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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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Abstract: In order to studythesnfluence of constraint conditions on the non-shock ignition reaction process of CL-20-based
polymer bonded explosivePBXy,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 wréckage, 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
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intensity of the explosive. According to the pressure growth rate, the non-shock ignition reaction process under 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 A =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 2MPa and 50MPa, 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

YRR il IR ey, @iy, il 5 SN R, A2 80EG A ARR
PR RN, RS ORI« I B S 7 A . RSO R AR i s KR
(0, & 2% X0 Tk MEGE 25 iR aly K e SN AL I R AT Nk, iz R R 2L
JERAS SRR Ry £ RS, HRAGMAR KN JFE B B AOV IR, DRZAR
SAT XS HE 2 S SR ACAT BRSO ARty m K S e B AL DR b G < iy 1) B R
Lo

R AR 5 KR EZ RBLHIEAEAT Y, Dickson ZE00. VARG FE 24 i K 5 e AR 2 AL, B
S S B S RN R IAIE K, 3T 1 ROSR ZIRE R MR/ Rl S 0280 1 — ol &7 R
RSB ZVRERIERE 2 I3 E , £10 HMX JE PBX 1 2436 25§ SR et 75 vh R0 e 15 4% 3k A s B AL
REREHEAT T 34T, s KRR s S A 5 1 5 KRB 2R S A T AR R 1 I 32, 2he 245 4 e b
AR AR AR B R, DRI SR 2 RO S AR B 1 2k 1o TSRS USR5 240 TR 5 BE A
M SR E, X Hr 1 ki 5 & 6 RS R SRtk o B2 i K E B SRONEAT N
LA I vt L S S P DA 25 SR B PO, RN 2R T ) JR ARG 9 T BRI . AR BEBERY |, 4K
RS UAR T BUE T SR T W AT AR A RGR A TR N RE SN R %, e KR 25 3R T
R AL AR EAR TN 25 T AR P L B SUSE, - G218 RS A2 N Jall B B LI T) RUBE S B2 70, B DX T o
AR . Smilowitz  SFENSTER TG 5 AL ELE LS R FUR BB T A% 48, LA RUKE HEZ Y
VBV FEILRE, TR T KEZ R IR T K S BN 25 B (AR S A S AR L vl e AR A
R RN 245 2000 B N2 T BT A

FIRWEFERY], RN IETEALSE TR R S, SBURBCRIEBIE R, M ek,
S 35 T I R RO PR IS, TRl 2R 245 240 TR 5 it B M 24 e K R IR AN 2 P T A
KRR TS RNE IS AR R0, Holmes %508 O T JEZG 205 R 29 I [ R AL
WG, MEGE LI ARSE AR DS N Rl 2R L B i v TR TRR A, RAR, KRNI RS 51
RN, e R RS R A A SRR, SBUR SRR BAE K, AR R T TR
KSR AP LS ok R WA 7 — Ml R0 25 450, BT FT 7 AR R
% HMX 2 BBX SEZG 2GR AAT N, A FE LR T L 0 SN ) 5 A A 5e A A 22—
Hemd, LT 2 AGREEXS T2 240 SONAT U KR 2 RO . M B SR L T 24 I ML AL 1 2 AT LA
NS MR, A 1 I e ML A AR, IR T KR K 2 SN G2 A8 S 1 31 Jai 20
SRR, AT T LI AR S N T A R S LR AR . AT, R S AE
ARl S W2 245 S B FEREAT T 18112 13221, Duan 55023 245 il i I I (B 45 2RO 3L 2 [ B 2, Bk
TP SL AR R SO 2% S M A BRASAR R o O& T K 24 iR AR o s KA AT I 7T B A T LA
RDX. HMX NEEMTREIEZ T, 1 CL-20 Y RAT 2 N B BB — QR 2y, ATxt HAE AR ey 5
KRG REAAT AR PR Fe e b o

AR — Rl A AR 2535 E , R CL-20 3& PBX XEZ5 i £ K G IS AT N 7L,
M SR IR AR FMR L SOREIR F s e B R e A T SRR A 20 A 2 RS AT R S R A AT AR



mOE 5 &
Explosion and Shock Waves

PRI

1 REHESHE
L1 RERES 7.

NBTFEA R LR E T KR SNAAT y, RN 1 o igsSERe &, 1228 B w5 200K
Jiy Ptk UK R IE G 5RE R ME TN FeiR G, FE7eik Lin AWy, 4
FA RSy Ms6mm. 2R AR TRESGZE N AR, P VI A R R e, A3 AR Sl 7 7
[ TS BEXT X 2 BEAA TN £ R o 26 24 58 AR B T B SR e S K g b AL, BRI R TP A P ks e i
VAR K Z, AT 3 K 24 S0 A 1 vl vt LB A P W MR 2 24, B2 A ) B SRR LSR5 S AL
PRZIA T AT SO o 3 K2 PR RIGR ™ A PT AASHULNE 245 52 2R o ol 38T ), ARREZG SRS B
KA RV, FHP RO A ) i e A I SO A S R R S NI e R, XA
sy W NEIlESE - S

Constraint sheet

HE'sample

Overpressure sensor 1 Overpressure sensor 2

Black power
pressure senSor P

Igniter
Pl 1 0 R B R S R
Fig. 1 Diagram of test device

1.2 RERWIREE

RIS FEH, R KISTLERG21S5 i fe Ik /)2 s, R [ E R s A B, A% I BUR T 5 1
BEROEE BN 2mm, 0 AeNREL S S A i R P IS AR S AT I . o PCB A ml IS A% 148
A B AR 24 0.75m¢ P25m A1 1.75m A B AL, W&k 2 S b fe A2 22 R P A Pl ke [, B
P KL AT B O B A SR SR R SR R AL R IR AT 532 [ B A B . BRI AR
TELIH Py T A2 e il AR BT, PRET SIS S R RIB AL,  [RIP AL IR I i A o B s 2R 490 v i 6
BRG . WI P 24 55 i R 4 R A = 1) 2@, %255 RN R G4 RN K
20w



mOE 5 &
Explosion and Shock Waves

Background

Overpressure sensor

(a) The overall layout of charge and overpressure test system (b) Layout of charge and local test system
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Table 2 The overpressure peak at each position under different constraints
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Fig. 10 Overpressure peak fitting curve
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