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A new technique  f o r  de te rmining  t h e  sllock i n i t i a t i o n  s e n s i t i v i t y  j 
.of exp los ives  i s  descr ibed .  I t  i l lvolves a  f l y e r  p l a t e  impinging upon '; 

t n e  t e s t  exp los ive  t o  induce i n i t i a t i o n  of de tona t ion .  An e l e c t r i c a l l y  . 

exploded f o i l  p rope l s  t h e  f l y e r  p l a t e ,  which i s  a  t h i n  d i s k  o f  polyimide 
(Kapton) 1 mm i n  d iameter ;  t h e  charg ing  vol tagci 'a$pl ied t o .  t h e  capac i -  ,. 

t o r  d i scha rge  f i r e s e t  i s  used t o  p r e s e l e c t  t h e  'des i red  v e l o c i t y  of  t h e  
f l y e r  p l a t e .  I t s  impact on t h e  c s p l o s i v e  in t roduces  a r e c t a n g u l a r  
p r e s s u r e  p u l s e ,  P ,  nllose ampli tude depends on t h e  v e l o c i t y  of  t h e  f l y e r  
a t  impact and t h e  sllock p r o p e r t i e s  of  t h e  f l y e r  and t h e  exp los ive .  The,:  
d u r a t i o n  of t h e  p u l s e ,  T ,  depends upon f l y e r  t h i c k n e s s .  The t e s t  ob- ; 
j e c t i v e  i s  t o  e s t a b l i s h  t h e  c r i t i c a l  p r e s s u r e  a t  a  given d u r a t i o n  which .' 
r e s u l t s  i n  a  508 p r o b a b i l i t y  of de tona t ing  t h e  explos ive .  The d a t a ,  
p re sen ted  i n  a  l og  P- log.^ p l o t ,  gene ra t e  a  demarcation l i n e  between i 
d e t o n a t i o n  and nondetonat ion reg ions . :  

I n  ou r  experiments t h e  impact p r e s s u r e  was i n  t h e  range  o f  1 t o  I 
10 GPa and t h e  d u r a t i o n  from 0.039 t o  0.070 ys .  We eva lua ted  pentaery-  ; 

t h r i t o l  t e t r a n i t r a t e  (PETN) and t h r e e  forms of h e x a n i t r o s t i l b e n e  (HNS). i , . 

For both  m a t e r i a l s  t h e  v a r i a t i o n  of t h e  th re sho ld  s t imu lus  wi th  i n i t i a l  
compaction d e n s i t y  was measured. S ince  a  s i n g l e  f l y e r  t h i ckness  was ; 

used i n  a l l  b u t  one of t h e  experiments;  t h e  d a t a  f o r  each exp los ive  give. 
on ly  a  s i n g l e  va lue  ( P ,  T)  on t h e  demarcat ion l i n e  which s e p a r a t e s  
de tona t ion  from nondetonat ion.  Addi t iona l  t e s t s  with o t h e r  f l y e r  thick- '  
'nesses  a r e  needed t o  d e f i n e  t h i s  l i n e  ove r  a  broad range o f  T .  

This  new technique  employs convent iona l  l a b o r a t o r y  equipment and a  : 
s i n p l e ,  inexpens ive  t e s t  device .  Tile i n i t i a t i o n  s t imulus  may be ex- 
p re s sed  i n  a  c l e a r l y  def ined  form which i s  d i r e c t l y  a p p l i c a b l e  t o  s a fe ty ,  
o r  performance ,computations. 
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I n t r o d u c t i o n  

The i n i t i a t i o n  s e n s i t i v i t y  .of  explos ivks  has been measured by many 
methods. Some o f  t h e  more conunon ones a r e  inc luded  i n  Table  I .  These 
'and s i m i l a r  t e s t s  p rov ide  use fu l  in format ion  t o  t h e  experimenter  and' 
permi t  t h e  ranking  o f  explos ives  according t o  t h e i r  r e l a t i v e  s e n s i -  
t i v i t y  va lues . '  One s e r i o u s  l i m i t a t i o ~ l o f  tl;ese t e s t s  i s  t h a t  t h e  i n p u t  
s t imu lus  d e l i v e r e d  t o  t h e  exp los ive  has no t .been  q u a n t i f i e d .  Rank-order 
l i s ts  generated by one 111et1zod a r e  o f t e n  d i f f e r e n t  from rankro rde r  l i s t s  ' -  

genera ted  by ano the r  method. A more complete c h a r a c t e r i z a t i o n  o f  t h e  
i n p u t  s t imu lus  might e x p l a i n  some o f  t h e s e  anomalies o r  s e n s i t i v i t y  
r e v e r s a l s .  Two such  cases  have been analyzed (1) whicll confirm t h i s  
need f o r  an a c c u r a t e  d e f i n i t i o n  o f  t h e  inpu t  s t imu lus .  

The impact of  a  t h i n  f l y e r  p l a t e  on ari exp los ive  provides  a repro-  i 
, . 

d u c i b l e  means f o r  applying a  p r e s s u r e  whose i n t e n s i t y ,  P ,  and du ra t ion ,  i 
T,  a r e  independent ly  c o n t r o l l e d .  Walker and h'asley (2) have shown t h a t  j 
an independent assessment of  P and T i s  e s s e n t i a l  t o  d e f i n e  t h e  th re sh -  i 
o l d  i n i t i a t i o n  s e n s i t i v i t y  based on t h e  c r i t i c a l  energy concept f o r  j - 
"explosives such a s  PBX-9404 and TNT . ~ e ~ o n ~ u e v i l . l e  showed t h a t  'some 
6xplos ives  do n o t  fo l low t h e  c i r t i c a l  energy concept  b u t  can be charac-  

.' 

t e r i z e d  by a  c r i t i c a l  curve  i n  t h e  pressure- t ime p lane  (1 ) .  

I t  i s  t h e  i n t e n t  of  t h i s  r e p o r t  t o  d e s c r i b e  a  t e s t  method which 
u t i l i z e s  a  s imple ,  f l y e r - p l a t e  impact system t o  provide  a  f u l l y  charac-  
t e r i z e d  i n p u t  s t imu lus  f o r  i n i t i a t i o n  s e n s i t i v i t y  t e s t i n g .  Th i s  dev ice  
can be used t o  map ou t  the,  c r i t i c a l  l i n e s  o r  curves which d e s c r i b e  
s e n s i t i v i t y  t o  shock f o r  exp los ive  m a t e r i a l s .  

Exper i~nenta l  Technique 

T e s t  Device 

A smal l  t e s t  device ,  i d e n t i f i e d  a s  t h e  TC-817, was used t o  provide  
t h e  i n p u t  shock' s t imu lus .  This  device ,  which was o r i g i n a l l y  conceived 
by St roud  ( 3 ) ,  i s  shown i n  F ig .  1 a long  w i t h  t h e  accep to r  p e l l e t .  The f, 

f i r i n g  s e t  was a c a p a c i t o r  d i scha rge  u n i t  whi'cl~, when d ischarged ,  
a p p l i e d  a c u r r e n t  p u l s e  through t h e  metal  b r i d g e - f o i l ;  t h i s  ~ a p o r i z e d  I 
. t he  f o i l ,  p r o p e l l i n g  t h e  ~ a p ' t o n  f l y e r  t o  t h e  d e s i r e d  impact v e l o c i t y .  1 
The v e l o c i t y  determined tl ie impact p r e s s u r e  i n t e n s i t y  and t h e  f l y e r  
t h i ckness  determined t h e  p r e s s u r e  d u r a t i o n .  S ince  t h e  shock impedance 
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'of t h e  f l y e r  was l e s s  t han  t h a t  o f  t h e  exp los ive ,  a  we l l - con t ro l l ed ,  
! 
: s i ng le - s t ep ,  r e c t a n g u l a r  p u l s e  was in t roduced  i n t o  t h e  t e s t  exp los ive . .  
1 I Two methods were used t o  c a l i b r a t e  t h e : ' f l y e r  v e l o c i t y  a s  a  func t ion !  
of  e l e c t r i c a l  i npu t .  The s t r e a k  camera method i s  i l l u s t r a t e d  . i n  Fig.  2  .) 
The camera was a  Beckman and Whitely Model 189 which provided a t iming  1 
accuracy o f  t 1/4% and a t o t a l  measurement accuracy over s h o r t  f l i g h t  
d i s t a n c e s  of app rox i~na te ly  -'- 5%. . , 

During a t e s t  on t h e  TC-817, l i g h t  i s  produced when t h e  copper f o i l '  
b u r s t s .  S ince  Kaptoli i s  t r a n s p a r e n t ,  l i g h t  can t r a v e l  through t h e  f l y e r  
dur ing  t h e  f r e e - f l i g h t  pe r iod .  Hence, l i g h t  is  t r a n s m i t t e d  through t h e  . 

l u c i t e  window and i s  observed wi th  t h e  camera. When t h e  f l y e r  impacts : 
t h e  l u c i t e ,  t h e  s t r e s s  produces changes i n  t h e  o p t i c a l  p r o p e r t i e s  of  t h e '  
l u c i t e  i n d i c a t i n g  t h e  t ime of impact o f  t h e  f l y e r  on t h e  window. Using ; 

o n s e t  of l i g h t  from t h e  f o i l  a s  t h e  s t a r t  t ime,  t o t a l  f l i g h t  t ime can be :  
determined over  a  p r e s e l e c t e d  i n t e r v a l .  Therefore,  average f l y e r  veloc-:  
i t y  can be  computed. The s t r e a k  caniera r eco rds  showed t h a t  t h e  c e n t e r  , 

o f  t h e  f l y e r  impacted t h e  t a r g e t  f i r s t  (by a s  much a s  0,05. p s ) ;  . .: 

A second and more p r e c i s e  method, VISAR," was .used t o  measure t h e  I 
enTire  v e l o c i t y  h i s t o r y .  D i f f e ren t  h i s t o r i e s  were measured a s  a  func- 
t i o n  o f  charg ing  vo l t age .  From t h e s e . d a t a  v e l o c i t y  ve r sus  displacement  ( 

was computed, and it was determined t h a t  a  f l i g h t  d i s t a n c e  o f  0.38 mnm ., 

was an a p p r o p r i a t e  s tandoff  d i s t a n c e  f o r  t h e  f l y e r  t o  reach  90% o r  more 
~f t e rmina l  ye loc i ty . ,  

F i g u r e - 3  shows the f l y e r  v e l o c i t y  f o r  t h i s  s t andof f  d i s t a n c e  ve r sus  
charging vo l t age .  The s t r e a k  camera d a t a  a r e  a l s o  g iven  f o r  comparison 

' 

b u t  were no t  used i n  subsequent c a l c u l a t i o n s .  The d a t a  i n . F i g .  3 a p p l y - :  
on ly  t o  a s p e c i f i c  f i r i n g  s e t  whose lumped c i r c u i t  c h a r a c t e r i s t i c s  match 
thosg  given (C = 5.32  pF, L = 180 nH, R = 88 mQ). The c i r c u i t  impedance 1 

p l a y s  a  s i g n i f i c a n t  r o l e  i n  e s t a b l i s h i n g  f lyer  veloclry. 

A more fundamental p l o t  (5) of  t h e  d a t a ,  f l y e r  v e l o c i t y  ve r sus  
b u r s t - c u r r e n t  d e n s i t y  ( b u r s t  c u r r e n t / c r o s s  s e c t i o n  o f  f o i l )  , i s  g iven  i n  
F ig .  4 .  This  p r e s e n t a t i o n  i s  independent of t h e  c i r c u i t  c h a r a c t e r i s t i c s . '  

'Note t h a t  t h e  f i t  i s  l i n e a r  when t h e  b u r s t - c u r r e n t  d e n s i t y  i s  g r e a t e r  
t h a n  400 G A / ~ ~ .  The n o n l i n e a r i t y  below 400 G A / ~ ~  probably r e s u l t s  from 

: * 
Acro~lylli f o r  Ve loc i ty  In t e r f e rome te r  System f o r  Any R e f l e c t o r ;  
o p e r a t i o n a l  d e t a i l s  i n  Ref. 4. , 

................................................................:.................... , ........ i 
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t h e  i n f l u e n c e  of  f l y e r  s h e a r  p r o p e r t i e s  and o t h e r  edge e f f e c t s .  S ince  
v e l o c i t y  measurements by VISAR a r e  a c c u r a t e  w i t h i n  t 1% and b u r s t -  
c u r r e n t  d e n s i t y  measurements w i t h i n  + 2%, system accuracy w i t h i n  + 2.5% 
i s  r easonab le  f o r  t h e  d a t a  i n  F ig .  4 .  I 

. . . . . . . .  . . . .  - . . . . . .  

A charg ing  v o l t a g e  of about  600 V (corresponding t o  a burs t -cur ren t1  
!dens i ty  o f  180 ~A/rn') r ep re sen ted  t h e  minimulii e l e c t r i c a l  i npu t  f o r  which! 
:any f l y e r  v e l o c i t y  was achieved; a t  l e s s  t han  600 V t h e  f l y e r  was per -  : 
, turbed by t h e  e l e c t r i c a l  d i scha rge  and showed some bulg ing ,  bu t  d i d  no t  
s h e a r  o u t  and achieve  f r e e  f l i g h t .  

T e s t  Procedure 

The fo l lowing  s tep-by-s tep  procedure was ,used t o  conduct an i n i t i a -  
, t i o n  s e n s i t i v i t y  t e s t  on a  t y p i c a l  exp los ive .  . , 

' !  

1. The group o f  t e s t  devices  were assembled. 'per  E'ig.' 5. . I 

'. 2. The 'chargirig v o l t a g e  was p r e s e l e c t e d  t o  p rov ide  t h e  des i red  . , 
f l y e r  v e l o c i t y  (e .g . ,  2000 v o l t s  f o r  2.40 ~ n m / ~ s )  . , : : 

I .  

3 .  For each  s h o t  t h e  c u r r e n t  th rough t h e  b r i d g e - f o i l  and t h e  
v o l t a g e  a c r o s s  t h e  f o i l  were recorded  on o s c i l l o s c o p e  
t r a c e s  ( see  F ig .  6 ) .  Burs t  c .ur ren t  was t h a t  va lue  i n  : 
tinie a t '  which t h e  v o l t a g e  peak occurred .  Explosive response,  i 
i. e . ,  detor iat ion o r  nondetonat ion,  was noted by measuring 
t h e .  tinie from f ly.er  i ~ u p a c t  t o  shock ou tpu t  and comparing 
t h i s  v a l u e  w i t 1 1  t h a t  c a l c u l a t e d  f o r  s t e a d y  de tona t ion .  , , .  

Rough equivalency of t iming  i n d i c a t e d  de tona t ion .  Dent 
b lock  response  was a l s o  noted.  Lack o f  an a u d i b l e  "bang" 
suppor ted  by lack  o f  powder consumption were obvious 
i n d i c a t i o n s  'of nondef ona t ion .  

4. An 'luy-down" method, i n  which t h e  charg ing  v o l t a g e  was 
ad j  us ted  upward a f t e r  a  nondetonat ion and downward a f t e r  
a  de tona t ion ,  was used t o  determine t h e  t h r e s h o l d  vo l t age .  
Threshold vo l t age  i s  t h a t  v a l u e  o f  charging v o l t a g e  on 
t h e  f i r i n g  s e t  which, when d ischarged ,  r e s u l t s  i n  a  f l y e r  I 

v e l o c i t y  s u f f i c i e n t  t o  induce  a  50% p r o b a b i l i t y  of  i n i t i a -  
t i o n  t o  de tona t ion .  I n  t h e s e  e a r l y  experiments ,  on ly  
f i v e  t o  n ine  samples were expended p e r  t e s t ;  a more r i g o r -  
ous a p p l i c a t i o n  of t h e  Bruceton technique  (6) wi th  a  l a r g e r  
sample s i z e  would improve t h e  s t a t i s t i c a l  accuracy o f  t h e  
d a t a .  
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5. The b u r s t  current  d e n s i t y  was determined a t  ' t h e  thresllold . . 

vo l t age  and the  corresponding f l y e r  v e l o c i t y ,  vf,, was 
taken from Fig. 4. 

..... - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  

6. Shock pressure ,  P, a t  the  explosive s u r f a c e  was de te r -  
mined g raph ica l ly  pe r  Fig. 7 using vf and tlie Mugoniot , . 
d a t a  on t h e  unreacted explosives and Kapton (Appendix A); 
p ressu re  dura t ion ,  T, was computed as  i l l u s t r a t e d .  

i 

Test  Resul ts  

Shock s e n s i t i v i t y  da ta  f o r  seve ra l  explosive types .  a r e  :contained:& 
i n  Table 11; t h e s e  i n c l u d e  t h r e e  d i f f e r e n t  forms of HNS and one form of  
PETN along with i n i t i a l  d.ensity v a r i a t i o n s  f o r  each of  t h e  two kinds of  
explos ives .  The d a t a  a r e  a l s o  presented g raph ica l ly  i n  t h e  log  P-log r : 

p.1.ot.s of Figs. .8 and 9. 

The demarcation l i n e  separa t ing  detonat ion  from nondetonation f o r  
PETN i s  shown i n  Fig .  8. The s lope  of ' the l i n e  was shown a s  -1/2 based 
on some unpublished d a t a .  A sharp dependence on i n i t i a l  dens i ty  i s  
c l e a r l y  shown. Low dens i ty  PETN i s  r e l a t i v e l y  shock s e n s i t i v e  and is 
no t  much d i f f e r e n t  from t h e  s i n g l e  c r y s t a l s  of  @-lead az ide  repor ted  on 
by Chaudhri (7 ) .  That datum i s  included f o r  comparison i n  Fig.  8. 
This does not  imply t h a t  the  present  usage of PETN i s  hazardous, bu t  it 
should encourage caut ion  i n  app l i ca t ions  where shock environments might 
provide s u f f i c i e n t  s t i m u l i .  Of course shock i s  only one of  seve ra l  
hazard environments, inc luding e l e c t r o s t a t i c  f i e l d s ,  which a f f e c t  the  

. - 
s e l e c t i o n  of an explosive.  

! 

I tLlS d a t a  a r e  given i n  Fig. 9. HNS-I1 has t h e  l a r g e s t  p a r t i c l e  
I s i z e  (150 mean length)  ; HNS-I and i-his-SF a r e  f i n e - p a r t i c l e - s i z e  
: m a t e r i a l s  (35 and 7 pm, r e spec t ive ly )  and HiqS-SF i s  supposed t o  be 
jpurer  than tLNS-I. The d a t a  show t h a t  HNS-I1 i s  l e s s  s e n s i t i v e  than 
.: e i t h e r  of t h e  o the r  two fo rn~s ;  no i n v e s t i g a t i o n  was i n s t i t u t e d  t o  

c o r r e l a t e  d i f f e r e n t  performance with s p e c i f i c  chemical o r  physica l  
j p r o p e r t i e s ,  al though . . p a r t i c l a  s i z e  probably has some e f f e c t .  

The r o l e  o f  o r i g i n a l  d e n s i t y  upon s e n s i t i v i t y  is  i l l u s t r a t e d  f o r  
HNS-SF; t h e  t r end  t'oward inc reased  s e n s i t i v i t y ,  a s  d e n s i t y  was de- . ; 
creased,  dupl ica ted  t h e  r e s u l t s  obtained f o r  PETN. 

1 . . 
! 
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3 An a d d i t i o n a l  datum f o r  kNS-SF a t  d e n s i t y  o f  1.50 Mg/m was ob- 

t a i n e d  wi th  a  f l y e r  whose t h i c k n e s s  was 0.127 mm, provid ing  a  r o f  
0.070 microseconds. The demarcation l i n e  s e p a r a t i n g  d e t o n a t i o n  from 
'nondetonat ion was assumed t o  be  a  s t r a i g h t  l i n e  connec t ing  t h e  two 
p o i n t s ;  t h e s e  d a t a  i n d i c a t e  t h e  s l o p e  o f  t h e  l i n e  t o  be approximately . 
-1/4, cons ide rab ly  d i f f e r e n t  from t h a t  for'PETN. The s l o p e  o f  t h e  
demarcat ion l i n e  i s  be l i eved  t o  be a  s i g n i f i c a n t  s e n s i t i v i t y  parameter ,  
bu t  experimental  v e r i f i c a t i o n  i s  needed. 

The "excess t r a n s i t  timell d a t a  of Table  I 1  i n d i c a t e  t h a t  a l l  sam- 
p l e s  i n i t i a t e d  promptly, 

On each expe r i~nen t  where t h e  f l y e r  v e l o c i t y  was j u s t  below t h e  
t l l reshold f o r  i n i t i a t i o n ,  post-mortem examination r evea l ed  a  c a v i t y  i n  
t h e  exp los ive  sample. Genera l ly  t h e r e  was evidence of  me l t i ng  based on .. . 

' the  g l a s s y  appea.rance of  t h e  ME s u r f a c e .  
1 6  . . 

1-4 measure o f  t h e  p r e c i s i o n  o r  r e p e a t a b i l i t y ,  o f  t h i s  t e s t  tecl1.nique' 
'is i l l u s t r a t e d  by t h e  p l o t  of Fig.  10. The constancy o f  performance i s  : 

'shorin f o r  a  2-year t ime span f o r  EbVS-SF when gaged both by bu r s t - cu r r en t :  
' dens i ty  a t  i n i t i a t i o n  th re sho ld  and by impact p r e s s u r e  a t  i n i t i a t i o n  : ., 
t h r e sho ld .  I t  i s  of i n t e r e s t  t h a t  t h e  mean p r e s s u r e  a t  t h r e s h o l d  f o r  
t h e  2-year pe r iod  was  6.8 2 0.1 GPa.. 

Conclusions and Recommendations 

A new technic(ue, en~ploying convent iona l  l a b o r a t c r y  equipment and a : 
.simple t e s t  device ,  has been 'used t o  provide  shock i n i t i a t i o n  s e n s i t i v -  .. 

i t y  d a t a .  'The i n i t i a t i o n  s t imu lus  may be q u a n t i f i e d .  The s t imu lus  is  i 
r e g u l a t e d  by f i r i n g - s e t  charg ing  v o l t a g e ,  on a  f i n e l y  a d j u s t a b l e  b a s i s .  ; . . 

: \ 

. . 
I t  was shown t h a t  t h e  t e s t  i s  capable  o f  provid ing  i n i t i a t i o n  

s e n s i t i v i t y  d a t a  which d i s t i n g u i s h e s  d i f f e r e n c e s  between exp los ive  types.  
(PETN, HIdS) . 

I t  was shown t h a t  t h e  t e s t  is  a b l e  t o  d i s t i n g u i s h  changes i n  
' s e n s i t i v i t y  due t o  d i f f e r e n c e s  i n  i n i t i a l  d e n s i t y  (PETI'J, HNS) and t o  
, d i f f e r ences  i n  morphology (HNS) . 
. . I t  was shown t h a t  t h e  t es t  has  t h e  p o t e n t i a l  f o r  good p r e c i s i o n .  , 

.Planned f u t u r e  work inc ludes  t h e  fo l lowing:  



. . .  . .  ' . 
.... 

Obta in  P- r  s e n s i t i v i t y  d a t a  f o r  a  range o f  p u l s e  d u r a t i o n s  . . 

s o  t h a t  an a c c u r a t e  demarcat ion l i n e  niay be e s t a b l i s h e d  
f o r  each sample formul.ation. . . 

Q Improve t h e  one-dimens i o n a l  cha rac t e r  o f  t h e  t e s t  . 
Thi s  i nc ludes  provid ing  b e t t e r  f l y e r  p l a n a r i t y  a t i m p a c t  
and a s s u r i n g  adequate' f l y e r  d iameter ,  e s p e c i a l l y  f o r  ex- 
p l o s i v e s  t h a t  e x h i b i t  long growth-to-detonation d i s t a n c e s  
o r  l a r g e  t t c r i t i c a l ' l  d iameters .  

Extend t h e  f l y e r  v e l o c i t y  ach ievab le  i n  both  d i r e c t i o n s .  

0 Expand t h e  d a t a  bank o f  Mugoniot d a t a  f o r  unreac ted  
exp los ives  (or  o t h e r  e n e r g e t i c  m a t e r i a l s )  . 
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TABLE I .  i 
j 
1 

. 

Some Common l n i t i a t i o n  Sens i t i v i t y  Tests ! 

I 
t I 

. :  

. . . 
Test M e t h o d  Reference (No. ) . ,  

. i 
$, 
.> 
', 
. '  

., . 
4' .. 
t 

:, . 
i: 

.; 

r 

.' 

, 

': . ! I 
i . ; S m a l l  S c a l e ~ a ~ T e s t  A y r e s  (8) . 

2 :  . . .  
. . 

. i 
- .  

. . 
. . . .  '- . . 

' ' '. USAMC (9) 
, : R i f l e  B u l l e t  impac t  '.. ..,.; : I 

i; 
, . I . : ; .  j 

o ' Susan  Test . . Dobratz (10) 
. , ,  

Drop Hammer  I mpact Test USAMC ( 9 )  . i 
f :  - . 

Skid Test . . . .  
I 

Dobratz (10) ; 

. . 

. . .  

; . 

1 . .  

. 

. 

. . 
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TABLE I I - 

S u a m a r y  of In i t i a t ion  Sensit ivi ty Data for  PETN and HNS 
r- 

Cur ren t  I Flyer I: 

. at veloci ty at l ni t ia t ion Conditions 
Density Th Threshold i 

3 Excess Transi t  :; 
(GAI m2) : Explcisive (Mqlrn ) (mmlps)  P (GPa) T (ps) Ti m e" (,us i ! 

! HNS I 1.60 755 2.42 .. 7.2 
t! 

.040 -0.01 
i ;I 

1 HNS II 1.60 910 . 2.73 8.3 .039 +O. 04 i 
I ! i 

j 

f i HNS-SF I. 60 7 10 2.37 6.9 .040 0.00 ' . I  ' 
i 1.50 660 2.26 6.5 .041 - i 
t 1.50 7 60 2. 05 5. 8 .070 I 
2 .i 

- 
1 I. 30 640 2.22 6.4 ,041 +O. 01 .i 
i ! 
I : ? 
; * 1 
I ' Difference in elapsed t ime between: (1) f lyer impact o n  t h e  acceptor until shock output and . 

I 

. . 
1 
I 

(2) t ime for steady detonation to have occurred over t he  i 

, . 
: 

same distance. Estimated accuracy 20.01 ps .  ! i 
. I . 0 0  

i i 
' ' Taken from Fig. 3 - - 

! 
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Fig .  1. Exploded View of the TC-817 with Acceptor Explosive 
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HOUSING . . 

, '  
. . I : 

CITE (PMMA) WINDOW I #. 

; : . . 
. , 
I 
! ; . . 
,' . . : 

. . .  1 ; 

. . . . . . .  . . . . .  . . - 
I i i . . . , 

0 Bar re l  Length, x WRITING SPEED 1 j 
10.0 mmlps r : 

@ Light  i s  Generated by 1 ;  
Burs t ing  F o i l  1 ; 

i : 
. . 

o Light  I n t e n s i t y  F l u c t u a t i o n s .  i 
! a r e  Rela ted  t o  t h e  Double 1 : .  

T r a n s i t  of t h e  Shock through 
t h e  Kapton I 

! '  

s Impact o f  Flyer/PMkIA i s  Given / 
by a Sharp Change i n  I n t e n s i t y ;  
t is  t h e  F l i g h t  Time. 
f . . .  . . .  -- 

Fig .  2 .  Schematic Drawing f o r  S t r eak  Camera 
Measurement o f  'Flyer Veloc i ty  , 



F I  RESET CHARGING VOLTAGE, kV 
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Fig. 3. Flyer Velocity vs Charging Voltage 
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Fig. 4. Flyer velocity vs Burst Current Density 





BURST 

. . Fig. 6. Typical ~scilloscope Record and 
' Measurement Circuit 



PART! CLE VELOCITY (u) . D I S PLACEMENT (XI + 

P  = Pres su re  Imparted t o  Acceptor  I'ihen Kapton 
Impacts a t  Ve loc i ty ,  v 

f . . 

where 

T = Pul se  Durat ion o f  P  
1 

R = Thickness o f  F l y e r  

u  = P a r t i c l e  Veloc i ty  i n  F lye r  A 

pA = O r i g i n a l  Dens i ty  o f  F l y e r  

I , 
I F i g .  7 .  Graphical  ~ o l u t i Q n .  t o  Determine P and r from 
: '  I 1 

i 
P - u  and x- t  Diagrams 
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NONDETONATION 

t 

DURATION OF PRESSURE, 7 

Fig. 8. Initiation Sensitivity of PETN 
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- PULSE DURAT1,ON 
WAS 0.041 ys 
FOR ALL TESTS 

- (RECTANGULAR PULSE) 

a DETONATION 

- 0 NONDETONATION 

F i g .  10. TC-817 Performance with HNS-SF Explosive over 
% a  2 Year Period 
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