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EX9MINATION OF SOME PROPOSED RELATIONS AMONG 

HE SENSITIVITY DATA 

Donna Pr i ce  

Naval Surface Weapons Center, White Oak, 
S i l v e r  Spring, MO, 20910, U.S.A. 

ABSTRACT 

Recent data co l l ec ted  from t h e  l i t e r a t u r e  were used t o  t e s t  

t h e  general a p p l i c a b i l i t y  o f  proposed empir ica l  co r re la t i ons  o f  

s e n s i t i v i t y  data o f  h igh  explosives (HE) and propel lants .  It was 

found t h a t  t h e  re la t i onsh ips  were not appl icable t o  a l l  

explosives. I n  p a r t i c u l a r ,  i n s e n s i t i v e  h igh explosives and 

propel lants  d i d  not conform t o  the  empir ica l  equations. 

INTRODUCTION 

A t  t he  Seventh Detonation Symposium, Weston e t  a1 .l proposed 

a number o f  empir ica l  c o r r e l a t i o n s  among var ious s e n s i t i v i t y  

parameters o f  a r e s t r i c t e d  number o f  explosives. 

t h e  symbols and def ines those parameters o f  i n t e r e s t  t o  t h e  

present study. 

ava i l ab le  data f o r  f ou r  o f  these var iab les i n  order t o  determine 

the  range o f  a p p l i c a b i l i t y  o f  some o f  t h e  proposed 

Table 1 l i s t s  

It i s  t h e  o b j e c t i v e  o f  t h i s  study t o  compile 
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re la t i onsh ips .  

o f  t h e  emp i r i ca l  r e l a t i o n s  f o r  o t h e r  exp los ives  than t h e  few 

considered i n  Ref. 1 i n  o rde r  t o  avo id  t h e i r  use i n  development 

f i e l d s  f o r  which they  may n o t  be appropr ia te .  

ques t ion  addressed here i s  whether these r e l a t i o n s  are genera l l y  

app l i cab le  t o  t h e  spec ia l  f i e l d s  o f  i n s e n s i t i v e  h i g h  exp los ives  

(IHE) and convent iona l  composite p rope l  1 ants. 

It i s  p a r t i c u l a r l y  impor tan t  t o  t e s t  t h e  v a l i d i t y  

I n  p a r t i c u l a r ,  t h e  

TABLE 1 

HE PARAMETERS CONSIDERED 

Symbol I O e f i n i t i o n  

Radiu o f  Ex te  p r imer  i n  Minimum Pr iming  Test $ = (mass Extex, mg)/3.20445 (MPT) . 
Run d is tance  t o  de tona t ion  i n  t h e  wedge t e s t  
when t h e  i n i t i a l  p ressure  i s  8.3 GPa. 

h a 

~ ~ ( 8 . 3 )  2 

dC 

E 

L 

C r i t i c a l  d iameter f o r  p ropagat ion  o f  s teady-s ta te  
de tonat ion .  

C r i t i c a l  f l y i n g  p l a t e  k i n e t i c  energy f l uence  

50% gap th i skness  i n  t h e  L A N  l a r g e  sca le  gap 
t e s t  (LSGT) 

METHOD 

Reference (1) used t h e  c r i t i c a l  f l y i n g  p l a t e  k i n e t i c  energy 

f luence ( E )  t o  show an exponent ia l  r e l a t i o n s h i p  between E and L 

and l i n e a r  r e l a t i o n s  between E and each o f  t h e  group: 

a, x (8.3), and dc. 
* 

By e l i m i n a t i n g  E f rom t h e  a n a l y t i c a l  
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r e l a t i o n s  presented, t he  f o l l o w i n g  equat ions are obtained. 

x*(8.3) = a (1 )  

dc = 0.685 C ~ ~ ( 8 . 3 )  o r  a], o r  

l o g  [x*(8.3)or a] = 0.16435 + l o g  dc ( 2 ' )  

l o g  dc = 2.0316 - 0.03437 L (3 )  

Eqs. (1) through (3), where a l l  dimensions a re  i n  mm, can be used 

t o  study t h e i r  ranges o f  a p p l i c a b i l i t y .  

The re levan t  data t h a t  have been found i n  t h e  l i t e r a t u r e  a re  

c o l l e c t e d  i n  Table 2 ;  t h e  reference f o r  each datum i s  a l s o  

shown. It i s  obvious tha t ,  f o r  t h i s  study, a p h y s i c a l l y  and 

chemica l l y  i d e n t i c a l  exp los i ve  and t h e  i d e n t i c a l  charge 

p repara t i on  should be used f o r  each se t  o f  f o u r  measurements. 

i s  equa l l y  obvious t h a t  t h i s  i s  no t  always t h e  case. However, 

some supplementary i n fo rma t ion  i s  a v a i l a b l e ,  and w i l l  be  

considered i n  t h e  nex t  sect ion.  

It 

RESULTS AND DISCUSSION 

The l i n e s  drawn i n  Fig. 1 (x*  vs a )  a re  f o r  Eq. 1; t h e  p o i n t s  

a re  f o r  a l l  r e levan t  data a v a i l a b l e  i n  Table 2. It i s  ev iden t  

t h a t  Eq. 1 cannot h o l d  f o r  m a t e r i a l s  e x h i b i t i n g  a nega t i ve  r e s u l t  

i n  t h e  minimum p r im ing  t e s t  (MPT). Th is  i s  i n d i c a t e d  i n  F ig .  la .  

The parentheses about t h e  HE name shows t h a t  t h e  x*(8.3) va lue  was 
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obtained by ext rapolat ing the  reduced data equation2 t o  a pressure 

below the range studied t o  der ive the  equation. 

ex t rapo la t i on  i s  dubious because the re  i s  no assurance t h a t  t h e  

detonation w i l l  be i n i t i a t e d  a t  t he  lower pressure o f  8.3 GPa. 

The x*(8.3) values o f  X0219 o f  Table 1 and Ref. 1 seem t o  be t h e  

same; i t  i s  , therefore,  assumed t h a t  t h e  Ref. 1 value was a l so  

ext rapolated = t o  8.3 GPa. 

a > 11.44 mn mean t h a t  TATB and i t s  composites, PBX 9502 and 

X0219, produce negative r e s u l t s  i n  t h e  standard MPT, and hence 

cannot conform t o  Eq. 1. 

Such an 

I n  any case, t he  arrows i n d i c a t i n g  

Fig. l b  shows the data f o r  t he  more s e n s i t i v e  HE on an 

expanded scale, one comparable t o  t h a t  o f  Fig.  3 i n  Ref. 1. 

Comp B(A) and PBX 9404, the  values o f  a, x*(8.3), and dc i n  Ref. 1 

and i n  Table 2 are t h e  same. The values o f  a and dc f o r  TNT-p are 

a lso the same bu t  x*(TNT-p) o f  Table 2 i s  lower than t h a t  o f  Ref. 

1 by about t h e  amount TNT-p i s  below t h e  Eq. 1 curve o f  Fig.  lb .  

Probably f o r  i d e n t i c a l  charges and procedures, TNT-p would f a l l  

very c lose t o  the  curve o f  Eq. 1. 

b e t t e r  value of x*(8.3) i s  requi red t o  determine i t s  exact 

pos i t ion.  These few data appear t o  con f i rm  Eq. 1 f o r  these HE i n  

t h i s  range, although even here much more data are needed t o  

es tab l i sh  an empir ical  r e l a t i o n .  

TATB and i t s  95% and 90% composites do not  conform t o  Eq. 1. 

Since TATB i s  a r e l a t i v e l y  i n s e n s i t i v e  explos ive and a major 

component o f  many IHEs, we are fo r tuna te  t o  have these data i n  

consider ing a p p l i c a b i l i t y  t o  IHEs. 

For 

DATB might s fa l l  on t h e  curve; a 

However, as Fig. l a  i l l u s t r a t e s ,  
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Fig. 2 d i s p l a y s  t h e  data as d, vs a o r  x*. The l i n e s  are 

those f o r  Eq. 2. 

observat ions f rom Fig.  1. Moreover, t h e r e  are  several  cases i n  

which LANL values were se lec ted  because dc had a l s o  been 

determined a t  LANL. 

p r o b a b i l i t y  t h a t  t h e  two de te rm ina t ions  were made on samples of 

t h e  same exp los i ve  prepared i n  t h e  same way i f  bo th  measurements 

were made a t  t h e  same i n s t i t u t i o n .  

Only a(TNT-p) has been used i n  accord w i t h  t h e  

It was thought  t h a t  t h e r e  was a g rea te r  

Fig. 2a shows t h e  h ighes t  d e n s i t y  TATB below t h e  l i n e  of Eq. 

2, and two lower d e n s i t y  charges above it. A t  l e a s t  one va lue  of  

dc f o r  t h e  l a t t e r  i s  i n  doubt because t h e  dc vs po t r e n d  o f  Table 

2 data shows a maximum i n  d,. No such maximum i n  a d e t o n a b i l i t y  

curve  has been repo r ted  al though, i n  some cases, t h e  ex i s tence  o f  

a minimum has been es tab l i shed.  Fig.  2b has an expanded scale. 
* 

F i n a l l y  t h e  dc vs a o r  x da ta  have been p l o t t e d  i n  Fig.  3 as 

l o g  [a o r  x*(8.3)1 vs l o g  dc where t h e  l i n e  drawn i s  f o r  Eq. 2 '  

a l though another l i n e  would g i v e  a b e t t e r  f i t  t o  t h e  data f o r  PBX- 

9404, Comp B(A),  and c a s t  TNT. 

Figs. 2 and 3 t h a t ,  i n  general,  dc and a o r  x (8.3) are no t  

d i r e c t l y  p r o p o r t i o n a l .  

Eqs. 2 and 2' are: 

9502, XO219, and c a s t  p e n t o l i t e .  

RDX, TNT, and t h e i r  m ix tu res  w i l l  e x h i b i t  a l i n e a r  r e l a t i o n s h i p  

between d, and x* o r  a; such i s  f r e q u e n t l y  t h e  case f o r  a s e r i e s  

of chemica l l y  r e l a t e d  exp los ives .  It i s  a l s o  p o s s i b l e  t h a t  w e l l  

designed experiments cou ld  e s t a b l i s h  t h e  curve. However, Ba ra to l ,  

There seems l t t t l e  doubt f rom 
* 

Those exp los i ves  t h a t  do n o t  conform t o  

Bara to l ,  DATB, TATB, and i t s  composites PRX 

It i s  q u i t e  p o s s i b l e  t h a t  HMX, 
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DATE, TATB and i t s  composites would not l i e  on it. 

Although TATB does not conform t o  Eq. 2', there i s  a 

suggestion (dashed l i n e  o f  Fig. 3)  t h a t  TAT8 and 90-95% TATB 

composites, a t  e s s e n t i a l l y  voidless density, might e x h i b i t  another 

l i n e a r  r e l a t i o n s h i p  analogous t o  t h a t  o f  t h e  PBX 9404--Comp B 

l i ne .  

l i ne ;  t h i s  ra ises the quest ion o f  whether any porous charges 

conform t o  Eqs. 1-3. 

If so, however, t he  lower densi ty TATBs do not  f a l l  on t h a t  

Fig. 4 d isp lays the  data o f  Table 2 i n  a t e s t  o f  Eq. 3, t h e  

l i n e  shown i n  the  f igure.  

conform are ni t roguanidine, (NQ) (h igh and low bulk  densi ty) ,  

Baratol ,  cast  TNT, TATB, PBX 9502, cast  c y c l o t o l  , Comp 6-3, and 

pen to l i t e .  

LSGT data f o r  t h i s  ma te r ia l  were not available.) Most o f  these 

explosives are r e l a t i v e l y  shock i n s e n s i t i v e  according t o  t h e  LSGT; 

as i n  t h e  case o f  Eq. 2, t h e  s e n s i t i v e  HE, pen to l i t e ,  i s  t h e  

extreme exception. 

I n  t h i s  case, t h e  HE t h a t  do not  

(Very probably X0219 would also be o f f  t h e  curve, b u t  

I n  the  case o f  simple composite propel lants ,  we have very 

l i t t l e  data indeed. The best a v a i l a b l e  are those f o r  the SOPHY 

propel lant  and i t s  var iants  con ta in ing  5-9.2% RDX, a lso quoted i n  

Ref. 1. The p rope l l an t  i t s e l f  i s  an o x i d i z e r / f u e l  mix cons is t i ng  

o f  AP/PBAN/Al and designated AN6-322615. 

given i n  Table 3. 

The c r i t i c a l  diameter o f  t h i s  propel lant ,  even when 9.2% RDX 

The re levant  data are 

has replaced t h a t  amount o f  ammonium perchlorate (AP), i s  so l a r g e  

t h a t  t he  MPT would be negat ive and x*(8.3) could not  be determined 
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from a standard wedge t e s t .  

t h e  5-7% RDX mix tu res  w i t h  dc > 1.625 in., t h e  diameter i n  t h e  

LSGT. The 9.2% RDX compos i t ion  (dc = 1.34 in.) might have a 

p o s i t i v e  r e s u l t  when t e s t e d  a t  L l d  o f  2.46. 

composite, even w i t h  t h e  a d d i t i o n  o f  7.1% RDX, cannot conform t o  

The LSGT r e s u l t  would be nega t i ve  f o r  

However, t h i s  s imp le  

TABLE 3 

CRITICAL DIAMETER DATA FOR COMPOSITE PROPELLANT ANB-3226 

*Binder and A1 conten t  kep t  cons tan t  a t  15% each. 
equal amount o f  AP, t h e  o n l y  component which i s  an exp los ive .  

RDX d i sp laces  

Mater i  a1 * 

ANB 

ANR-I /RDX 
95/5 

AP 
% - 

d c I 5  
mm 

70 1615 

65 146 

ANB- I I /RDX 62.9 66 
92.917.1 

A N B - I I I / R D X  
90.819.2 

60.8 

Eqs. 1-3. 

s ince most HE which do no t  conform t o  Eqs. 1-3 a re  t h e  l e s s  

s e n s i t i v e  exp los ives  o f  r e l a t i v e l y  l o n g  r e a c t i o n  zones, n e i t h e r  AP 

n o r  ammonium n i t r a t e  (AN) would be expected t o  conform. 

S i m i l a r l y ,  s imple composites o f  h i g h  AP conten t  would he expected 

no t  t o  conform. The behav io r  o f  ANB-3226 i s  c o n s i s t e n t  w i th  t h i s  

expectat ion.  

AP i s  t h e  major component (70%) o f  t h i s  p r o p e l l a n t  and 
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1 Weston e t  a1 consider t h e  large f a i l u r e  diameters of ANB- 

3226 conta in ing 5-9.2% ROX anomalous. 

t h e  unadul terated p rope l l an t  i s  t y p i c a l  o f  simple composites, and 

However, the l a rge  dc fo r  

add i t i on  o f  on l y  

b r i ngs  i t  w i t h i n  

HE. Thus, AP o f  

5% ROX reduces i t  over 10-fold. That reduct ion 

the range o f  dc o f  t he  r e l a t i v e l y  i n s e n s i t i v e  

10pm a t  80% TMD has dc = 75 mm16 and NQ-h a t  90% 
.- 

TMD has d, = 64 mn." A t  vo id less densi ty  t h e  c r i t i c a l  diameter 

would be & g r e a t e r  i n  both cases, bu t  no one has attempted t o  

measure i t  f o r  e i t h e r  mater i  a1 . 
CONCLUSIONS 

Relat ionships described by Eqs. 1-3 are no t  appl icable t o  a l l  

Most explosives which do not  conform explosives and propel lants .  

are those t h a t  are r e l a t i v e l y  i n s e n s i t i v e  and t h a t  have long  

react ion zones (e.g., TATB and i t s  composites, NQ, and Barato l ) .  

On t h i s  basis, h igh densi ty  composites o f  AP and AN would a lso be 

expected t o  f a i l  t he  f i t  as t h e  simple composite ANB-3326 does. 

It fo l lows t h a t  these empir ica l  r e l a t i o n s  should not  be used f o r  

p red ic t i on  o f  explos ive behavior o f  i n s e n s i t i v e  h igh  explosives 

and propel lants.  

REFERENCES 

1. A. M. Yeston, J.F. Kincaid, E. James, E. L. Lee, L. G. Green 

and J.  R. Walton, "Corre la t ion o f  t h e  Resul ts  o f  Shock 

I n i t i a t i o n  Tests," Seventh Symposium ( In t . )  on Detonation, 

NSWC MP 82-334, U. S. Gov. P r in t .  O f f i ce ,  Washington, D.C., 

1981, p. 887. 

252 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
0
9
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



2. "LASL Exp los ive  Proper ty  Oata", T. R. Gibbs and A .  Popolato 

eds., ( I .  Cal. Press, Berkeley,  Cal., 1980. 

3. A. W. Campbell and R. Engelke, "The Diameter E f f e c t  i n  High- 

Dens i ty  Heterogeneous Explosives",  S i x t h  Symposium ( I n t  .) on 

Detonat ion,  ONR, ACR-221, U. S. Gov. Print.  O f f i c e ,  

Washington, D. C., 1978, p. 642. 

4. J. Walton and A. Weston, LLNL, p r i v a t e  communication, 

Oct 1979. 

5. M. J. Ur i za r ,  S. W. Peterson, and L. C. Smith, V e t o n a t i o n  

S e n s i t i v i t y  Tests", LA-7193-MS, Apr 1978. 

Dobratz, ed., UCRL-52997, 6. "LLNL Explosives Handbook", B. M. 

Jan 1982. 

7. I. J a f f e  and D. P r i ce ,  ARS Journa 

8. N. L. Coleburn and B. E. Drimrner, 

o f  t h e  Amino-Substi tuted, Symmetr 

NOLTR 63-81, May 1963. 

32, 1060 (1962). - 
"The Exp los i ve  P r o p e r t i e s  

c a l  Tr i n i t  roben zenes " , 

9. D. P r i c e  and A. R. Cla i rmont ,  Jr., "Exp los ive  Behavior o f  

N i t roguan id ine , "  12 th  Symp. ( I n t . )  on Combustion, The 

Combustion I n s t i t u t e ,  P i t t s b u r g h ,  1969, p. 761. 

10. €3. M. Oobratz e t  a l . ,  "The S e n s i t i v i t y  o f  

T r i  ami n o t r  i n i  trobenzene (TATB ) and TATB Formu 1 a t  i ons : 

Sumary  Report , ' I  LLNL, UCIO-17808, Sep. 1978. 

11. W. 6 .  Cybulski ,  W. Payman and D. Id. Woodhead, Proc. Roy. 

SOC.. (London), m, 51-72, (1949). 

253 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
0
9
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



12. LLNL Data Rase System f a r  Minimum Pr im ing  Charge Test,  

1985. 

13. L. N. S tes i k  and L. N. Akimova, Russ. J. Phys. Chem., 2, 
148 (1959). 

14. V. K. Bobolev, Dokl. Acad. Nauk SSSR, 57, 789 (1947). 

JPRS: 4026. 

15. R. B. E l w e l l ,  0. R. I r w i n ,  R. W. V a i l ,  " P r o j e c t  Sophy- 

S o l i d  P r o p e l l a n t  Hazard Program," TR AFRPL-TR-67-211, 

Aug. 1967, Vol. 1, A i r  Force Racket P ropu ls ion  Lab., 

Research and Technology D i v i s i o n ,  Edwards A i r  Force 

Base, M o f f e t t  F i e l d ,  Cal. 

16. D. P r i ce ,  A. '7. C la i rmont ,  Jr., and I. J a f f e ,  "Combust. 

Flame, -' 11 415 (1967). 

17. D. Pr ice ,  A. 9. Cla i rmont ,  J r .  and J. 0. Erkman, "The NOL 

Large Scale Gap Tes t  111," NOLTR 74-40, 8 Mar 1974. 

254 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
0
9
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1


