i m e  r e q u i r e d  f o r  two d e t o n a t i o l s  o r i g i n a t i n g  a t  a 
common p o i n t  and meet ing  a t  a p o i n t  x is t h e  same for 
two c o r r e s p o n d i n g  p a t h s .  

3 .  The d e t o n a t i o n  v e l o c i t y  of e x p l o s i v e s  is a r e p r o d u c i b l e  
f u n c t i o n  of environment . .  

The nomenclature  used i n  t h e  e q u a t i o n  i s  a s  f o l l o w s :  

P = l e n g t h s  of MDF; t h e  s u b s c r i p t  d e n o t e s  t h e  p a r t i c u l a r  branch 

Fb = l e n g t h  of MDF from t e t r y l  b o o s t e r  t h a n  i n i t i a t e s  t h e  
e x p l o s i v e  on w i t n e s s  p l a t e  

V = d e t o n a t i o n  v e l o c i t y  of any P w i t h  c o r r e s p o n d i n g  s u b s c r i p t  

Vs = 

V = d e t o n a t l o n  v e l o c l t y  of s t a n d a r d  e x p l o s i v e  used  

wave v e l o c i t y  w i t h i n  sample 

W 

L = d i s t a n c e  between opposing p o i n t s  of i n l t i a t i o n  f o r  e a c h  
s h e e t  e x p l o s i v e  f i n g e r  

x = ' p o i n t  a t  which d e t o n a t i o n s  meet ;  measured from MDF 

d s '  = d i s t a n c e s  between MDF on sample cup  

dw' = d i s t a n c e s  between c o r r e s p o n d i n g  s t r i p s  of e x p l o s i v e  on 
w i t n e s s  p l a t e  

d s  = d i s t a n c e  from t e t r y l  pellet f o r  f i r s t  MDF 

dw = d i s t a n c e  from t h e  s t a r t  t o  s t r i p  1 on w i t n e s s  p l a t e  

k,T( = small, unknown, b u t  r e p r o d u c i b l e  d e l a y  or i n d u c t i o n  t i m e s  
i n  t r a n s i t i o n  from cup t o  MDF and MDF to  EL-506-D 
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The time r e q u i r e d  f o r  t h e  d e t o n a t i o n  t o  t r a v e l  f r a n  t h e  t e t r y l  
th rough t h e  sample c u p ,  t h e  f i r s t  " f i n g e r "  of MDF and t o  p o i n t  x1 i n  
t h e  s h e e t  e x p l o s i v e  is: 

ds 
tl = - + P + % + T I + L  

vS Vl vw 
(A-1) 

The t i m e  r e q u i r e d  f o r  t h e  d e t o n a t i o n  t o  t r a v e l  f r o m . t h e  t e t r y l  through 
t h e  "s tar t"  branch  of t h e  MDF and t o  x1 through t h e  s h e e t  e x p l o s i v e  
from t h e  o p p o s i t e  d i r e c t i o n  is: 

dw L - xL t , '  = 3 L  +I) + - + 
b "W vW 

E q u a t i n g  (A-1) and  (A-2) and r e a r r a n g i n g  terms: 

(A-2) 

(A-3)  

S i m i l a r l y ,  by e q u a t i n g  t h e  times of t r a v e l  f rom t h e  t e t r y l  t o  p o i n t  
i n  t h e  second f i n g e r  of s h e e t  e x p l o s i v e :  

(A-4) 

S u b t r a c t i n g  (A-3) from (A-4)  and n o t i n g  t h a t  5 = 9 and VI = Va 

, 
(A-5)  

Vs, d s ' ,  and  dw' are c o n d i t i o n s  of t h e  ,exper iment ;  x1 and Q are  
measured;  t h e r e f o r e  Vs can be c a l c u l a t e d .  
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F i g .  2 Typical Witness Plate  
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