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Experimental study on non-shock initiation reaction characteristics of
CL-20-based PBX explosive charge considering
constraint conditions
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(1. State Key Laboratory of Explosion Science and Safety Protection, Beijing Institute of Technology, Beijing 100081, China;
2. Institute of Chemical Materials, CAEP, Mianyang 621999, Sichuan, China)

Abstract: In order to study the influence of constraint conditions on the non-shock ignition reaction process of CL-20-based
polymer bonded explosive (PBX) explosives, an ignition test device with adjustable mechanical constraints was used to study
the reaction evolution behavior of PBX explosives under different constraints. Based on the high-speed camera image and the
recovered shell wreckage, the influence of constraint conditions on the reaction rate and reaction intensity of the charge was
analyzed respectively. The pressure change in the process of charge reaction was recorded by pressure sensor, and the
evolution behavior of non-shock ignition reaction of explosive was analyzed. The overpressure time history of air shock wave
at different positions was measured by overpressure sensor, and the detonation test of PBX was carried out. Based on the
overpressure peak at the same position of the two types of tests, the relationship between constraint conditions and charge
reactivity was further analyzed. The results show that weakening the mechanical constraint strength can reduce the reaction rate

and the reaction intensity of the explosive. According to the pressure growth rate, the non-shock ignition reaction process under
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the constraint condition is divided into two stages. As the constraint strength increases, the distinction between the two reaction
stages is gradually not obvious, and the first stage quickly transitions to the second stage. The parameters determined in the
calculation formula of detonation overpressure peak of CL-20-based PBX explosive are 4 = 0.289, B =—1.041, and C = 2.224.
The constraint conditions have a significant effect on the reactivity of the explosive charge. When the shell thickness is 6mm
and the strength of the constraint plate is 2 MPa and 50 MPa, the reactivity of the explosive is 0.11 and 0.14, respectively.
When the shell thickness is 20 mm and the strength of the constraint plate is 2 MPa, the charge reactivity is 0.31. It can be seen
that the reaction intensity of CL-20-based PBX explosive can be effectively reduced by weakening the mechanical constraint
strength.

Keywords: CL-20; explosive charge; constraint conditions; pressure evolution; reaction characteristics
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Table 1 Test constraints

i h/mm p,/MPa
1# 20 50
2 20 2
3# 6 50 g
44 6 2 BT e Weseele T T Wy

P13 CL-20 3 PBX #2ltE
Fig.3 CL-20-based PBX bare explosive
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Fig. 4 Evolution process of shell fragmentation and explosive reaction under different constraints
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Fig. 5 Deformation of shells and bases after reaction of different constrained charge
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Fig. 6 Change of internal pressure of shell under different constraints
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Fig. 8 Overpressure of shock wave under different constraint conditions
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Table 2 The overpressure peak at each position under different constraints

R W (E/MPa
X5 h/mm p/MPa R/m
TWIE1 W2 i E3
0.75 - - -
1 20 50 1.25 - - -
1.75 0.134 0.091 0.113
0.75 0.480 0.517 0.499
2 20 2 1.25 0.230 0.170 0.200
1.75 0.082 0.092 0.087
0.75 0.319 - 0.319
3 6 50 1.25 0.096 0.086 0.091
1.75 0.043 0.044 0.0435
0.75 0.255 0.268 0.2615
4 6 2 1.25 0.087 0.081 0.084
1.75 0.042 0.041 0.0415
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Fitting curve * h=6:mm, p=50 MPa
& 4 h=6 mm, p;=2 MPa
0.12 4=0289 047
- B=—1.041
& C=2.224 L
0.3
= 0.08 =
3,
<
02F
0.04
0.1F
O i 1 1 1 1 1 0 1 1 1
2 3 4 5 6 0.75 1.25 1.75
R/(m-kg™'?) R/m
K10 RIS Ik B 1T RRIZAR R T 2 24 00 B e
Fig. 10 Overpressure peak fitting curve Fig. 11 Reaction degree of charge under different

constraint conditions
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JR Bk i — A X2 2 1 B 0 B) 1 2 e T R S AR ST

3 & it

R FEA RALAR 20 25 F T CL-20 3 PBX K25 B3R vy s K RN, SR T 20 R0 n] AR i K 2524 2 7%
A, A SE U R SO AR B S TR SR B, U X 2 2 I 2 SR B, R T CL-20 K& PBX KE 25 AEAN[F]
LYT RN RIS, X R I ZURR B | Se AR N ) A SO R AT T R A, AR .

(1) CL-20 %& PBX ¥E 2245 25k wfr s i AR B 9 il R 32 5 A0 SR 20 SRR s AH DG, L iy ol o8 I
245 SN J) B0 R A 2 TR R T 0 55 17 R A1

(2) YYF T CL-20 %& PBX #EZ5E vty s KOG OVt B2 00k 2 AN B Be: 55 1 BB 35 K AH X 2%
P8, K24 0 R R A 55 2 B B R S B R R T A, R RS BRI K Bl A SRR A i, K 2%
2 NGRS 1 B B 1) 55 2 [ B A4 Ao VA i i) 48 5 4

(3) LY AN CL-20 JE PBX K 2425 24 9 S 7 B 52w B B2, 247250 6 mm, 293 5 38 58 2 MPa
150 MPa B, ¥E24 K0 BE 4300 0.11 F10.14, T 47254 20 mm, 293 38 &k 2 MPa B, JEZ536 25 )L
7SR 031
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