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50 A BT R i i ARG JBE B R3S Ry 45 #4K AT 1R R JAE JE
FE TN 3 mm i 55 JE BN 5 omm 5 B 25 mm 58
IR B, I N R 25 S BRI PBX, B HMX/
HTPB/2 ,4-H1 3 — S SRR Bk (TDI, B 46 5)) 4, Horh,
HTPB (°F-%) 43 ¥ & 2000, ¥ {4 0.76 mmoL - g™ ) . TDI
(NCO 4t 11.5 mmol - g™") Sy B Wk T HF 5¢ b 42
fits HMX(H AR et TV ) 46 K F 99%
1

BT R RS I G 1 5 A TR R A

T—mH, 2—MN &R, 3— b, 4—Holl; 532,

6— I {1} 7 1A

Fig. 1 Schematic diagram of the temperature adaptability test
specimen structure

1—lift ring, 2—strain gauges, 3—end cover, 4—thermocou-

ple, 5—charge, 6—test specimen shell

IR PN AR 24 1 o SR OB - B8 - T
7 B A T2 22 R R IC 1R PR S S R B
BETE I HA I A R PO A 28 BRI A 45O @100 mm
%200 mm-2 @150 mmx300 mm-2.®200 mmx400 mm-2
AR B A7, G PR R 2 20 e v o AR i o 2 A
P Bl Z% A R R4S, A 25 1 v LR s B o iR R
of R SRR LR T

F1 KB EESH

Table 1T Main parameters of test specimen
charge size/mm charge mass/kg number
®100x200 2.7 2
@150%x300 N 2
@200x400 21.6 2
®20x20 0.01 20
@15x65 0.02 5

$FTF @100 mmx200 mm . @150 mmx300 mm Fl
@200 mmx400 mm = F S AR 5 14, 76 3K 50 5 e
P B b v T LT s T A0 TR R R /2 Ab A 3 R A
1, 7E I s e iR 1 /2 AL E A A A 4 RN Lo
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A b o AT RO AR B I AR 43 5 R il ey (0°)
A 18] (90°) o
2.2 (Lg%

INSTRON 8862 %1 ¥l 5255 #1., 3¢ [E INSTRON 72y
Al o il U B A R A GTS-15 it B2 o il 3 56
F e TR PR R ] GGV-20 iR e BE i g6 4
2.3 REMEHRE

£ %F @100 mmx200 mm-1 (1 %) .®150 mm x
300 mm-1 (1 &), ®200 mm x400 mm-1 (1 % ).
@20 mmx20 mm-1(20 %) .®15 mmx65 mm-1(5 %)
328 Kl , SIS AR T % GJB 150.5A
—2009 i B b 2k 30— 2 A (8 IR b i vk IR
70 °C ARIRE =55 °C, A AR AE T 5y P I i E
J9 24 b AR IR RS i 22 A R R AE 2 CLAIN L IR
o — AR — i — AR — i — K — e A 0 PR AT S g
T AR U e A N, R R e 1 DA A A B
Z oy — 1E iR 0l 5 A b, IR R el R e i e o T
T omin, A HH 0G0 v T B0 22, S B iR i 43 ith £
& 2 flros
s0]
60 ]
401
204
0
-204
40 _
-604

T/C

t/d

B2 IR o ah a6 0 A PN SR 2 R T 2 £
Fig.2 The actual temperature loading cureve in the tempera-

ture impact test chamber

2.4 EBERNKAE

%t T B Bg B @100 mm x 200 mm-2 .
@150 mmx300 mm-2 . @200 mmx400 mm-2 =% ikkE, 2
WA IR PR B0 7. GJB 150. 5A~2009 it i i il
4% GJB 150.3A-2009 =i 56, GJB 150.4A-2009
R I B AT, &R 70 °C KR -55 °C, A i I
T A T A PRI 18] R 24 h 06 40 P9 TR R e 22 A%
PEHITE£2 CUIN KR — R —m — R — s — R — & i
6 B J A7 52 5, 5 A0 O B 40 B T IR R R
1.4 °C/min, 5 th Bk Ko o U7 250 2% , 52 B O E 0 4%
L&l 3 s .
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Fig.3 The actual temperature loading cureve in the high and

low temperature cycle test chamber
3 HRE5ITR

3.1 HEHABREARELTN

i B ey AR P S IR O S e TE PBX 2 AL
e 4 PR, g 4 nTE RS U e R o R
ARG ME 2GR R 0l i MR, Do R B e A R
W B JHBE R PBX B AVERE 1 PR 3 IV A BE R

A TR ek 36 A R A P R T, R A
PREEE R S 13 mm 4b (FE R IR 3 mm, BER 25 0 T
Ui A 10 mm Ab ) FEAT A [ 440, WAL 5 ~ ] 8 Ji R o

b. temperature cycle test

B4 IR b R R PR L 48R 1 e

Fig. 4

The test specimen after temperature impact test and

temperature cycle test

a. @100 mmx200 mm-1 b. @150 mmx300 mm-1 c. 200 mmx400 mm-1

5 AL i 06 HTBE 25 AL IR 5 10 mm Ab CT 45144 7 1 &

Fig.5 The section diagrams of CT scan at 10 mm distance to the charge bottom before temperature impact test

a. @100 mmx200 mm-1 b. #150 mmx300 mm-1 c. @200 mmx400 mm-1

6 R bR S BE 25 A K S 10 mm AL CT 9 4 W w14

Fig.6 The section diagrams of CT scan at 10 mm distance to the charge bottom after temperature impact test
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a. @100 mmx200 mm-2
B 7 RGP R H R 25 ARG 10 mm &b CT 45 4 1 1 &

b. ®150 mmx300 mm-2

c. @200 mmx400 mm-2

Fig.7 The section diagrams of CT scan at 10 mm distance to the charge bottom before temperature cycle test

b. 150 mmx300 mm-2

a. @100 mmx200 mm-2
8 REMEFAL S AR 5 10 mm &b CT 4594 Wi 1 &1

c. @200 mmx400 mm-2

Fig.8 The section diagrams of CT scan at 10 mm distance to the charge bottom after temperature cycle test

it 2 Xt HE A [ RS 9 6 1 A i o 6 i
JEE 0 P BT I ) PN 5 A A R ) s () — K 1 K 24
S kr s B (K5 5E 6,187 51&8) , 1
VI, WS ST, i T 2545 52 A A ik
PEREAFTE 22 5%, B 25 5 FE R BURS 18] BT A7 S if 1 O
t%‘- {ELT] I A B i 24 4% P9 AR B i SE 4, A

L RS0 A BB 097 A, ok 10 1 3 R 3 17 4 3 B o
*ﬂﬁﬁfﬁﬁlﬁﬂiﬁ?& 5 20 A ROBE R, WA S T
RARTE AL, DA A Xk 245 4 P 308 Joi k77 A 1 5 M

0 e®

b. @150 mmx300 mm-2

a. @100 mmx200 mm-2
9V BEE A0 A HE 2 A T 10 mm &b CT 434 W i 1&]

25 LTRSS DR TE PBX 25 B 554 11 T i B
h FI B IR AR RE L BEUE PBX U IEA E M R H S 4
J& SR P AH 2R R AT

R AR FE AN VR TR 12 1 P9 24 A B A Sk
JR HUAE 3 2o IR I PR, B ST T T A R A TR I
SRS SR W AR A AE O o X IR EE O PR S R S
IR B T 15 mim &b (3 55 )2 BE 5 mm, B R 24
HEEom T 10 mm gb) A7 48 1 4, i 9 Rl 10
F 7 o

c. 200 mmx400 mm-2

Fig.9 The section diagrams of CT scan at 10 mm distance to the charge cover before temperature cycle test
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a. @100 mmx200 mm-2 b. #150 mmx300 mm-2 c. @200 mmx400 mm-2
10 R EIEA LS 258 0 10 mm &b CT 4544 W 1 &

Fig. 10 The section diagrams of CT scan at 10 mm distance to the charge cover after temperature cycle test
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B v gk # v, i @100 mmx200 mm-1 80 . .
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A0 A5t 0 3ot g DL P 11 401
EEL 11 4 RS 3K 38 2 T3 3 000 38 o 26 T L) 6 e
o TP e s e R R R I P R 25 A R = _22:
ORI AR SR R AL AL . R T LR Y B o L L L conerot vl
TR0 R 18 A 3T e T A i ) 9 P 4 O e 60 e
IFE ARG T L TSI, UBE 172 4b o UL 14 2 i 51 5 3 4 5 6 7 8§ 10
L KRR SN S BT H R P B b, 0150 mrs00 mm-1
DiVE PBX JEZH SRS 4.04x107" W+ (m - K) ™'
(20°C) , T 45" FEHR I FHRHL50.2 W - (m - K) B
(20 °C) , N 3E T PBX HE 25 S 4 R BN, 2GR B o
Sk B BRI R SE B BT AL 8 P AR .
R I 3 39 L ST 5 1) B I K = 0
A 4k B 8 B @100 mm x 200 mm-2 :jg: o st oo
@150 mmx300 mm-2 ,®200 mmx400 mm-2 H g 601 — bottom center
TR0 45 T 3 UK 2%, P 12 R AR R R A A R A R R
PR 12 TR R AR PR 0 R e ol i 8 -

JE A E PR . " c. ®200 mmx400 mm-1
A0 2 T 2K 00, B RO IO, 10 o i 0 2

3 A T i 2 ) R P 0 e A AR T Fig.11 Testing curvess of the test specimen surface tempera-
T i T, RE 1720 Kb X RE Y R 5 ) S G T R ture in the temperature impact test
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Fig.12 Testing curvess of the test specimen surface tempera-

ture in the temperature cycle test

R 2R b e A P B IR B B AR E R LA I 1 2 {E

3.3 REHREMEETE

IR vh i e AR R Ak T 70, -55,70, =55,
70,-55,70 CIt 7 AMEIRE B B I [R]E Kt (70 °C) |
t,(=55 °C) .t,(70 °C) .t,(=55 °C) .t,(70 °C) .t, (=55 C)
t,(70 °C) , &A1 AH AR IR B B e B2 R e e 1 A
AP IR 2, R e 3R A0 T 3 5y N AE Rl
S V- YIE e, B M BE 172 b 4 HON A8 7 il )
P8 MR KA 1) - (B, &, RN BE 1/2 4b 4 H RS Jy
&) 1 7 72 0 KR A0 B SF- 22 (o

W 3 s, ook i B i 42 0 2% a1 1 U B iR
R Ja 8 P 3 P AT B Ab B B4 IO AR 70,
=55 C A2 Jy il 1] ~F- 24 07 A8 (B =22 22 10 O iR B2 o ik
B R b AR R Bl ) S 38 00 AR AR AL e, S I AR
70,55 °Cj 78 Fy Jal ) > 385 0 A8 =2 2290 S v 728 R 1Y
JE ) S-S5 AR AR AN e, He TR T 1 X8 R BE A B 3 56 1
R AT AL B

ik B el 1 A Al e T ) A R AR AR 298
(@100 mmx200 mm-1)>262(P150 mmx300 mm-1) .
273 (@200 mmx400 mm-1); 7E J& 18 J7 [\ | /Y R A8 28
f£: 610( @100 mmx200 mm-1) >374( @150 mm x
300 mm-1) 425( @200 mmx400 mm-1) ., & EFEEH
B 0, A5 07 191 1 0 R 575 £ 436 (@100 mmx
200 mm-2)>395( @150 mmx300 mm-2) .430( 200 mmx
400 mm-2) 5 7EJ [a] 75 18] b ARS8 562 (@100 mmx
200 mm-2)>532( @150 mmx300 mm-2) 533 ( 200 mmx
400 mm-2) . ] LUK, B G e 1 RO O, ARl A2
AL I N S AT H R D 2 BE i PBX i
B 2T A v 2 LR U 24 R T R TR N L Yk
Bk, e TE PBX MEZH LR Ik R 4k 8. 10x107° /K
(20 °C) , i 45" M 7e A m 2R i Bk R4 11.59x107°/K
(20°C) , & [k S Fve H) 2 = 55, KE 25 5K m 1R 5%

Table 2 Strain averagevalue of the temperature impact test specimens after constant temperature section is stable

@100 mmx200 mm-1

@150 mmx300 mm-1

@200 mmx400 mm-1

time & £, &5 &, & &5 & &, &3
(x107%) (x107%) (x107%) (x107%) (x107%) (x107%) (x107%) (x107%) (x107%)
t,(70 °C) 134 138 220 155 65 141 156 103 179
t,(=55 °C) -286 -166 -376 -212 -192 -228 -229 -163 -234
(70 °C) 138 130 212 163 71 135 161 108 181
t,( =55 °C) ~276 -171 -418 -207 -190 -242 -320 -164 -247
t;(70 °C) 147 127 199 171 80 133 170 115 187
t, (=55 °C) -262 -157 —411 -190 -177 —244 -306 -154 -237
t,(70 °C) 158 141 204 178 90 133 181 125 195
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Table 3  Strain variation of the test specimens in temperature test

test sample/mm £,(x107%) £5(x107%)
®100x200-1 298 610
temperature ®150x300-1 262 374
impact
@200x400-1 273 425
@100%x200-2 436 562
temperature
®150%x300-2 395 532
cycle
@200x400-2 430 533

R4 R I ETE 6 R 2 RO R

A7 A T B T 3k A (1) it i 5 1K 6 11 R ST o 3 R T
R, At BE o i A v 0 2 PRI v 4 TGk SR X
AN TE]BE , X 1 RS B R DU 9 7 A A B A2 30 K 24 1 4
F T3 87N 58 A i) SR K B4 SN 6 A o A i A
T
3.4 HEHRANYHEETH

X SR el B 6 e A R A R RS AT
M, 4RI 4

Table 4 The average size and density of specimen before and after temperature impact test

height/mm diameter/mm density/g + cm™?
sample/mm ;

before test after test before test aiter test before test after test
®20x20-1(20) 19.97 19.94 19.86 19.82 1.715 1.716
@16x65-1(5) 64.81 64.64 - - 1.715 1.716

Note: The date in the bracket is the number of test sample.

MR 4 W LUE LRI iR e A A A W i R 4
AR s A A A, Hd 020 mmx20 mm st 5
BESFHAUE T 0.02 mm 15455 0. 1% , BLASFBUR s T
£50.04 mm K45 0.2% ; @15 mmx65 mm R4 = E
SERIGE T 29 0.17 mm 045 % 0. 3% o, TR vhif iR 50
JE AR M B A N e 1,715 g - em T A fb &
1.716 g - cm™ 300 o K25 2 BEWS A 4275

XFHeid: PBX 257 whoh 06 /i f5 0 ik B A
s E AT TR, oA Frf s 88 vk o FL T 5
i (GIB772A=1997 F7 4 417.1) ik AL ©15mm x
65mm-1(5 %) 244, gk K 0.5 mm - min™ 5 R4
SRR 00 ik S B 51 ik (GIB772A-1997 5 ik
418.1) ik H ©20 mmx20 mm-1(5 %) 254 gk s
FER 0.5 mm - min~' 45505 5 Fran, B SR A
JE 45 5% B bl 58w A /D 0RO T R, Ak B T
1.89 MPafl 5.06 MPa, 4 #7% B Fl ) 2 5 B Tt 1)
JEDAL 3 v o 6 K e 1) 5 90 B R R 2 50 &
He it — D A AT S B, BN R R

RS5O EATE G PBX JyoE g
Table 5 Mechanical properties of the cast PBX before and af-

ter temperature impact test MPa
state tensile strength compression strength
before test ~ 1.77+0.05 4.51+0.11
aftet test 1.89+0.04 5.06+0.30

4 £ ®

(1) JRLEZ oo M B A 2R 086 J , DE v PBX AT
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PTG 5 TR A AR B R AN A B R IX A i B A
e eI RTA RS2

(2) B A IR0 1 RSE 0 3 K, T e o AL 2 A
PR 0T A A SR AR B vE PBX JE i TR IR 8 B iR
S £ JIT 5 P IR 8] SE K AR X S T 00 X R R
) IR At st ) s S T o 3 SRR N

(3) %258 ©100 mmx200 mm st 55 {4 1 i 1] 17
A HJE ) R A%, B 8K T @150 mm x300 mm Fil
@200 mmx400 mm P Fp RSF 3 25 i e fF . B &
SRR R B398 K 8 ok R I B AR 2R )
RN o L R N I DA SR AN <

(4) W vl s0 )5, B PBX 25 R R BU 45 , %
JERE R 0.001 g - em™ F7 158 B R 47 96 5 4 K 2
0.12 MPa f10.55 MPa,PBX 5 I 55 B iff — A 16k
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Temperature Adaptability of Cast PBX under Restriction of Shell

ZHENG Bao-hui, YIN Ming, GENG Cheng-zhen, CHEN Xi-zhou, LIU Tao, GAO Da-yuan, TANG Ying, LUO Guan
(Institute of Chemical Materials, CAEP, Mianyang 621999, China)

Abstract: To research the temperature adaptation performance of cast polymer bonded explosive ( PBX) under the condition of
shell restriction, explosive of component as HMX/HTPB/TDI was prepared, and five specimens were charged with the size of
@20 mmx20 mm, ®15 mmx65 mm, ®100 mmx200 mm, ®150 mmx300 mm and ®200 mmx400 mm, respectively. In which,
the latter three specimens of larger size were divided into two forms of “without defect” and with “pre-prepared defect”. The
change in internal damage, temperature and strain of shell external, and size, density, mechanical properties of the explosive was
studied by temperature impact test and temperature cycle test of —=55-70 °C. Results show that after temperature impact test and
temperature cycle test, there is not obvious thermal damage in the cast PBX and the original damage does not extend obviously.
With the increase of specimen size, the time required to reach temperature equilibration via heating and cooling is prolonged and
the change in high and low temperature strain reveals a trend of decrease after tests, the density of the explosive increases by
0.001 g - cm™ and the tensile strength and compressive strength increase by 0.12, 0.55 MPa, respectively.

Key words: cast polymer bonded explosive; temperature adaptability; restriction of shell; damage; mechanical property
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