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1 PBXIWYL

Table 1 Composition of PBX

component weight / % volume / %

HMX 95 94.15

binder 4.3 4.64

desensitizer 0.7 1.21

high-low temperature test chamber

w © universal testing machine /  pointgrey camera
S
(&)}
D
~
o

a. PBX specimen b. global schematic diagram of

specimen loading device

) . _ PBXspecimen
universal testing machine 4

pointgrey camera

high-low temperature test chamber

c. partial schematic diagram of speci-

men loading device
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Fig. 1 Diagram of PBX specimen and loading device for
quasi-static compression test

1.2 K8

WF 58 2R 22 b 2050 TR 46 3050 7 15 (GJB 772A.41
6.1-1997)"'%} 323~363 K 1Y PBX ik {4 #E 47 hn 2% , Jf:
Ve BCE A W A8 A B A Y 5 4H U HEAT 00T, LT
DL RRE i S50 3 2 BT o b AR IE S5 56 50040 19 RS 1
BE R bR R RO B o U 33 R AT
BTl e 45 S 6 R A RS A 2k O 5, R R Ry
0.03 mm-min™", JIZEN AR 107 7, L ¥ 5 R
PR LA AR AT 3 SR DT BE 4 AL . S5 3 AR R AR S AR L

N XK 2022 % H 304 H 124 (1282-1292)



1284

Bt R

T2 AT T LL RO R B S

Table 2 Various experimental conditions and corresponding

parameters of samples

work T diameter  height density mass
condition /K / mm / mm /g cm™ /g

1 323 14.92 50.12 1.852 16.23
2 336 14.92 50.10 1.852 16.23
3 348 14.93 50.14 1.839 16.15
4 356 14.92 50.10 1.849 16.20
5 363 14.92 50.12 1.849 16.21

Note: Tis ambient temperature under loading.
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Fig.2 Stress-strain curves of specimens at different temperatures
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Fig.4 The evolution law of the local strain of the specimen at different temperatures
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Table 3 Evolution of shear zone at failure point at different
temperatures

TIK density of shear  width of shear angle range of

band / % band / mm shear band / (°)

336 75.42 1.45 55-78

348 80.42 1.42 61-66

356 77.56 1.31 62-64

363 78.35 1.20 55-61
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b. width of stress concentration band and shear band
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Fig.6 Variation of parameters of stress concentration band

and shear band with temperature

PEALFE « R0 B ok &N B P RO 5 AE N D /R
BN A L1 L VA -2 G A | T 1 AT
B PR, O A B i B BY 46 A, 4 A R 4
o b W 4 B R A T S B DAl 0 A e 20
R B D)l Y T B, 4 B 9 B B e, Y TR LR G
K7 fros o 4l 59 Y07 98 BE 78 Bl 1) 2% 0.8~2.0% (1) 7
AR E LA 2t AR b A AR B i FEE S 0.2 mm,
e MRS — X33 4 0 B B M AR AR R A X T IR A A
0.2 mm LA N8 Ak 19 ) 3 Oy FE AR AN AZ O & T R AR TR
0.2 mm LASh H S At 5 5 R B L sl R A A R
I 1 2 b B N N 2 e N 1 = SE S S A D
AL IR S N e, KRN AR ]
ZE o By Y) Al v B RE AR R R E E (I 7a) , W BT K 5
5 45 38 B - 5 55 1 26 O 57 U1 98 5 Al A8 5
TAH OO R (& 7b) I H 57 4 51 B M0 1] 25 [0 sl /]
SR 5 5 2 Dy By U1 w5 A e 0 AR B T A OC
KFR (K 7c), 72 i 5 k5| b F0RL ] 18] B2 35 0K 3 0 i 5
55 VBT U)o 98 B S e p A JE B B OC R (K 7d) 2
FHOBY K [k UL B R . 28 bR : 7E 336~363 K

N XK 2022 % H 304 H 124 (1282-1292)



1288 P Wb, B, B
167 o 24 16 40
—e— 31 —e 44
E 14{ ——53 E 14 —=—45
= =
8 1.2 s 8 1.2
§ W §
5 101 5 10
o o
= =
o o
0.6 T . . T T . 0.6 . . . :
0.8 1.0 1.2 1.4 1.6 18 2.0 16 17 1.8 1.9 20
axial strain / % axial strain / %
a. category 1(basic balance relationship) b. category 2(descending relationship)
167—=—22 —+—52 16 =33 s
Sl ¢ A o —e—35 ——55
£ 14 T M £ 14]——37
E MM <36 E VM —~—338
ERPA s 2, |39
S 1.2+ 51 8 1.4
5 5
5 10 5 10
o o
= =
o o
0.6 0.6

08 10 1.2 14 16 18 2.0
axial strain/ %

c. category 3(ascending relationship)

0.8 1.0 12 14 16 18 20
axial strain/ %

d. category 4(uncertain relationship)

7 DDA o Rl 1 AR ) 56 R (B HR B — S BB AR A B0 3 2 v R RE (L T X I ) T 0 2, S A MR S A Y AT )

Fig.7 Relationship between width of shear band and axial strain(The first number is the working condition number correspond-
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Brittle-Ductile Transition Mechanism of Typical Polymer Bonded Explosives(PBX) at Different Temperatures

LI Dan'?, CHEN Yang', LI Ke-wu’, ZHAO Feng’

(1. School of Civil Engineering and Architecture , Southwest University of Science and Technology, Mianyang 621010, China; 2. Shock and Vibration of
Engineering Materials and Structures Key Laboratory of Sichuan Province, Mianyang 621010, China; 3. National Key Laboratory of Shock Wave and
Detonation Physics , Institute of Fluid Physics, CAEP, Mianyang 621999, China)

Abstract: To study the relationship between shear band and brittle-ductile transition behavior of typical polymer bonded explo-
sives(PBX) under the influence of temperature, the mechanical response of PBX at 323-363 K was tested by using DIC digital
image technology, in-depth analysis of shear band evolution law and failure mode. At the same time, the brittle-ductile transi-
tion mechanism of PBX under temperature effect was analyzed based on the theoretical model of crack slip. And the critical con-
ditions of wing crack development and plastic slip area were obtained by considering the effect of temperature. The results
showed that at 323-363 K, the variation of the shear band width of the PBX depended on the competition mechanism of dilation
and shrinkage. There are four main mechanisms: I . Dilatation and shrinkage reach equilibrium; 1II . Shrinkage is dominant; 1.
Dilatation is the main controlling factor; IV. Dilatation dominates intermittently. Combined with the principle of Griffith energy
release, it is found that the shear strength, cohesion and fracture toughness of the specimen are the key controlling factors of the
brittle-ductile transition. Under the condition, the judging basis of PBX brittle-ductile transition was obtained. When the condi-
tion of wing crack instability was met, the macroscopic failure mode tends to split failure; and when the critical condition of the
plastic slip area was achieved, the multiple slip zones are connected to each other to form a plastic slip surface, and the macro-
scopic failure mode was dominated by the ductile fracture of shear crack slip.

Key words: PBX explosive; DIC technology;temperature;shear band;brittle-ductile transition
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