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Fig.2 Schematic and physical diagram of integrated ultrason-
ic longitudinal and transverse wave sensor

1—shell, 2—damping block, 3—sound absorbing material,
4—transverse wave piezoelectric wafer,

5—Ilongitudinal wave piezoelectric wafer
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Fig.3 The relationship between thermal cycle number and density and ultrasonic parameters of HMX- and TATB- based PBX

CHINESE JOURNAL OF ENERGETIC MATERIALS

N XK 2020 % %284 % 114 (1095-1101)



1098
1.89-
1.884 1/‘)/ | pTATB=4.8*104VL+O.44

" 1.871

> 48 B HMX based PBX

Z . TATB based PBX

5 185 .
1.84 Pap =T 910°V,41.68) | /

1.83 . . r : : : , .
2550 2600 2650 2700 2750 2800 2850 2900 2950
longitudinal wave velosity / m-s’

a. longitudinal wave velocity-desity

189 g 810
,,.-’/ | p 2810149 |

188

£ 1871

S . HMX based PBX

= 1% . TATB based PBX

g 185

o A
184 P 10°V2002 | /
183

1400 1450 1500 1550 1600 1650
shear wave velosity / m-s’

b. shear wave velocity-density
B4 G IR IRad HMX B TATB 3 PBX i 7 3 | A i3
T - IR AE R
Fig. 4 The linear relationship between longitudinal/shear
wave velocity and density of HMX- and TATB- based PBX

during thermal cycling

SCHR B 1 R R R 20 L 1 RE L B BA 3K 6 1l
PBX 7 A A% 57 451473 , B T Lemaitre " 45 54 N A8 fik 15
R 453 73 AR 4 7 e, 458 0 3 e A 00 i I A R S A
(72 P o RE Sl JEE

E

D=1-— (5)
E

E
ma), (MBI, V==X
p (+o)(1-20)

1-0o

E
Vi = —x —— A MGG S A2, 3hiA
p 201+ o)
P L REAR RN AR 153 .
~ \7L2
pD=1-2x (6)
p V.
~ \752
D=1-2x "> (7)
p Vi

K, Dy PBX A0 05 748 5t 5 £ Ot PBX LM B
GPaj; E 2}y 52 6t PBX B PE LI, GPa;p Jy JCHit PBX (1) %
JE g em™ 5 i Z W PBX W E B, g-cm™; V I V43 5l
S TE A5 PBX % A B, mesTs VRV, 8 B 32 45 PBX

Chinese _Journal of Energetic Materials, Vol.28, No.11, 2020 (1095-1101)

Y E , mes

i (2),(5),(6) A (7) A W, #4405 2R 8 56 2 72
L, PBX A BR 451 43 i 5 %8 AR 1 A oA 3 A 403 %% B
FHOC AT %8 3 R0 7 P ) ek AT . iR
PBX % B B2 01, AT A 3 (2) A1 (5) , 3l 1 8 75 9N A
7 T A R PP PBX BAAE PR 5 ) #R
9 57 T 15 5 A 2R PBX %5 BE AR ML, AT R A i A R R
U 7 AR R ) MR G R N D R e A AR
A (6) 33 (7)), B4 38 b G\ Dk 75 o sl s il 7 ol A it
PEA PBX FAHIE P13 56 v i) 4008 55 11473
4.2 HEBSEE-HMHK. LK

HMX K TATB % PBX £ JJj AS [A] #4424 3 46 &) 109
Jei B ARG P 3 60 ] 40 - b AR e P AR R B
g MR L G R A B LI 5 Rl 6. FR B S AT 6 1]
U (1) PBX 2l L A5 dk 5 e e M A5E k) e L A6
KT 15 (2) PE PRI 50 #2 h , HMX S TATB
PBX #B £ Iy 1 i L M A5E o ST B AR P T o, o e Lk AR
St b 2 T v P R AR A B B, WA 4 S E SR 15 R
PEIAFE I 25 355 s A6 50 20 A 36 20 8 4

13.00+
12,501 .
&
O 12.004 A dynamic Young's modulus
(%2} . i 1
2 4150] static elastic modulus
8 .
E 11.004 : . :
o 10.501
L S . S A
0 3 6 9 12 15 18 21 24 27
cycle number
a. dynamic and static elastic modulus
1.19-
;% L]
§ 17
B3
=3
£ 2 115
g o
>
oS g .
5 © 113 experimental data
-% quadratic fitting curve
(R — ;

0 3 6 9 12 15 18 21 24 27
cycle number

b. ratio of dynamic and static elastic modulus

5 HMX 2k PBX Y H A #7150 596 J] -5 1 A5 Ak e A A6
et Sl SR L O R

Fig.5 The relationship between thermal cycle number and
elastic modulus of HMX-based PBX

Sttt

www.energetic-materials.org.cn



A K 7 1 0F 98 HMX & TATB 5 PBX 1 #5405 35 1 fig

1099

10, M

A

dynamic Young's modulus
7] —— = —static elastic modulus

AT

0 3 6 9 12 15 18 21 24 27
cycle number

elastic modulus / GPa

a. dynamic and static elastic modulus

2.00-
1.95-
1.90-
1.85-
1.80+
1.75
1.70-
el

0 3 6 9 12 15 18 21

cycle number

experimental data
quadratic fitting curve

ratio of dynamic and static
elastic modulus

2% 27

b. ratio of dynamic and static elastic modulus
Bl6 TATB 2 PBX b FAE PR 1045 J4) 39 - ol ot 1k 4S8 e 1 A6
2l R A A LR AR
Fig.6 The relationship between thermal cycle number and
elastic modulus of TATB-based PBX

Xt He H RO F AL 2R A7 43 A 3

(1) By | 25 28 A 190 3 728 e L R0 48 A A0 56 AN T, 5
A58 T 0 BRI A 3R 10 KR AR 2 i, 7 U Sk /N AR 2R
i o PBXEUBH HEo MR 2 T A 22 5 R
PBX by 22 FHR Y 5] A o1, L o8 35 A0 AL 1D I 38 W A AR R
Z LR PR B B . AR RS RO AR A
T PBXCH K A 1 2R It T AR 3 o T 114 B 4 B
PBX i i PR 4SS B [ MK o T 7 I AR B0 O AR AR N R R
L] i R 2, B PBX Bh i A R T e
i

(2)PBX &m0 245 & R 0 55 43 7 2 465 500 BT 4L
AR FR G IRR50 f F2 A JS LA 3 ) B
KA A FRMA BRI N SR, 2%
Gassmann J5 Ft BLS 22 K H7E A A FL R siobE A
BN 5 WS B S R b N RIS AR RN
DR 2 e, T AR 22 T 2 T (2t 1 R
B fik TET ) 5% 0, o L BRI, R S KN AR SR E R AR Y
JEE 62 ¥ 2y, O e A AU 5 B =, A B o T /N
7R 7 T Xt A 2 R AN AR, g L A A2 L BR

CHINESE JOURNAL OF ENERGETIC MATERIALS

TR BE , BB m R R A R oA B E R AR
452 1

(3) % HAAE BRI B b PBX Bl #0045 0 R B
S AR LU AR b A ) ER AL T ) A R O < A BRI 1
5 — AN B Bog& PBX RS R AT 3 4 K, im b 28 45 551 R g
2l i AR R Bk R B — B, T R O 0 B R R v
T, AL RGN, PBX g AR G B AN
Bl T HE PR R R m R B R B AE TR L PBX
Bl 38 10 R B ARG (30 °CAE A7) 1 Bk 45 75 LA B /b B IG
I 05 B AR BORG s AS H | A, —Jr i, (45 PBX %%
43 22 1) AR S 2 26 45 ) 55 00 2 o AR 2 TR) A AN K G 1Y
G R A AT B e AR T v o — L AL
Bt R B A A U S A 4 R AR AR Sk Bl AR AR
2B B I ) T 2l 38 A AR AU R %

5 452

(1) FEIDE IR0 o0 B v, B B B0 ) 109 38
HMX 3k PBX 1Y % J& B IC H 388 % 25 F 2%, TATB 3k
PBX ) %5 J3 2 56 I AR O 3 0 i 2 Jis W Ak [l P ) 34
YN 7 R T sl Ay [ | 3h 55 WA 5 Y AR fk
RS H AR R e — B, BhIA AN L AR R R

(2) FRAG PR 43 1t 55 5 B A8 Ak R PN R (0 15 %% )
AH G, R H %% B FORE AR R A Rk A HEA T B HOAE
IR o A g B D PR R % R B IE A DG I 2Rk
O FR TR I P G\ 7 R I P R AT L E R T A
PBX G FR 1 50 v i) B0 55 475

(3) PBX Bl #ifl M 455 &5k e T e o0 PR A i, )y i i 4
B LR TF 1, 225002 K PBX M Z M AR 214 i, B
FLPYF A AL TE b OE AR 2 R LR R R A
BB 0 25 K R AT, T 308 S 2 AT I B AN TR

(4) 76 PG A 56 5 B2 b, Bl 2 503 0, HMX
S TATB J PBX (14 i 58 1 A5 1t 56 B IR #5720 e i
PERST L LU S T T AR 10 19 5076 58 15 S R 3R A
W, 5 B AE SR 20 A G R R o8 A R A A
— [ BB 110 vk 2 B 3 398 o AN SR B BE ) B L B R S
EERAFLH

5% 0k
(1] w5, sk, ME, 4. K2Rl di B0 B IR K 1 75 e 1 2
AU )]. JHE 2523, 2000, 23(4): 13-15.
TIAN Yong, ZHANG Wei-bin, HAO Ying, et al. Thermal
shock damage of explosive and its ultrasonic characterization
[J]. Chinese Journal of Explosives & Propellants, 2000, 23
(4): 13-15.

N XK 2020 % %284 % 114 (1095-1101)



1100

[2] W5, ZWCk, KA, 5. JOB-9003 £ 24 “ Hhk ™ wifi 1 i

RGBT RREL) ] K KEZY 244, 2002, 25(3): 17-19.

TIAN Yong, LUO Shun-huo, ZHANG Wei-bin, et al. Water—
bathed thermal shock damage of PBX JOB-9003 and its ultra-

sonic characteristics [J]. Chinese Journal of Explosives & Pro-

pellants, 2002, 25(3): 17-19.

(3] HII, sk, &M, 5. JOB-9003 i 2 # R 45 1 25 #4 nh i
BOTWEIAR AT ()] & REM R, 2004, 12(3): 174=177.
TIAN Yong, ZHANG Wei-bin, WEN Mao-ping, et al. Re-
search on correlation of thermal shock damage of PBX

JOB-9003 [J] .
neng Cailiao), 2004, 12(3): 174-177.

(4] W5, skfoat, 28], 55 SRJDE A B 12 09T PBXAEZY

ROAEER )] & RERRL, 2006, 14(1): 53-55.

TIAN Yong, ZHANG Wei-bin, LI Jing-ming, et al. Heat treat-
ment of polymer bonded explosive by using ultrasonic charac-

terization[)] . Chinese Journal of Energetic Materials( Hanneng

Cailiao), 2006, 14(1): 53-55.

(5] akMat . v 5 Wl 45 1 248 7 K I 5 P BOR KON 52 [ D

SR . DU I K2, 2006.

ZHANG Wei-bin. Application research on ultrasonic detection

and evaluation technology polymer bonded explosives [D].

Chengdu: Sichuan University, 2006.

(o] sk, BALA, B, 45w YRS 45 KE 25100 1 )RS 19

LML) ] S Res kL, 2006, 14(2): 136-138.

ZHANG Wei-bin, ZHAO Bei-jun, TIAN Yong, et al. Ultrason-
ic testing stress of polymer bonded explosive specimens[]].
Chinese Journal of Energetic Materials (Hanneng Cailiao) ,

2006, 14(2): 136-138.

(7] B30, AT, B/AE, % HMX 3L PBX 1Y i B PR 55 & I M

O] RHEZG 24, 2012, 35(1): 15-18.

WEI Xing-wen,ZHOU Xiao-yu, TU Xiao-zhen, et al. Thermal
environment adaptability of HMX based PBX[]]. Chinese Jour-

nal of Explosives & Propellants, 2012, 35(1): 15-18.

(81 =230, ®oak, R, &5 . K &0k # PBX N IR R4 & 4

e )], EreestRl, 2013, 21(2): 205-208.

LAN Qiong, DAI Bin, YANG Bai-feng, et al. Healing of
cracks in PBX by thermal pressure aging treatment[J]. Chinese

Journal of Energetic Materials (Hanneng Cailiao) , 2013, 21

(2): 205-208.

[9] Xu Yao, Yang Zhan-Feng , Zhou Hai-Qiang, et al. Applica-
tion of acoustoelasticity in studying compressive stress state in
polymer bonded explosive [ C]//Proceedings of 2015 IEEE Far
East NDT New Technology and Application Forum (FENDT).

2015: 95-99.

[10] Majumdar P, Singh S B, Chakraborty M, et al. Elastic modu-
lus of biomedical titanium alloys by nano-indentation and ul-
trasonic techniques—A comparative study [J]. Materials Sci-
ence & Engineering, A. Structural Materials: Properties, Misro-

structure and Processing, 2008, 489(1/2): 419-425.

(1] AT . 4 TR W B AR ik B0 3K Ak 2 21 8 P A8 1 8 7 4 R AE

S5 [ D] R K TR, 2009.

FU Qian-fa. Ultrasonic non-destructive characterization and
evaluation of the elastic modulus of thin metal sheet and

spheroidized structure in low carbon[ D ]. Dalian: Dalian Uni-

Chinese Journal of Energetic Materials, Vol.28, No.11, 2020 (1095-1101)

Chinese Journal of Energetic Materials (Han-

[12]

[13]

[14]

[15]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Sttt

versity of Technology, 2009.

Yong-Kyun Woo, Mancheol Suh, Insun Song, et al. Determi-
nation of the elastic modulus set of foliated rocks from ultra-
sonic velocity measurements[]]. Engineering Geology, 2004,
72(3/4): 293-308.

Martinez-Martinez J, Benavente D, Garcia-del-Cura M. Com-
parison of the static and dynamic elastic modulus in carbonate
rocks [J]. Bulletin of Engineering Geology and the Environ-
ment,2012,71(2):263-268.

Petr.Cikrle, Dalibor. Kocab, Barbara. Kucharczykova,et al. In
situ determination of the elastic modulus of concrete by means
of ultrasonic pulse method[]]. Solid State Phenomena, 2018,
4634(544):70-75.

Ivana Barisi¢, Sanja Dimter, Tatjana Rukavina. Elastic proper-
ties of cement-stabilised mixes with steel slag[J]. International
Journal of Pavement Engineering, 2016,17(9): 753-762.

Bol g EL R i [ A v B ) P R (M) 0 [ O R R
1992: 232-248.

Achenbach. Wave propagation in elastic solids|M]. Shanghai:
Tongji University Press, 1992: 232-248.

ZEWT A, BRUESR . A S AR s p I S N (ML R R
& Tl HRRAE, 1999 1-125.

LI Xin, JIANG Rui-xing, CHEN Hong-sun. Measurement and
application of elasticity and inelasticity[M]. Beijing: Metallur-
gical Industry Press, 1999: 1-125.

AR RN L B R IR A RS TATB B iy TR Wl 4 1 24 vk i
HSZIRATSEL) ). & AR RL, 2005, 13(4): 208-210.

LI Jing-ming, WEN Mao-ping, HUANG Yi-min. Effect of ther-
mal cycling test on the properties of TATB based PBX[]J]. Chi-
nese Journal of Energetic Materials(Hanneng Cailiao) , 2005,
13(4): 208-210.

R, W, AT TATB ORI FE = 2R 0B R B B K
PEL )] & REA R, 2003, 11(1): 24-27.

LI Yu-bin, SHEN Ming, LI Jing-ming. Thermalexpansion of
TATB filled polymeric material[J]. Chinese Journal of Energet-
ic Materials( Hanneng Cailiao), 2003, 11(1): 24-27.
Lemaitre J, Chaboche J L. Aspect phénoménologique de la rup-
ture par endommagement [J]. Journal de Mécanique Appli-
quée, 1978(2): 317-365.

M fE S, X120 . ik Gassmann J5 2 [)]. o B g Lol < (b
B, 1996, 11(2): 122-127.

CHEN Xin-ping, LIU Su-hong. An preliminary introduction to
gassmann equetion [J]. China Offshore Oil and Gas ( Geolo-
gy), 1996, 10(2): 122-127.

FULEL, A, BB 60 A A B R A e mE s D) ). e
J1% 5 TR, 2001, 20(3): 332-337.

GE Hong-kui, HAN De-hua, CHEN Yong. Experimental inves-
tigation on poroelasticity of sandstones[]]. Chinese Journal of
Rock Mechanics and Engineering, 2001, 20(3): 332-337.
UL, BRI, PRICA AT B3 S S T S B0E B I O AL
HL) ). AR 244, 2001, 25(4): 34-36.

GE Hong-kui, CHEN Yong, LIN Ying-song. Microscopic
mechanism of difference between static and dynamic elastic
parameters of rock [J]. Journalofthe University of Petroleum,
2001, 25(4): 34-36.

www.energetic-materials.org.cn



R I 5 75 B 9 HMX B TATB 5E PBX 11 #4016 38 % fig 1101

Thermal Cycling Properties of HMX- and TATB- Based PBX on Ultrasonic Testing Method

CHENG Long'?, XU Yao', LILi', XIAO Pan', PANG Hai-yan', ZHANG Wei-bin'
(1. Institute of Chemical Materials , CAEP , Mianyang 621999, China; 2. Key Laboratory of Fundamental Science for Advanced Machining , Beijing Institute of
Technology , Beijing 100081, China)

Abstract: In order to obtain the thermal cycling properties of octogen (HMX) and triaminotrinitrobenzene(TATB) based polymer
bonded explosive (PBX) , the thermal cycling tests of HMX- and TATB-based PBX were carried out under the condition of
—-40—75 °C. P-wave and S-wave velocity of explosive specimens with 3N (N=0,1,2,+:-,9) cycles were measured by ultrasonic
echo method. The dynamic elastic modulus (Young’s modulus, shear modulus) and dynamic Poisson’s ratio were calculated by
ultrasonic measurement method. The static elastic modulus was measured directly through the tensile property test, while the ra-
tio of dynamic and static elastic modulus was calculated. Results show that the density of HMX-based PBX decreases and later
the decrease rate slows down with the increase of the cycle number during the thermal cycling test. The density of TATB-based
PBX decreases first, then the decrease rate slows down, and finally has a slight upward trend. The change trend of P-wave veloci-
ty, S-wave velocity and dynamic elastic modulus of HMX- and TATB-based PBX are consistent with the change trend of their
density respectively. Their corresponding dynamic Poisson’s ratio is basically unchanged. There is a positive linear relationship
between P-wave , S-wave velocity and its density. The static elastic modulus first decreases and then increases, the dynamic and
static elastic modulus first increases and then decreases, where the inflexion point of HMX-based PBX is in its 15st thermal cy-
cle, and that of TATB-based PBX is in its 21st thermal cycle. The results show that the damage quantity of PBX during thermal cy-
cling is closely related to its density change and internal micro damage. All these phenomenon demonstrate that the ultrasonic
longitudinal and shear wave velocities can be used to quantitatively evaluate the thermal fatigue damage of PBX in thermal cy-
cling test. The change trend of the dynamic and static elastic modulus of PBX is related to its micro structure evolution including
internal micro-cracks and binder flow in micro-pores.

Key words: polymer bonded explosive (PBX) ;thermal cycling test; ultrasonic testing; thermal fatigue damage; micro-cracks/ mi-
cro-pores
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