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Fig.1 Sketch of sympathetic detonation test
1—detonator, 2—booster, 3—donor charge PBX-1,
4—witness board, 5—acceptor charge PBX-2,
6—acceptor charge PBX-1
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Fig.2 Propagation of detonation wave in laminated compos-
ite charge

1—reaction zone not affected by sparse wave,

2—sparse wave surface, 3—CJ surface,

4—reaction zone affected by sparse wave
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Fig.3 Simulation model of sympathetic detonation test for
PBXN-109

1—donor charge, 2—acceptor charge, 3—air
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Table 1 The EOS of JWL for PBXN-109"*'"!
Explosive EOS A/GPa B/GPa R, R, w C/GPa-K™
unreacted 8.82x10° -3.55 15.00 1.41 0.89 2.19%107°
PBXN-109
product JWL 1341.30 32.70 6.00 2.00 0.20 1.00x107°
Note: A and B are parameters to be determined; R, R, and w are parameters to be determined; C, is the average heat capacity.
®2 PBXN-109 JZ i i Ry 2 4
Table 2 Ignition and growth reactive models parameters for PBXN-109"7'*]
/s b a X G,/GPa”-ps' ¢ d y G,/GPa’-ps! e f z Famsx  Faimax  Foamin
45500.00 0.67 0.02 8.00 0.045 0.22 0.67 2.00  4.00x107* 0.33 1.00 3.00 0.22 0.50 0.00

Note: [is the parameter of reaction rate equation, G is the parameter of reaction rate equation, G, is the parameter of reaction rate equation, a.b.c.d.e.g.x.y.z.

[N

and F_, . are parameters of reaction rate equation.
igmax > Glmax G2min

£3  PBXN-109 f A 56 45
Table 3 Results of sympathetic detonation test for PBXN-109

p./GPa
No. size/mm R/mm reaction degree &/%
reference value simulated value
1 ®101.6X300 40 detonation 27.75"% 25.68 7.5
2 ®101.6X300 60 deflagration 1.58"% 1.43 9.5

Note: R is the distance between donor charge and acceptor charge, p, is the pressure of acceptor charge, ¢ is the relative error between the simulated value and

the literature value [14-15].
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Fig.4 Simulation model of sympathetic detonation test for
laminated composite charge

1—donor charge, 2—air, 3—acceptor charge PBX-1,
4—acceptor charge PBX-2
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Table 4 The EOS of JWL for PBX-1 and PBX-2!"7"%1
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25 590 kAL 253 0 PBX-1, B Uk kA 2 b
AT H O A5
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B, Bl 2 24 WL I a5 06 i R g 3 W 4G K, e R Gk #
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U T 5, 0 T e A 6 2 1 B I A oM R 5 M T R
BELTHE BN 10 mm B, & H 2 | R IE(H R 1R
0.323 GPa, Jf HLUE(H & 132 8 T B, HoE Iy i 72 il 28
UL & 6, I By B & e 2 oK ke AR g 2 RO, TR UG, 45 LA
F PBX-1 Il FAHEFE ES 294 9.5 mm.,

EOS explosive A/GPa B/GPa R, R, 12} C/GPa-K™
PBX-1 1.48x10° -5.26 12.00 1.20 0.91 2.49%107%
unreacted JWL )
PBX-2 778.10 -5.03 11.30 1.13 0.89 2.49%107°
PBX-1 1025.45 22.57 4.91 1.37 0.29 1.00x107°
product JWL
PBX-2 654.67 7.12 4.45 1.20 0.35 1.00x107°
Note: C, is the average heat capacity.
£5 PBX-15PBX-2 XR RGBS
Table 5 Ignition and growth reactive models parameters for PBX-1 and PBX-2!"7"""]
explosive I/ps b a X G,/GPa™'ps! ¢ d y
PBX-1 10.00 0.22 0.00 6.00 0.27 1.00 0.67 1.00
PBX-2 50.00 0.22 0.00 4.00 0.00 0.00 0.00 0.00
explosive G,/GPa™ - ps™ e f z fema Frma Feomin
PBX-1 3.60 0.67 0.10 3.00 0.10 1.00 0.00
PBX-2 5.00 0.22 0.67 3.00 0.30 0.00 0.00
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Fig.5 Pressure of acceptor charge(R=9 mm)
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Fig.6 Pressure of acceptor charge(R=10 mm)
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Fig.7 Pressure of acceptor charge(R=2 mm)
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B8 WAL (R=3 mm)
Fig.8 Pressure of acceptor charge(R=3 mm)
413 EBEEEARXARBHEEZR

AWETEBETT T 15 B2 b 1 2 2 4 O i ke 2 T
JR ) FE BB 5, W3 6. PBX-14 F K B2, Xf
15 Ffr T2 50 19 20 24 70 AN [R) B 8 4 1y ol 97 3647 1 05 EL A
LAy ARAS TG SRR EE B R, JT 48 Tl S AR R R
W/INE 5B o RGeS BEAR E 5080 o CRH L B — 5 R
25) R ELW (1) PBX-2JEJE N 2 mm A, &2 &%
25 I S50 48 B 5 (8.5,9.5, 9.5 mm) 5 PBX-2 I 7 5]
PRIE R (9.5 mm) JEA — 2, Ui B 24 4l SR 24 [/ T

R IG5 TR 5 R 2 I S A AR
Table 6 Critical sympathetic detonation distances for lami-

nated composite charge with different structures

No. gy /MM dopy /mm R/mm o /% o /%
1* 0 50 +oo 2.5 73.7 38.2
2* 50 0 0 9.5 0 0

3* 2 1 8.5 10.5 19.1
4% 3 1.5 5.5 42.1 22.9
5* : 4 2 4.5 52.6 25.5
6" 5 2.5 4.5 52.6 27.3
7* 2 0.67 9.5 0 15.3
8* 3 1 7.5 21.0 19.1
9* ’ 4 1.33 6.5 31.6 21.9
10* 5 1.67 5.5 42.1 23.8
11* 2 0.5 9.5 0 12.7
12* 3 0.75 7.5 21.0 16.4
13* * 4 1 6.5 31.6 19.12
14* 5 1.25 5.5 42.1 21.24
15* 5 5 1 5.5 42.1 21.24
Note: d,,, , is the thickness of high energy charge PBX-1, d,,, , is the thick-

ness of insensitive charge, 7 is the mass ratio of PBX-1 and PBX-2; R
is the critical sympathetic detonation distance obtained by simulation,
o is the reduction percentage of critical sympathetic detonation dis-
tance compared to simple high energy charge obtained by simulation,
o, is the reduction percentage of energy compared to simple high en-

ergy charge obtained by simulation.
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PR B8 1] T R KE 2 0 i B AR R R S e MR 2 R
BE BN WA )T 52 6 3 25 O SE G . 2
G % I i AR e A B R A B PBX-T
(2 mm)/PBX-2(4 mm), Il S5 M BE 25 4.5 mm A1 T
H—PBX-1XE2, &5 % 25 5 R B 08/ T 52.6% , 10
eI/ 25.5%
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Fig.9 Relationship between energy and critical sympathetic

detonation distance for laminated composite charge

4.2 HKWHER
4.2.1 PBX-1HBIXELER

PLPBX-11E R 325, DL PBX-1 1E M & 325,
Ho At 250 55 18 5 5 e il I — 3, R R g R 2R
B3 07 0l e gt e a0, UL 0 B i B 24 e IR . Y
T ORI E N 7 mm i, Bk 2GR O WLIE AR
AT AL, UL 10, 40 T Bk ke 2 R AR R SR R .
M WAL E N 8 mm B, 8 & 22Ty ULAIE
M TC Wl ZE fL, W 11 W R e g ok R AR R R R
NE 5 PR 30 5 2R 3 W IZ RS PBX-2 K 24 lif 5t 50 45
TEE k7.5 mm,
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B10 FELH LR (R=7 mm)
Fig.10 Results of sympathetic detonation test(R=7 mm)

Yoy o

B11 A4 R (R=8 mm)
Fig.11 Results of sympathetic detonation test(R=8 mm)
4.2.2 PBX-2BEXBWER

LA RE K 25 PBX-1 45 O J2 38 25, LLBE IR 2y
PBX-2 F o 8 2 %% 24, 3l ik 50 gk 1 8 WF 5 ol AR 2
PBX-2 B lfi - 50 A 0 B, X0 A Jy WL PET 122, FErfr D Oy
FERAEH A NPy PR T R 2 R )
T Jee 5t A X 0, 3K 6 45 SR o e 0L 0 DL Al 2 LA
DL, T B A 2 24 B 0y A5 4, X 4 R DL 1 2b, Bk
BT HIES g O mm I, B 2 R MRS I Wi LA

[

RS S/

b. Results of sympathetic detonation test for PBX-2(R=0 mm)

12 PBX-2 3% 2550 B 30 A1 Jm 5 130 45 21
Fig.12 Sketchand results of sympathetic detonation test for
PBX-2(R=0 mm)
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254 PBX-2 JC ¥k Ml o 44 .
423 BEEGEHABERRER

N T EAEA RS 1 & R A A A hU s R T
05 B A S B AL R R F R T B2E S
BRI oY o b T SR T A R AT R L,
] B 25 T8 35 2 2 G A 2 I RE S A Lo — S B AR 25 A

RERRMR K Z L, BT T4 M AR A A SN EIZE
4325 . PBX-1(2 mm)/PBX-2(2 mm) .PBX-1(2 mm)/
PBX-2(3 mm) .PBX-1(3 mm)/PBX-2(3 mm) .PBX-1
(5 mm)/PBX-2(5 mm) , & Fl &2 45 %€ 24 1 iy 9 b 4 24
R &I, WK 13,

a. acceptor charge is composed of
PBX-1(3 mm) and PBX-2(3 mm)

b. acceptor charge is composed of
PBX-1(2 mm) and PBX-2(2 mm)

!

c. acceptor charge is composed of
PBX-1(2 mm) and PBX-2(3 mm)

d. acceptor charge is composed of
PBX-1(5 mm) and PBX-2(5 mm)

B 13 & )25 62 A =)
Fig.13

composite charge

SRR, BRI PBX-1, R AN &
R AR 4y N ARAT TG AR IR R R, GG A
56 0% BE 25 08/ T 52 B o, BE AR 4 B o, CRE LG B
— R REKEZY) W 7. AR EM . (1)PBX-1(2 mm)/
PBX-2(3 mm) 4 & 1 & A % 245 I F 51 48 10 85 e /N, oy
3.5 mm A7 LT — S BEKE 2 PBX-1, E &R 2 G 7
SARRE BN T 53.3% , BE R P 22.9% , i & 2K
G e 2 P Bl R 24 BB R, DU B g 2 A B AT 5 (2)
PBX-1(2 mm)/PBX-2(2 mm) 414 #5843 25 Ik i

Sketch of sympathetic detonation test for laminated
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P B 5 A BB L 2 PBX-1 Il S R R B — B, U
Wi B A3 2R AR e M A A B0 GE , e B RA
B2 5 A 2 P Bl O 2 PBX-2 JRE RN, X RE A
2 PBX-1 2 8 J5 77 A 9 48 55 U 1 R R ROR AT
PBX-1 7= A (1) 48 25 I AR B 22 1) 2 & AR B R, 8

PS5 W ARG S BUR IR Y R B 250, PBX-2 JE B 20
REN 3 mm B DL A o B G 2 1 R R A
(3) 5t J 12X 56 2K 45 119 116 5 90 B B 5 35 L 0 LM /N 1~
2 mm, 8 B HE ST 1 5 R BB A R AT — A

R7 TRESEGMBILRLS
Table 7 Results of sympathetic detonation tests for laminat-

ed composite charge

No. oy y/mm - dyp ,/mm - R/mm o /% o /%

1% 0 50 no detonation 100 38.2

2" 50 0 7.5 0 0

3* 3 3 5.5 26.7  19.1
4* 2 2 7.5 0 19.1

5* 2 3 3.5 53.3 229

6" 5 5 5.5 26.7  19.1
Note: d,g, , is the thickness of high energy charge PBX-1, d,,, , is the thick-

ness of insensitive charge, R is the critical sympathetic detonation dis-
tance obtained by test, o is the reduction percentage of critical sym-
pathetic detonation distance compared to simple high energy charge
obtained by tests, o is the reduction percentage of energy compared

to simple high energy charge obtained by tests.

XF Bl S 50 R B 1 (5 LA, WL IRT 14, D
FLZ5 R 5 45 a2, SR B0 BRI R
Gh) R R B LU AR I (E K, P 35 250 1.6 mm, iE B {5 B
SRR A —ERE . KBS RRN BRENEZES
B2 ok ) 77 % 5, B PBX-1(2 mm)/PBX-2(3 mm)
HAE

BEM R & ZEE SR AR AE: (1) AN F S
HEM B R GRZ, Hh s AN TR P H i 7
gt 4 R B AN TR] 5 (2) g BE KR 24 09 J5E B2 N 2R i/ T
YE 25 1 Wi AL R B, RO e ME 25 Bl 4 (B2 i T
LR BE /IS T i B A2 % D5 82 s b 200 AR T i o K T
a5 SO 7 A B g R R RN T LK O R R
AT B2 5 25 24 119 500 0 2 4 5 (3) Al JER K 24 JEE 88 M 5
KB BE (3 mm) , 75 W &R I 1 PR 1 1 e K 2 5
P )RR R U s AR DI R AN AR A A S R AT
A RE T BIORE A ke 2 ke AR R AT IO 5 (4) R BB K 24 5 el Uk
FE 25 10 JEE B LU AN BB K /DN, 65 0 2k 24 fig i IR, PR AIR A
e 24 1) (B CAS BT 9 o v B KR 245 /80 8 K 245 1 L 461
INT /20, B R AR RE R AR 25.5% UL 1) .
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Fig. 14 Comparison of critical sympathetic detonation dis-

tance between test values and simulated values
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Sympathetic Detonation Test and Simulation of Laminated Composite Charge

LI Xing-long'?, WU Kui-xian'?, LU Zhong-hua''*, GAO Da-yuan'?, HUANG Heng-jian'?, CHEN Ke-quan'?,
CHEN Hong-xia'*, KOU Jian-feng'*, WANG lJie'’

(1. Institute of Chemical Materials, China Academy of Engineering Physics, Mianyang 621999, China; 2. Robust Munitions Center, China Academy of
Engineering Physics, Mianyang 621999, China)

Abstract: Laminated composite charge is composed of two or more different charges by way of superposition, in which the safe-
ty and power performance can be regulated through the design of charge structure. To study the sympathetic detonation safety of
laminated composite charge, typical composite charges which contain both the high energy charge and insensitive charge were
selected as research objects. The effect of different charges structure on critical sympathetic detonation distance was explored
through numerical simulation and sympathetic detonation tests. Results showed that, compared to simple high energy charge,
the sympathetic detonation of composite charge decreases 53.3% (from 7.5 mm decreases to 3.5 mm), while energy decreases
22.9%. The thickness of insensitive charge must reach a certain threshold(3 mm) in order to reduce the critical sympathetic deto-
nation distance obviously. As the content of insensitive charge increases, the critical sympathetic detonation distance is closer to
insensitive charge.

Key words: composite charge;sympathetic detonation test;chock wave sensitivity ; simulation
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