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Table 1
of TATB-based PBX specimens

The measurement results of parameters for two kinds

X P o B Fu Tm
specimen 5 . S
/g - cm /m s /(x1077) /N /MPa
H1 1.910 2669 18 8500 27.0
L1 1.887 2106 457 5625 17.9

Note: p is the mass density, C is the wave velocity, g is the nonlinear coeffi-
cient, Fy, is the breaking load , o, is the breaking strength.

zoomin

time-domain waveform

a. specimen of H1

== With gbvious (list%rtion

time-domain waveform

b. specimen of L1
3 TATB & PBX 10 HE A9 48 A I 30 2 % Wy 22
Fig. 3  Ultrasonic time-domain waveform and distortion of
TATB-based PBX specimens
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B 4 a] DL 3RE LT BT 0 R A 2 Rl 42 0] S 1w I F
24, W AT L 0 K 24 JOURE P TR AR 3 b el DL SORE P 22 1) A
KA I F I IF 3¢ BT R BUAF SO A 25 B0k ] 2
[FI) S5 TA 4l 42 58 3 IR, B AR 179 MPa B/
WEIR# AT T B A A 1 5 T T XA 1B 22, 15 W A
AR A At

www. energetic-materials. org. cn



R Lkt 5 B AR TATB 2 PBX i s

973

R A Y IR | 4 R 5 6 22 i L P S R R fE A 7E
DRk ) Rt ) B T T 2R 558 G A R v A A T
B HT B W 52 B Ll T 3 A i BT S, AL S
A (B0 A TR 14 JR 90 DX AT DL 2 ) K 24 R AT, B it i
JHC i R SR, A o A, s ) e 2R KL B T 2 (]
K19 B 5 T AAE 27.0 MPa B 58 KR i VR T T
A KW R — 2P BB HT 78 T 46 AR 52 36 2
TG A I i A7 7 R A

AL B8 e R I 283X 6 B W7 350 A 45 2R 2 Bk T AR
P AR LRl 7 2 JOPF Al I 1) TATB 2% PBX 3R L1
e AR B TR HY A8 I R Ak IR SE T
FE LV P ARG I 45 R A T SR o Ud B AR L R R R
LKL WAL 5 PBX W) a5t 415 2 [ A7 — € (9 A S, A
FHAR L P 2 B S R W A8 W7 DLSE M R AR TATB Jk
PBX H 0] it 11 P2 JEE
3.2 PBXEFMHEARIENFELMEESITM

3.2.1 #MBEHMMHBEERS TATB & PBX LK
RPN () &REBES BN
N TR PR A S AR L A S X O

P45 i R X 57 R R P R R S i AR
SR HEAT T A B o ) b SR 1 AR AR
ﬁ(ﬂl]ffﬁ%rf;)ﬁtﬁ L2 e 55 Maad B i A C
i 3% G%Qﬁ'@iﬂ’%iﬁﬂlﬁf‘ﬁﬁ%%ﬁﬁ HFSh
EI’J{')'“ RN R 2, 31X 86 2 4 Bl % 55 R B 78 1k i 2k
WE S s, HAEE R 95 2 350 J& i Bk 1w S 3
IR S S R R CT Rl 45 3R sl 6 T .
1 5 AT D0, B 6 PR 9% 57 A K0 38 i , 90 4R 1
P45 R0 8 A 1 L2 A 1 P I 1 g o R R
R e R 0 AR R AR 55 Mk &= 250 JE I
LR A R BT th 2R 1Y JFAE 9% 55 2 350 JH I
W ERAE, AP e AR LM S R 10 5L B,
A L PR A Y £ B T DL T RORE O 0 9% 57 BT
O & J 3w K, i b B 3 R 28 1 R PN AR A 7 AR
BB L PR E B (L L) At ERIE T X — a5, i ]

R2 WG R TATB 5 PBX ik L2 #9245 21

71 —=— nonlinear ultrasonic coefficient (8)
104 —=—linear parameter: gain (G) 2
—*— linear parameter: wave velocity (C )

non-dimensional parameters
[=2]

150 200 250 300 350 400
fatigue cycles

B 5 0 hn o A R A e R (L2) R 4 9% 55 o A v B £
AR M 2 S Uk

Fig.5 The change in linear and nonlinear acoustic parameters
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Fig.6 Micro fatigue crack occurring under 350 cycle fatigued

loading for specimen (L2) with higher initial micro-damage

degree

Table 2 The measurement results of parameters for TATB-based PBX specimen L2 with higher initial micro damage degree

amplitude nonlinear coefficient gain wave velocity
round fatigue cycles - -
fundamental harmonic A, /V second harmonic A, /V B/(x107%) G/dB V/m - s

0 0 0.204174 0.000676 131.11 38.0 2232
1 200 0.074131 0.000204 258.60 59.4 2071
2 250 0.056885 0.000099 221.55 55.2 2114
3 300 0.051286 0.000224 609.11 56.2 2100
4 350 0.025704 0.000129 1380.82 56.0 2089
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Detection of Micro-damages in TATB-based Polymer Bonded Explosive by Nonlinear Ultrasonic Technique

YANG Zhan-feng'’, TIAN Yong', ZHOU Hai-giang', ZHANG Wei-bin' | LI Jing-ming' , LI Wei-bin’
(1. Institute of Chemical Materials, CAEP, Mianyang 621999, China; 2. Department of Graduate Students, CAEP, Beijing 100088, China;

3. Department of Aeronautics, School of Aerospace Engineering, Xiamen University , Xiamen 361005, China)

Abstract: Aiming at the problem of initial damage and fatigue damage for polymer bonded explosive (PBX), the nonlinear ultra-
sonic parameters of two kinds of triamino trintrobenzene( TATB) -based PBX cylindrical specimens with different density formed by
compression molding and these specimens in the process of compressive fatigue were tested by self-established nonlinear ultrasonic
testing device. The nonlinear ultrasonic testing results were verified by fracture surface analysis and computer tomography (CT)
testing. Compared with TATB-based PBX specimens with less initial interfacial micro-damage degree, the nonlinear ultrasonic co-
efficients of the TATB-based PBX specimens with obvious interfacial damage are obviously higher. There is a certain relevance be-
tween the nonlinear ultrasonic coefficient and the initial damage degree of TATB-based PBX. When the microscopic crack is nearly
generated in the TATB-based PBX, the nonlinear ultrasonic coefficient increases sharply and reaches maximum, revealing that the
nonlinear ultrasonic parameters can monitor the fatigue damage developing process. There is a certain difference in fatigue damage
rate and developing process for TATB-based PBX specimens with different initial micro-damage degree.

Key words: polymer bonded explosive( PBX) ; micro-damage; fatigue; ultrasonic testing; nonlinear parameters
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