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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

o E poisson ratio p
phase composition _
/GPa /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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depth diameter voltage  speed precision rate gain
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/ mm / mm /V /mm-s' /mm / MHz

10 6.0 300 50 0.1 50 28

32 HOR T2 AL T B 2R RO AU 2 O L o3 B
T MBCT . Voronoi #& B4 fjj 55 S0 45 R Y i 22, 45 &
FEUEAE PBX P A% 7 B BN AL ) 23 A7 £33 A1 A 2
D7 RS

CHINESE JOURNAL OF ENERGETIC MATERIALS

3.1 S HR
3.1.1 EHEKE R

XF b MBCT 5 Voronoi 15 4 {5 045 21| it 3% JE Fi 52
W IE Z M 25 5, iR 6 itz , AT LA Y, P A A
14 5 L 3% T[R90 JRG T [ O S S R TR AT Y
— Mo X LR T M1 A A, MBCT 5 52 55 45
J2Z 18] 55 R %3, Voronoi #5581 [a] 9% 47 B A5 W B
S, FUBRAE AR TS0 25 2 . AR X | B el 0 R
BT HE— 2 AT .

3.1.2 &H=iE
R U AR i) 3 o)A o N 3 A T A, A 5K
mr .
2d
c, = (7)
L, -t

Ao, d RS ERE  mim 40 ) R 2 T 5 T [ 3
1], 5o

THAAF S MBCT B4 B 2839 m+s™',Voronoi
BEORL A LA O 2769 m-esT, T 5 S N W
(2848 m-s™") Z A AR 1R 22535110 0.32% F12.77 %
3.1.3 HEZEREH

7 o S ik 2R A o, SR P U A A I P AR 4 B
PR A e, R AKX

TRTj| ()

o = 9|2 LT
Cod P, R,.
%, P Ry B R T R U, P, SR R R VG T T 3k 0
B RIFIERG RE L THFIEEH RE, TirwHh
KT bR s AR, sw R R IR i A BT EI K, ws %
N 7 IO S 3B

15 5] MBCT Hl Voronoi 1 1 fy i 5, 5 i 2 %%
852 0.3893 dB-mm™" £10.5232 dB-mm™', 55
W75 7Y 52 98 22 B0 M 0.3849 dB-mm™ 22 8] By AH %) 5% 22
O3 R 1.14% F135.93% . FLEEA AL, MBCT A4 {5 B 5
Uk 25 SR 5 S I =2 ] BN H2 3T, 1 E Voronoi #5571y
U5 L H R P U R R B O TR R B 50
Z IR B AT R L =2 —
3.2 SIS

X MBCT 5 Voronoi & # f4 {5 L i} 38 15 5 43 501 it
108 B A 4, 18] 7 285 T 7 0 5 SIS 00 0 W S 4
XF HE AT A, MBCT 47 LA i E MR 5 L a5 R 2
[a] B4 A8 X iR 224V 2 0.92% , Voronoi 155 & 3= 55 i {5 it
KT 50 AA, MR 22188 20.70% . L& RE MW
TS 70 i 3o i R B X LB AR A . S AN RT LR

N XK XXXX HF & XX & XX# (1-10)



6 AR AT, sk, OO, Tk, T
0.8 - 0.3 -
—— experimental —— experimental
06} — MBCT ///////;: — MBCT
04k — Voronoi mode| “r — Voronoi model
3 o2} 5
g 00 e v 3
s o7} :
04} \\ =
0.6} surface echo bottom echo
08F
1.0 L " " " " L " L -0. " L "
0o 1 2 3 4 5 6 7 8 9 6.5 7.0 75 8.0 85
t/us t/us
6 B I A S B AL S S0 X
Fig.6 Numerical simulation and experimental comparison of ultrasonic time domain signal
010 Itottom echo ,  —ovean 7B LG 249 20 1.3, i1 0 5 SO 7 3 7E R A
008t —— Voronoi model S ERNSHEENE. A8sAH T MBCT M
5 006k f Voronoi 15 B {fj 5 K 525 (9 8 WU E 5, T LLE
g /// MBCT {5 EL (14 W FL 5 52 50 25 R LU 843, Voronoi £5 Y
Eﬁ 0.04f ¥/ 4 A s TS B0 M1, =2.5~3.5 ws 2 [l , MBCT 1 & {5
0.02k B S 25 BAm AR L N =5.2~6.5 ws Z [A] , Voronoi #& #l
- : ey 0 0 5 5 D D
N T 5 1 F B TE WO 55 A o it 22 1 35
B7 SR S W RO, R H AT
Fig.7 Amplitude spectrum of simulation and experimental AIB = 1 flm8.68|n S, (f) df (9)
signal N S, (f)

TR R 7 FUAS B B AR R B, g T A
S5, R R R 0 L G AR vt s AR UKL AR 5 0RG
SEFAHTEAT T 2% ] [ 1 187 A, S O 75 I A% 1 ok A
FHUE /N, 8 A% (0.11 MHZz) AH 525 (0.18 MHZz)
it /1N
3.3 BHHERSW

PBX 4 Ak A7 32 22 o s 2R A5y KL R\ 286 45 57 4 i

Hii & RS IEH M 0.8~1.5 mm, 1 Bk 5 2 45 7 2 1] 4
0.8 -
—— experimental
06 ——MBCT
0.4 —— Voronoi mod
s 02
T 00 A
2 02
[+
04 \
-0.6 surface echo, bottom echo
0.8
S R R S S S R A
t/us

8 SISO HAYH A U S

amplitude / a.u.

Fig.8 Ultrasonic backscatter signals of experiment and simulation

Chinese Journal of Energetic Materials, Vol. XX, No.XX, XXXX (1-10)

T, £ s i 7900 A AR S 17 0 000 3 ) A R {5 /ML
SCO XL A7 5 W0 42t DX SN 1 - B e A, S, () 8 2

V He = TH ,
b
B

FAR TR . AT P B b R AR SR 2
FEY.

15 3] MBCT F1 Voronoi 45 75 (1) 36 W0 2 BT R
T RECAIBWEUE , 530 —4017 FM-34.14, =4 5
ST I A5 9 AIBH —39.55 2 [a] (i FH %1% 25 0 5 N
1.55% 1 13.68%. 4R ,MBCT iy {f EL45 5 5508 >
] {9 5% 22 5 I F Voronoi il

0. -
—— experimental
— MBCT
001k —Voronmel
0.00
-0.01f
00 R R 2 R — 2
25 30 35 40 45 50 55 6.0 65
t/us
A A AL www.energetic—materials.org.cn



T CT A% 2 1 % TATB 2L PBX M 75 46 I 4% 4 7 1

3.4 HEERER FEESHLE S

XoF L T bR TR 5 BLA B (1) 7 4 S8 5 SE IR 2 (]
HY AR R 158 25, W8 9 TR o W LAE h, Jo e A
BRI R AL IR A I8 2 R ARSI B RECEE
MBCT jj FL 45 J Al X iR 25 ¥ /N T 2%, 1fif Voronoi £5
B 75 AN, 5 S AR O 1 Hom = A A 28U 5 A5 R
55 S 22 () 35 A7 AE A KR 22, vl B e ok R (i
FHXT 5 22 /5 3K 35.93% . DL #E — 25 DAASE AU 245 44 45
fE S AL RN E RS 2 322 e R R AR T E
A3 HT MBCT 8 75 {7 1115 22 15 1) K 2 8 1K 7 P9 e B
FE A

S5 KR AE 7 18, MBCT 5 Voronoi 5 2 iy 32 2 [X.
SIAE T PBX i BBy UKL T IR A 3 O S FRAE 1Y 22 5,
Hi &1 5 ] DL Y, MBCT 2 T CT B8 A g Uk, K i 5t
TEA, e 0% 2| ) FL 240 00 RUEE T i B AL 4% 245 A R A0 T
Voronoi 15 B fUBURE 3 58 B, B A e B X s 25 R

. I VBCT
35t I \/oronoi model

30
25t
20

relative error / %

backscatter

longitudinal ~ attenuation in  amplitude in
coefficient

wave time domain  frequency
velocity domain

B9 MBCT 5 Voronoi f5 BLAH X 3 22 X [b
Fig.9 Comparison of relative error between MBCT and Vor-

onoi model

=1.02 pus

=1.02 us

t=4.34 s

X P U ) A 4 27 A B S

M AR 7 L 10 % L T MBCT Fil Voronoi
B B P Y . AT DL Y S AR =AY
BB (=1.02 ws) B, W) 4 75 AR RE AR [R] o B & 88 75 I Y
TR, 5 2 B3R K A RO, B A i B b MBCT 5 5
B P ] HR G B 29 58 F Voronoi B8 (IR 10 FR 6
e LIEIEAE) , Ui H Voronoi #55 BU £ EL 4l T 38 AU #5 Wi
L R 2R 45 ) 25 B 1 PR A 45 A T RS S O, T MBCT 488
N 56 HE ML A BT A R R R 45 50 L St FURRAE A5
P TE 30 5 A 1 B RIC I O S S B R AR 1 T R 4
I A D B R S e i — 3,

ST RIEREE S BN T R R, EE
TEA T b i A% B R S S O TR R YA A LR
B RE 32 WORLIE AR RN i O 8 1 52 e 82/, MBCT 5
Voronoi #7876 B4 kL i PE 2 505 % ik B A9 BB A
[F] , PR] Ok G o B R {5 075 38 1) P S S B =2 T 1Y
W22 INT 3% o I D D0 I B B[R] PSR
F2 7 S 7R B0 25 S BT AR O AR R 5 %
K ZE ) AR S R R S o A5 o8 A R A 4
1.2 mm, i BB UKL AR E ] 0.8~1.5 mm, K
SRR RS AE Y, A (2) BT AT, R I A PBX
PLBEHLECSS i 32, MBCT UKL I 31 54 0E 25 7 40 W0 R 2
R IBENLAE e A, S S BRI LT Sy 4, PRt A T
AR TR {5 LA 2] 1 B s U R A SO S SRR
Z I IR 22 /N T 2%, 1 Voronoi 1% B i3 T fij 1k, WUk:
TEASFLIN H 3 Foe /o8 0 m Al T R A U s bR L
FLAS 3 1) Bl e R RS S BB 1 S S 1R 25
i535.93%.

b. Voronoi model

10 MBCT 5 Voronoi # R # 75 {5 E B} ¥ &

Fig.10 Ultrasonic simulation sequence images for MBCT and Voronoi model
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Research on the 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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In order to realize the ultrasonic simulation and analyze the correlation between the structure and performance of TATB based
PBX, an ultrasonic simulation method based on CT image modeling (MBCT) was proposed to characterize the explosive particle
boundary morphology. A two-dimensional geometric structure model including modeling powder particles and boundary shape

was obtained. The MBCT was further used for finite element simulation of ultrasonic propagation.

Chinese Journal of Energetic Materials, Vol.XX, No.XX, XXXX (1-10) A A AL www.energetic-materials.org.cn



