T CT {4 8 8519 TATB L PBX 8 74 K6 Wl 5 B0 77 36 693

XEHE:1006-9941(2024)07-0693-09

£ F CTEREAEH TATB % PBX 1B 1 5 E 77 %
BREEV K A KERLAE LA, EET]

(N AEETAELFBMA LS, LT K% 1160245 2. PETRYEA LM THBBEHF, T 42FH 621999)

T OE: NS0 TATB I PBX R A (5 FURS L 09 R B, SC 3025 4 5 1k B SC I0C ) 8 75 TC ARG I 55 e A0F , 32 1R 36 CT MR 855 1 PBX
FH AR AT v R CT B v JBOREAH 55 80 45 700 AH 50 32 00 I 43 A 22 S5 SR 5 A A5 FUVRRAIE 38 e CT BUSB0 A el L {4k 34
TR AR AE 3, ARAR T 4 B i AR UKL B0 FUIY 25 0 U TUART 25 R AR I AR F R R L B AR Y A IR OT O B, E X R T
BT CT B  E75 5 FLBLRL 5 Voronoi BETU 5 BUUR 122 5 o DF9E R B, JL T CT MG AR W] L 92 38 TATB 0K M 30 BOB S BEHL
Z 25 KRR AF (0 A 25 20 T A58 75 7 LA R S T — B, P e AT IR (R 2 AR A A R AR R 22 4 0 R 0.32% .
1.14% .0.92% F1 1.55% , 3 7E 2% LA A0 T Voronoi B 12 25 (2.77% .35.93% .20.70% . 13.68% ) K KA, £ L HE B 115 2]

BERT
KR SR B EZ (PBX) s CT BIME 5 8 A5 K 5 £ £LAR A1
HESZES: T)55;TB55

XHEFRERG: A

DOI:10.11943/CJEM2024089

0 3l 8

PLT,3,5-Z8 32,4, 6- = 5K (TATB) R JE
1= R Y B 45 1E 25 (Polymer Bonded Explosives, PBX)
H1 5 AE TATB iy (A JURE S20 55 vy 5 40 2 45 0 4 i, 2
— R ZARAE Y B e S AR AR A B
f AR, T 52 R S HUARONE g A AR T L PBX T RE
PRA AR T R A, s g R e A A
Xf PBX P fiE A JC 4 A I 5 R AR5 B A TR
L

L P A T A R A R DN 2 RS S b R 2H 4G
Fay O B 37 15 P O A A R L SR PBX A 475 A6
B AR 5 P RE T A T B i an B il
PBX 4 {1 24 SO T ) 1, 2% 7 455 T A BR T ik R gt
AU T80, N7 1 PBXRR 75 TG 450 A i 250 i 55 7Y, B

Yo B 8 : 2024-03-22; fEE H#3: 2024-05-08

W 4& AR B A : 2024-06-20

EEWAE: HEARPAEET(52105566)

TEER AN FEHE(1998-), F 0L A4E, 32 bR 5 A
M5 PEANFSE . e-mail: ndt_lizhifeng@163.com

BEBRREAN: 28T (1990-), %, @ S TR, £ 2\ H 5 58+ Ok
TR 5 14 98 . e-mail : haining_lee@caep.cn

8T ARG il PBX 41 R 2 Sk I R N R AL
N GRG0 25 SR R R o R v G A B AR UL
S5 ] L)k R D R 4 R (R AL S 0 8 7S A
5 LA A v R PBX A A B — 3 M R, Tk R
W H PBX 22 A Al 24 0 04 40 0 5 4 e L S 80D LA R
550 R 2 O K, 1 BRS04 4 AR A A543 R AE
LA e e 7 A DAL ) ) e 45 T 1 32 B PR o I ARk Dy B
TEHCAE 7 B0 v A M 3 T R0 R 0 25 6 5 A
RIBE T2 WF 58, O %4 5L T PBX (B J0URL 45 #4 £
R HIF 58 A4 RE 0 A S50 A5 S s R R R A R 43
BB R RN AL R AR R Z R OC R, dE
FE R AR UKL R B 43 ORI R 7R R 2 R] G HK JF
i SR W T ELAS A R R TR S
T PBX R A I HA A 5 B B A

SRy It — A R BSCME A UL A o B T A S A R
AR BT BN RUBE B R R AE AR 40 A 4 T FE 4 43
Ty IR R PBX EL S 454 . TATB 2 PBX PN B 1 74 43 i
B RSHAE LT 2L A WORAS S 1 BB, BLAT kA%
Sy A AL IELTE B R AR R SRR A
B Gy 5%t b T 3 AR ORL 4 1 8 4k R S L IRE
FZE % Z W (Voronoi) 15 I A (B4 70 1 A5 5k
PEBL R, 45 F 0, [ % 00k F 00 5% 25 88 i 158%,

SR AR ST A e MO kL, 4 L B T CT MR A 1 TATB 2 PBXGE 7 A6 0 5 2007 45 [)). & fig ¢4 K, 2024,32(7):693-701.
Ll Zhi-feng, LIN Li, ZHANG Wei-bin, et al. Simulation Method Based on CT Image Modeling for the Ultrasonic Detection of TATB-based PBX[J]. Chinese Journal

of Energetic Materials(Hanneng Cailiao),2024,32(7):693-701.

CHINESE JOURNAL OF ENERGETIC MATERIALS

N XK 2024 % F 324 #7748 (693-701)



694

R MRAT R AR, XSO, Ak, R T

IS I TR AR 15 22 Bk 114% , Voronoi B 525 i 35
250 28% o R UKL I S AR O BDE 5% 2 ih B 4 R
WP, BARA AL 1 J5 (8 HL A FR 43 05 90 C AR % 7T
¥ (0 Z 0% T UKL A S A SR R AR, 5 S PR O 22
SR, SRS LA R S EY S, LR
e 2R, 5 EIE RSP A L, Voronoi £5 Y 1% %5 {f 5
RV 3 SE PR B 5, R 250 /N T 23 A
SIS 25 B 2 A A AR B S A 25 . A ST B 8 S LR
B A G5 R RRAE 0 R A 5 3 B ORLAS ML) 52 2 5
FHRFAE AR RY | A B 6% AR AT 5T IIORG M 0% 8 R A 5
EAE

A B 5 R L ST )2 3 (CT) R AR
BRI TATB B PBX (19 = 2 45 # FF AiE | Jf: 38 2o 44 1 ik
TE A2 S50, XF ZAE Ak b B S 1Y AR PN 38 ik 75 49 0k
R BATAE A R B 1 ARy TURL 48U 25 7 S i
REAE, 37 A 08 220 1 4100 R BE |- i 7RO ORL 1 i R
A B9 #8 7 AL A MBCT (Model Based on CT) ., i
— 038 AT AR AT T I R ek R A
B RN R WL AR 4345 BT &R 4L, 3 o 5 Voronoi £5 2 i B
NS ue 5 R R R L Bk TR T CT EIMG AR A f UK
JE 7 T B AR AR R o

1 WNEESZEFE

1.1 BERNEREE

I TR K e 2 S 3 AT A DN £ e 4 s B
AR Sk 7E A B Ik s AR AR b R TE A RO L A
AR i PN T 7 S U B R ST S AR RO, b R SIS
AT (%) B SR 5 Y B AR Sk 4B i >4 8 7 D A b R I AR A% 1
BF, FR T AR UKL 5 b 45 R 2 ) A7 AR N B &2 e ik
ROHZFHEFMERAR, SR AR . Wi,
JETE B M B E SIS T EE NN

surface echo
N/ 4 bottom echo

incident wave

front surface
sample \ backschttering
binder \ /
| molding powder
particles
scattered yvaves T
back surface

B 1 PBXHA 7 A 5

Fig.1 Principle of ultrasonic detection of PBX
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Table 1

powder particle and binder for ultrasonic simulation

Material parameters of TATB based PBX molding

E P
hase composition
P P / GPa K /g-cm™
molding powder particle phase 12.0 0.33 1.880
binder phase 5.1 0.38 2.130

Note: E is elastic modulus, w is poisson ratio, p is density.
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Fig.10 Ultrasonic simulation sequence images for MBCT and Voronoi model
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Simulation Method Based on CT Image Modeling for the Ultrasonic Detection of TATB-based PBX

LI Zhi-feng'*, LIN Li', ZHANG Wei-bin*, ZHAO Wen-xia', MA Zhi-yuan', LI Hai-ning’
(1. NDT & E Laboratory, Dalian University of Technology, Dalian 116024, China; 2. Institute of Chemical Materials, CAEP, Mianyang 621999, China)

Abstract: In order to break through the current limitation of simulation accuracy for the ultrasonic detection of TATB based PBX
and to realize the structure-performance relationship based nondestructive ultrasonic testing and characterization, an ultrasonic
simulation method based on CT image modeling (MBCT) was proposed. Using the significant difference of gray-level distribu-
tion between the particle phase and the binder phase in CT images, the structural morphology and features of the sample were
extracted. A two-dimensional geometric structure model containing molding powder particles and boundary morphology was ob-
tained by processing the CT slice image with noise reduction, binarization and boundary optimization. Then, the model was
used for finite element simulation of ultrasonic propagation, and the differences between MBCT and conventional Voronoi mod-
el were quantitatively compared. Results show that the MBCT can effectively and precisely describe the random complex struc-
ture characteristics of TATB particles and boundary morphology, which makes the ultrasonic simulation results have better con-
sistency with the experiment ones. The errors of sound velocity, attenuation, frequency domain amplitude and apparent integrat-
ed backscattering (AIB) coefficient were 0.32%, 1.14%, 0.92% and 1.55%, respectively (within 2% ). Compared with Voronoi
model(2.77%, 35.93%, 20.70%, 13.68%), the error is greatly reduced, and the simulation accuracy is significantly improved.
Key words: polymer bonded explosive (PBX) ; CT images;ultrasonic testing;simulation model
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