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Parametric Simulation and Mechanism Analysis of PBX
Explosive Compression Molding

Liu Zhenyang, Yuan Junming®, Wang Jinying, Shang Lei, Liu Yang, Ma Jiatao
(School of Environment and Safety Engineering, North University of China, Taiyuan 030051, China)
Abstract: Addressing the challenges of directly observing the internal mechanical behavior of polymer
bonded explosives (PBX) during the compression molding process and the lack of intuitive basis for pro-
cess optimization, a secondary development of the ABAQUS simulation software was conducted. Based
on the Qt Creator platform, a parametric simulation software for compression molding was constructed ,
enabling the investigation of the impact of compression process parameters on the internal stress transfer
within the charge and the densification mechanism of explosive molding powder. The constitutive model
for compression-molded PBX explosive materials selected the Drucker-Prager Cap model, which accu-
rately described the plastic deformation and volumetric compression behavior of molding powder. Param-
eter calibration and verification of the hardening law were completed through experiments. The results

show that the simulation results are highly consistent with uniaxial compression experimental data, con-
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firming that the constitutive model effectively characterizes the nonlinear hardening behavior of the mate-

rial. Through parametric simulation comparisons, the inherent mechanisms of single-punch and double-

punch compression molding processes were revealed. Due to the friction attenuation effect in stress trans-

fer, the single-punch process results in a significant stress gradient and a density distribution that is high at

the top and low at the bottom along the axial direction of the charge column. In contrast, the double-

punch process reconstructs the stress transfer path through bidirectional symmetric loading, enhancing the

uniformity of the stress field, thereby achieving a more uniform density distribution throughout the charge

column. The parametric simulation software for compression molding provides efficient technical support

for analyzing the mechanism and optimizing the process of PBX explosive compression molding.

Key words: polymer bonded explosive; press forming; stress transfer; densification; parametric simulation
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Fig.1 Parametric simulation architecture
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Fig.2 Two-dimensional plan of the pressing mold system
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Fig. 10  Stress-strain curve from experiment and simulation

HI1E 10 518 11 AT DA Y, BB Al A R 5 5
Uivg 46/ g U N Aoy SR I =1 A QOB i ES SO
P SR AR L TR AR AL, RIBERE N ) (Ba8far)
G AN, IS (B RO FRER IR, 4 i 228 i
BGEAS, K 1 RHRE A R BOR 0 2t #E . D
FLMARAE FEEANEIX A N5 SRR e W, R

0 3 6 9

WA TR 4 DPC AR Y RERS A SR AE AR 22X

pAE )T
7
—n— f5i4L)
6l —o— ik /,./“'
.././}’l/
5t &
4
E 4 &,
£ ,./
8 &l
&3 o
o} i
lg
0 5 10 15 20 25 30 35 40
FEHiI R J3/MPa

P11 S8 5 0 BLAY R N ) - 0% 2%
Fig. 11 Compression stress-displacement curve of experiment and

simulation
BRI, K10 B0 -0 AR fh 4 Bk T AR
XERREAE SC 2R IR BE T 5 ] 11 (4 He il iz g -f52
FE ML — 20 W], IZ AR RE A PO H5 g i S
SAE N LR AR AT - N, DTN A B
BN T BRI AR . FERARWIT, SE8% 505 1A
WA WZE, X EZET PBX MEHERN 1
DIk B HEFFLIR B B o 3, LA T BT —
MBS, M2 BB RIME L) 56 4 2 15k — i Bt
IAMAILH] . 24 4 i A IR TR AR IE b 3 T
MrBe, hE S v G R ER . 40,
P B BN HERf L I T PBX M B R4 ot F
MIAEZMERE (AT R | SR AR AL A SR AR 8y i)
N, BSUE T ETEEST DPC AR S S EA 5
TR A B AT Sk
2.2 HBIRGIHH

PBX K24 e i T 2 AR [l T2k )y e 28
TR AR R, ) A3 ML EAFAEAR P25 5, SR 3L
XA ECE A R S BURES ST S R AT
B TR Lo BT HTA Drucker-Prager Cap A
BRI PBX KE24 He BT AL A T A 1 & B A, AR Sk
SRR S RSk PR ke T2 R 42
ARUE X F A AT B4 A B, AR T A JLAT RS
ARG SHEOOR AR RS O 8 A E
0 3 DR 45 PRI 220 AR 17 3 55 %8 O3 A s T WU 7R
PR 2E S, TR AR AT 5 MU (LR
2.2.1 kA T

Bk He R T2 RIS 5 N R R



8 ot K 2 e RCARRAO

LM RSH SRR, TR R G S ERAE R
B, JUARSHRE AT 258242 R, W 130 mm,
& Hy 2R 615 mm, #h3k & BE H, 2R 150 mm, #5548 5 B
R, 100 mm, &5 & H, o 775 mm., RS E K
skt i 23 MPa F 3 94 3 mm-s YU T .
MRS EUE RS E R 1 ik 2) 3705 1
T, ARAS T sk Rl R L bt | SR
PRI RRES AL N ) = B S % =, gl 12
I 13 R .

S, Mises
CF | ]72;4) - S, wiim
+1.163e+ . 9%
+1:490e+00 CF¥: 75%) w0
13680100 +4.4750+
H%eet00 H41256+00
11246500 +3.775¢+00
+1.001e+00 +3.426e+00
+8.788e~ +3.076e+00
+7.563e-01 +2.726e+00
+6.342e-01 +2.377e+00
+5.119e-01 +2.027e+00
+3:895¢-01 +1.678¢+00
2672001 +1:328e+00
+1.449e-01 +9.783e-01
+6.287e-01
+2.791e-01

(a0 il U254 1 T 25 (b) Jie il Fp I 25AE ) ) 7 4]

S Mises
CFH: 75%)
+1.5210401
114000401
112780401 St
e '
+1.036e+
1911506400 O]
17.9380400 ra L0l
167270400 TIS830401
155150400 112800401
1273046400 1976160400
130926400 167356400
118810400 13.6900+00
16692001 163430201

(o) JRHISSREGHEN ) = K () PRIREHN ) = K
P12 ek e il i A 1 )z 4]

Fig. 12 Stress nephogram during single punch pressing process
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Fig. 13 Density nephogram during single punch pressing process
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Fig. 14 Stress nephogram of double-punch pressing process
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Fig. 19 Density distribution curve of the central axis of a single
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