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Fig.2 Distribution of ZNCC coefficient using original CT volume images under different loading states
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Fig.5 Distribution of ZNCC coefficient of optimized CT images under different loading states
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Fig. 6 Displacement fields under different loading states
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Table 1

loading states

Mean value of strain component under different

load straine  straine ~straine, strainy ~ strainy strainy,
load1 1.9x10™* 5.4x107™* -5.0x10™* 2.5x10™* -5.1x10™" -6.9x107*
load2 1.1x107° 1.9x107° -2.6x107° 3.9x10™* -6.8x10™" -8.9x107°

load3 2.4x107° 2.3x107 -4.7x107 5.1x10™* -4.0x10™* -1.6x107°

load4 3.9%107 4.5x107° -8.0x107% -1.8x10™* 2.4x10™* 1.8x10™*

F2  OR[EEAT B B g AR 2 MG i 2k
Table 2

der different loading states

Linear fitting curve of stress-strain relationship un-

number location

1 (0.0102, 5.0989)
2 (0.0212, 10.1927) load 1-2:
3 (0.0262, 12.7341) load 2-3:
4 (0.0314, 16.5547) load 3-4:

fitting line

load 0-1: o, =532.25¢,-0.3526
o, =649.135,-3.4061
o,=1317.00s,-21.389

o,=1372.30s,-26.032
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Fig.7 Stress distribution of o,,(MPa) during elastic state
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Fig.8 Internal microcrack detection based on the distribution of ZNCC coefficient from DVC calculation: (a) a slice image of

sample with a crack initiated from edge , (b) CT image of crack tip region indicated by red box, (c) distribution of ZNCC coeffi-

cient of crack tip region indicated by red box

I, ZNCC Z 8038 i e 1% , X 32 22 2 76 24 a0 B i
AR R AR AT, W51 R VC B R 2. 76 CT ik
B 4y HE R A L B A7 &, B AT 0L ZNCC & 35 38
1k, B 3E 3 DVC 8 /9 ZNCC 2 %07 16 |, Al LA fif
LR @ 2 el AN o S VAR e < S )
43 .

3 & it

£ TATB 5E PBX B4 BH Bl 45 52 56 ), 3@ i DVC
T5 A M A R 8 AT T R F = 4e R R, 08 T e
PRI A PR AE T 3 0 AR O . BT 4 AR R

(1) #£ DVC H 55 i 6 s 4 AR 2E 47 K B B )5 I
LA, KR AR AL, M OBHTE 4 Bl 4 T 19 ZNCC &
BB AE 0.75 LA |, DVC it 45 B B A & m i l
S

(2) FE 45 5t 72 v B 25 2 fer (0 38, 1k & A ok
() 4 28, Wi 4 AT IR B T 0.8% HE 46 8 AF o HJE
T A 1 JURLAA R (8 BEOREAS 38 50 il L N — e AR
B 2 —E AR B 5.

(3) 4 ZNCC Z 03 i B FH Tl Ak 8 SR i 2
IR, BE A% A7 PR | RO S /N T w-C TR BE (0 £ 4
oA O

Chinese Journal of Energetic Materials, Vol.30, No.12, 2022 (1272-1281)

S5 3k :

[1] PALMER S, FIELD J, and HUNTLEY J. Deformation, strengths
and strains to failure of polymer bonded explosives[]]. Pro-
ceedings of the Royal Society of London. Series A: Mathemati-
cal, Physical and Engineering Sciences, 1993, 440:399-419.

[2] RAEPJ, PALMER S, GOLDREIN H, et al. Quasi-static studies
of the deformation and failure of PBX 9501[J]. Proceedings of
the Royal Society of London. Series A: Mathematical, Physical
and Engineering Sciences, 2002, 458: 2227-2242.

[3] ELLIS K, LEPPARD C, and RADESK H. Mechanical properties
and damage evaluation of a UK PBX[]J]. Journal of Materials
Science, 2005, 40: 6241-6248.

(4] 2230, whl, MR, 5k T . AR HE ARb BN PBX KE 24 1) 25 18 e P ¥ ot

WA ()], ek R, 2008, 16(2):185-187.
LAN Qiong, HAN Chao, Yong Lian, ZHANG Ming. Effects of
low-pressure heat treatment on charge density and inner quali-
ty of PBX [J]. Chinese Journal of Energetic Materials( Hanneng
Cailiao), 2008,16(2):185-187.

[5] Z=HB, s, B3R . PR R XS TATB 56 o 2R W B 45 1 24 1k

BERYSZIABESE [)]. S BERF AL, 2005,13(8):208-210.
LI Jing-ming, WEN Mao-ping, HUANG Yi-min. Effect of ther-
mal cycling test on the properties of TATB based PBX[}]. Chi-
nese Journal of Energetic Materials(Hanneng Cailiao) , 2005,
13(8):208-210.

(6] o8, FUL, A8, 45 . A 7417 5T I ik TATB & PBX 54l T 448 F

WREJIBTSE ()], & REM . 2017,25(10) :860-865.
XU Yao, WANG Hong, LI Jian, et al. Internal stress measure-
ment during uniaxial compression for TATB based PBX by neu-
tron diffraction[)]. Chinese Journal of Energetic Materials( Han-
neng Cailiao), 2017,25(10) :860-865.

Sttt

www.energetic-materials.org.cn



JE BT A TR 5 R O vk B TATB 35 PBX A4 R P 35 72 . I 1281

[7] Z=W, k¥R, WM, & P EBEAHSCH AR RN )] FE Mason sand under confined compression using incremental
S 7T/, 2005, 3(1): 36-39. DVC[J]. Experimental Mechanics, 2014, 54: 1575-1586.
LI Ming, ZHANG Jue, WEN Mao-ping, et al. Digital speckle [15] WANG Bo, PAN Bing. Incremental digital volume correlation
correlation and its applications[]]. Information and electronic method with nearest subvolume offset: An accurate and sim-
engineering, 2005, 3(1): 36-39. ple approach for large deformation measurement[J]. Advances
[8] WANG Yan-jun, CHARBAL A, DUFOUR J-E, et al. Hybrid in Engineering Software, 2018, 116: 80—88.
multiview correlation for measuring and monitoring thermome- [16] WIE ATy EAAAF B IR UG A 56 05 v b 26 Tk AU R /b — 9
chanical fatigue test[J]. Experimental Mechanics, 2020, 60 BRI AR T () ). 5256 J12F,2011,26(6) : 665-673.
(1):13-33. PAN Bing, WU Da-fang, GUO Bao-giao. Digital volume im-
(9] Wi, EM . B iR BGAH X Jr ik DR se ke ()], Bb % 4k age correlation by using iterative least-squares for internal de-
2017, 62: 1671-1681. formation measurement [J]. Journal of Experimental Mechan-
PAN Bing, WANG Bo. Research progress in digital volume ics, 2011, 26(6): 665-673.
correlation method (in Chinese) [J]. Chinese Science Bulletin, [17] PAN Bing, WANG Bo. A flexible and accurate digital volume
2017, 62: 1671-1681. correlation method applicable to high-resolution volumetric
[10] PARAB N, ROBERTS Z, HARRA M, et al. High speed X-ray images [J]. Measurement Science & Technology, 2017, 28
phase contrast imaging of energetic composites under dynamic (10): 105007.
compression[J]. Applied Physics Letters, 2016, 109: 131903. (18] AFF VRIS, AL, 25 . o 0 F0T 0k 0 o) i % T 4 A S 4 5% i
[11] HILD F, FANGET A, ADRIEN J, et al. Three-dimensional anal- MR BEFE L], SheEAai, 2021, 41(15): 2.
ysis of a tensile test on a propellant with digital volume correla- ZOU Xiang, PAN Bing, WANG Yan-jun, et al. Study on Influ-
tion[)]. Archives of Mechanics, 2011, 63(5-6):459-478. ence the effect of volumetric image Gaussian prefiltering on
[12] SJODAHL M, SIVIOUR C, FORSBERG F. Digital volume cor- digital volume correlation measurements|]]. Acta Optica Sini-
relation applied to compaction of granular materials[)]. Proce- ca, 2021, 41(15): 2.
dia IUTAM, 2012, 4: 179-195. [19] XU Feng. Quantitative characterization of deformation and
[13] HU Zhen-xing, LUO Hui-yang, BARDENHAGEN G, et al. In- damage process by digital volume correlation: A review[J]. The-
ternal deformation measurement of polymer bonded sugar in oretical and Applied Mechanics Letters,2018,8(2): 83-96.
compression by DVC of In-situ tomography [J]. Experimental [20] WANG Yan-jun, CHARBAL Ali, HILD Francois, et al. Crack
Mechanics, 2014, 55(1): 289-300. initiation and propagation under thermal fatigue of austenitic
[14] HU Zhen-xing, DU Ying-jie, LUO Hui-yang, et al. Internal stainless steel[J]. International Journal of Fatigue, 2019, 124
deformation measurement and force chain characterization of 149-166.

3D Deformation Measurement in TATB Based PBX Based on Digital Volume Correlation With u-Computed
Tomography

WANG Yan-jun', ZOU Xiang*, PAN bing’, GUO Yu-chen', LIU Chen', HAN Chao', LV Ke-zhen'
(1. Institute of Chemical Materials, China Academy of Engineering Physics, Mianyang 621999, China; 2. Institute of Solid Mechanics, Beihang University ,
Beijing 100191, China)

Abstract: In order to accurately understand the mechanical characteristic of 1,3, 5-triamino-2,4, 6-trinitrobenzene (TATB)-based
polymer bonded explosive (PBX) under compressive loading, an in-situ measurement technique based on micro X-ray comput-
ed tomography (u-CT) imaging and digital volume correlation (DVC) was proposed. The in-situ scanning for TATB based PBX
sample under uniaxial compression was carried out by using u-CT and the three-dimensional digital volume images of the sam-
ples under different loading were obtained. Then, two sets of digital volume images obtained before and after loading respective-
ly were analyzed by using local DVC method based on the Inverse Compositional Gauss-Newton (IC-GN) algorithm and the
three-dimensional internal displacement and strain fields with sub-voxel accuracy were obtained. The internal stress fields were fi-
nally rebuilt according to the elastic Hook’s rule. The results show that the generation and development process of the strain lo-
calization zone inside the sample could be directly revealed based on the internal measurement technique combining DVC and
#-CT. In addition, the Zero-mean Normalized Cross-Correlation (ZNCC) coefficients are commonly lower at the microcracks. In
practical applications, the location of sub-voxel microcracks could be identified by the distribution of ZNCC coefficients.

Key words: polymer bonded explosive (PBX) ;digital volume correlation (DVC) ;3D internal deformation measurement
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