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Fig.4 The deformation of particles in material 2" at different particle velocities based on the mesoscale model
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Fig.5 The deformation of particles in material 2* at different particle velocities based on the mesoscale model with uniform particles
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Fig.6 The pressure and temperature response in material 2" at different particle velocities based on the mesoscale model
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Fig.8 The deformation of layers in material 3* at different particle velocities based on the mesoscale modelwith SEM images
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Fig.9 The deformation of layers in material 3# at different particle velocities based on the mesoscale model with uniform layers
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Fig.10 The pressure and temperature response in material 3" at different particle velocities based on the mesoscale model with
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Table 3 The calculated Hugoniot parameters of three Al/Ni

composites

Material No.  mesoscale model C,\V/kmest S

iy based on SEM 4.65 1.10
with uniform particles 4.64 1.09

5 based on SEM 4.81 1.12
with uniform particles 4.72 1.10

" based on SEM 4.77 1.01
with uniform layers 4.91 0.82

Note: 1) C, is sound velocity. 2) Sis a constant in shock equation of states.

Chinese Journal of Energetic Materials, Vol.28, No.10, 2020 (984-994)

Sk, HOANURL BE % L 5 i 0 b T R AR AR
Al/NI 2 258 G R R 2 DL AL SR, NI LT 17
S3 A Hor

(2) AN ZE 5 BE 25 A8 B B 4 W 25 14 A7 7 A8 1312
FEbE 5 B0 RHE vh s B 46 0 78 e 2R R s e R R
BB AR T3 — ¢ M TSV R AR 6 0R R 25 ST Y
¥y e gn A A2 )

(3) fE b ili Hugoniot Z 8055 Jr 1 , WG Fh 2 45
T2 08 AW ORE 3 13 558 R B R AL/NRY R 528 #FRHY
TREE AT, A X T AN £ 2 8 A Rk K 400045 #4
T AE UKL K B0 AN K K A2 & kR 45
FETE R 225

SEZ 0wk
(1] XVwed, A 2525 . —Fh s g ARk il & B ofie i 25 g 2 R e o ) ).
R BT K 2% 2%, 2016, 36(4): 365-369.
LIU Xiao-Jun, REN Hui-lan. Preparation and quasi-static me-

e

www.energetic-materials.org.cn



AINI J 55 g 45 b bR o e R 40 R M 20 003 4L

993

[4]

[10]

[11]

[12]

[13]

[14]

[15]

chanical properties of a reactive material [J]. Transaction of
Beijing Institute of Technology, 2016, 36(4): 365-369.

Wu Q, Zhang Q, Long R, et al. Potential space debris shield
structure using impact-initiated energetic materials composed
of polytetrafluoroethylene and aluminum [J]. Applied Physics
Letters, 2016, 108(10): 101903.

RSO, ARG, FRITHR, A T AR e SAL R J8E i AR 5 AR R
FH T ], A TR 222740, 2017, 37(6): 557-561.
XIAO Yan-wen, XU Feng-yue, ZHENG Yuan-feng, et al. Ex-
perimental study on ignition effects of fuel-filled tank impacted
by reactive material projectile[}]. Transaction of Beijing Insti-
tute of Technology, 2017, 37(6): 557-561.

H RSO, ARV, AP, AR T P R XU B
MM L)), RS, 2017, 35(10): 99-103.

XIAO Yan-wen, XU Feng-yue, YU Qing-bo, et al. Damage of
double-spaced plates by reactive material fragment impact[]].
Science & Technology Review, 2017, 35(10): 99-103.
SRS, G, AP, S TR O A T YR R R kR
Selion ], A BT R %524, 2017, 37(8) : 789-800.
ZHANG Xue-peng, XIAO Jian-guang, Yu Qing-bo, et al. Pen-
etration and blast combined damage effects of reactive materi-
al jet against steel target [J]. Transaction of Beijing Institute of
Technology, 2017, 37(8): 789-800.

SR, AR, BUREAE, AF LS REST AL B OUR 25 LR o ALk g
Wroel)]. BERERSHE, 2017, 46(2): 31-34.

PAN Wen-qgiang, FU Dai-xuan, LAl Kang-hua, et al. Study on
Penetration Performance of Bi-layer Liner in Energetic Penetrat-
ing ChargelJ]. Explosive Materials, 2017, 46(2): 31-34.
MESCH, TRV, R SR AL S RE R A R B )], T
MR T2, 2013, 42(6): 19-23.

YE Wen-jun, WANG Tao, YU Yin-hu. Research Progress of
Fluoropolymer-Matrix Energetic Reactive Materials [J]. Aero-
space Materials and Technology, 2013, 42(6): 19-23.
Numula A K. Reactive current activated tip-based sintering of
nickel aluminides[ D ]. Faculty of San Diego State University.
Martin M. Processing and characterization of energetic and
structural behavior of nickel aluminum with polymer binders
[D]. Georgia Institute of Technology, 2005.

Zhang X F, Zhang J, Qiao L, et al. Experimental study of the
compression properties of AI/W/PTFE granular composites un-
der elevated strain rates [J]. Materials Science and Engineer-
ing: A, 2013, 581: 48-55.

Wei C T, Vitali E, Jiang F, et al. Quasi-static and dynamic re-
sponse of explosively consolidated metal-aluminum powder
mixtures| J]. Acta Materialia, 2012, 60(3): 1418-1432.
Specht P E, Weihs T P, Thadhani N N. Interfacial Effects on
the Dispersion and Dissipation of Shock Waves in Ni/Al Multi-
layer Composites[]]. Journal of Dynamic Behavior of Materi-
als, 2016, 2(4): 500-510.

Reeves R V, Mukasyan A S, Son S F. Thermal and impact reac-
tion initiation in Ni/Al heterogeneous reactive systems[]]. The
Journal of Physical Chemistry C, 2010, 114 (35) : 14772~
14780.

Williamson R L. Parametric studies of dynamic powder consol-
idation using a particle-level numerical model [J]. Journal of
Applied Physics, 1990, 68(3): 1287-1296.

Benson D J. The calculation of the shock velocity—particle ve-

locity relationship for a copper powder by direct numerical

CHINESE JOURNAL OF ENERGETIC MATERIALS

simulation[)]. Wave Motion, 1995, 21(1): 85-99.

[16] Benson D J, Conley P. Eulerian finite-element simulations of
experimentally acquired HMX microstructures [J]. Modelling
and Simulation in Materials Science and Engineering, 1999, 7
(3): 333-354.

[17] Austin R A. Modeling shock wave propagation in discrete Ni/
Al powder mixtures [D]. Georgia Institute of Technology,
2010.

[18] Austin R A, Mcdowell D L, Benson D J. Numerical simulation
of shock wave propagation in spatially-resolved particle sys-
tems [J]. Modelling and Simulation in Materials Science and
Engineering, 2006, 14(4): 537-561.

[19] Austin R A, Mcdowell D L, Benson D J. Mesoscale simulation
of shock wave propagation in discrete Ni/Al powder mixtures
[J]. Journal of Applied Physics, 2012, 111(12): 123511.

[20] FR R, skOGHe, (53, 25 . 0k 4 A ORL ohif 1 45 4000 ) 2% 05 31
BRI A ()], MU TR 242 4l 2013, 37(2) ¢ 219-225.
QIAO Liang, ZHANG Xian-feng, HE Yong, et al. Study on
generation of shock compression meso-mechanic simulation
model for particle metal materials[]]. Journal of Nanjing Uni-
versity of Science and Technology, 2013, 37(2): 219-225.

[21] Qiao L, Zhang X F, He Y, et al. Mesoscale simulation on the
shock compression behaviour of Al-W-Binder granular metal
mixtures| ]]. Materials & Design, 2013, 47: 341-349.

[22] Eakins D E, Thadhani N N. Mesoscale simulation of the config-
uration-dependent shock-compression response of Ni+ Al pow-
der mixtures[)]. Acta Materialia, 2008, 56(7): 1496-1510.

[23] Eakins D E, Thadhani N N. Discrete particle simulation of
shock wave propagation in a binary Ni+ Al powder mixture
[J]. Journal of Applied Physics, 2007, 101(4): 043508.

[24] Xiong W, Zhang X, Zheng L, et al. The shock-induced chemi-
cal reaction behaviour of Al/Ni composites by cold rolling and
powder compaction [J]. Journal of Materials Science, 2019,
54(8): 6651-6667.

[25] Johnson G R, Cook W H. A constitutive model and data for
metals subjected to large strains, high strain rates and high
temperatures[ C]// Proceedings of the 7th International Sympo-
sium on Ballistics, 1983.

[26] Xiong W, Zhang X, Tan M, et al. The Energy Release Charac-
teristics of Shock-Induced Chemical Reaction of Al/Ni Com-
posites [ J]. The Journal of Physical Chemistry C, 2016, 120
(43): 24551-24559.

[27] WSO, skE At PSR ELe KOt BHEIS (M. w5 808 R
¥, 2008.

TANG Wen-hui, ZHANG Ruo-qi. Introduction to Theory and
Computation of Equation of State[ M ]. Beijing: Higher Educa-
tion Press, 2008.

[28] Vitali E, Wei C-T, Benson D |, et al. Effects of geometry and
intermetallic bonding on the mechanical response, spalling
and fragmentation of Ni-Al laminates [J]. Acta Materialia,
2011, 59(15): 5869-5880.

[29] Peyre P, Chaieb I, Braham C. FEM calculation of residual
stresses induced by laser shock processing in stainless steels
[J]. Modelling and Simulation in Materials Science and Engi-
neering, 2007, 15(3): 205-221.

[30] Zhang X F, Qiao L, Shi A'S, etal. A cold energy mixture theo-
ry for the equation of state in solid and porous metal mixtures
[J]. Journal of Applied Physics, 2011, 110(1): 013506.

N XK 2020 % % 284 % 104 (984-994)



994 AEHE, TR BRI AE  FE T AL R AR
[31] Jordan J L, Herbold E B, Sutherland G, et al. Shock equation cal Physics, 1990, 92(3): 1839-1848.

of state of multi-constituent epoxy-metal particulate composites
[J]. Journal of Applied Physics, 2011, 109(1): 013531.
Reding D J. Multiscale chemical reactions in reactive powder
metal mixtures during shock compression [J]. Journal of Ap-
plied Physics, 2010, 108(2): 024905.

Lemons D S, Lund C M. Thermodynamics of high tempera-
ture, Mie - Gruneisen solids[)]. American Journal of Physics,
1999, 67(12): 1105-1108.

Meyers M A. Dynamic behavior of materials{/M]. John wiley &
sons, 1994.

Boslough M B. A thermochemical model for shock-induced re-

AEHE, sROLEE, BRWEE, 4% . 5L AN Z 22 G R K 12
11045 i BE e AR PEOF 5T )], B 4E 5 wb b, 2019, 39(5) ¢
055301.

XIONG Wei, ZHANG Xian-feng, CHEN Ya-xu, et al. Me-
chanical properties and shock-induced chemical reaction be-
haviors of cold-rolled Al/Ni multi-layered composites [J]. Ex-
plosion and Shock Waves, 2019, 39(5): 055301.

Xiong W, Zhang X, Wu Y, et al. Influence of additives on mi-
crostructures, mechanical properties and shock-induced reac-
tion characteristics of Al/Ni composites [J]. Journal of Alloys
And Compounds, 2015, 648: 540-549.

actions (heat detonations) in solids[)]. The Journal of Chemi-

Mesoscale Modeling on Dynamic Behavior of AI/Ni Energetic Structural Materials Under Shock Compression

XIONG Wei, ZHANG Xian-feng, CHEN Hai-hua, DU Ning, BAO Kuo, TAN Meng-ting
(School of Mechanical Engineering » Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: The dynamic behavior of Al/Ni energetic structural materials under shock compression loading was investigated by me-
soscale simulation. The influence of material composition and manufacturing technique on microstructures were analyzed
against the scanning electron micrographs (SEMs) of three typical Al/Ni materials. Two types of mesoscale models were estab-
lished based on the SEMs and the uniform particle morphologies of Al/Ni material, respectively. The shock responses of Al/Ni
material, including particle deformation, pressure, temperature, and propagation of shock waves, were analyzed. The results
show that, as for AI/Ni powder composites, Ni particles are the main components of the matrix, and the embedded Al particles
gradually reunite with its volume fraction increasing. In contrast, Al layers are the main components of the matrix of Al/Ni
multi-layered composites, and Ni particles parallelly distributed in the material. The mesoscale model with the uniform particles
could not be used to predict the formations of local high pressure and hot spots, since that such processes are related to the het-
erogeneous microstructure of Al/Ni materials.
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