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Fig.1 Meso-scale finite element model of copper with 63 % TMD
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Table 2 Parameters of copper material
o/ (g/cm®) % C/(m/s) S T/(K)
8.9299 2.02 3940 1. 489 300
ep/[1/ (kg *+ K] G/ (GPa) Y/(GPa) Y/ (GP2) B
383 47.7 0.12 0. 64 36
n G, Gr/(MPa/s) Y, Tt/ (KD
0.45 1.35 —17.98 3.396X10° 1790
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Fig. 2 Shock compression of 63% TMD d=10pm under u, =500 m/s

((a) Deformation morphology of meso-scale model; (b) Pressure distribution morphology ;(c) Shock wave front morphology)

3.2 ANHPEEHUSCHELRERIIIEL 10— Exp.. 637% TVD (From Ref. [18])

I [ 98 17 BT h7 B S B0 2 AE 20 tH4D 50 AEARIT _ 9E‘f"§;§?ﬁ§gfﬁ’ﬂ Rt “)
. . @ 8' : :m 3 cc . =:35 m -" @0
J& T R R R (10~50 GPa) il FE 45 52 50 I Rt W
ARG T AR AY Hugoniot %Y, 454 528040 4h % ol “Agﬁ; .
SOE ARG 5E T KRB SE A F MR 3 5 e b
{18 et e R O A H B3R 7 244 8] T Hugoniot 2 E : ‘ L (o Ref. 113
[ Exp., 100% TMD
B, XA B S5 528 Hugoniot 248, (K 3 A z of AR 7 irli:{[(}il;lplicg()ag’ll';le
— Vo . € EI AN 1 . ) ) . l(mechf. “:8])
AN AR B L7 B Cu, 1500 m/s) B4 2L 0 05 1.0 15 20 25 3.0 35 4.0 4.5
T 25 S 5 S0 45 SR 0% 25 0 K i AE R R R e Particle velocity/(km/s)
B (u,>>1500 m/s) HEBEBITH SRS EHF L B3 RS 4T Cu 410K 155
0585 ) £ R 5 B P 52 E MR R 1590 92 Hugoniot 40kt H.

AL R 55086 1% 22 BN . R R F L R Fig. 3 Comparison of the simulated and experimental "]
FHZ 40 WA L 5515 2 1Y Us-Up Hh 26 5 52 56 5008 Wy Hugoniot parameters for copper with different TMD



% 6

IS T Y v Ul AT T DYIR VG R A E 1 867

B LE LR ST R A0 BR TR UL 7 1 AT AT L REACAF M T T 5 AR b i Hugoniot 24, 28 HUEY

RS ROEH .

R3 AMHFBEELITE S5 LI Hugoniot SE X LE
Table 3 Comparison of the Hugoniot parameters

from meso-scale simulation with experiment

TMD d/(pm)  Ce/(km/s) Sl Cexp/ (km/s) Sexp

50% 15 0.2216 1.7307 0.9409 1.5144
63% 15 0.1868 2.0876 1.0503 1.8301
100 % 15 4.1281 1.406 8 3.9095 1.5086
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Fig. 4 Hugoniot parameters depending on the size of particles and TMD
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(a) Deformation morphology; (b) Local deformation morphology; (c) Local temperature morphology
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Meso-Scale Numerical Simulation of the Shock Compression
of Particle Metal Materials
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Abstract ;: Meso-scale characteristics of particle metal materials (PMM) play an important role in deter-
mining its macro-scale mechanical property. In order to investigate relationship between meso-scale
characters (particle size, distribution, morphology, porosity) and macro-scale mechanical property, a
FEM meso-scale model which can follow the distribution of real structure was built with reasonable
simplification. By exploiting AUTODYN FEM software, shock compression process of PMM was
simulated and Hugoniot parameters of typical PMM were extracted. Based on the simulated results,
conclusion was made on how the meso-scale characteristics (e. g. theoretical mass density, particle
size) make impact on the macro-scale shock compression mechanical property. Deformation
morphologies and temperature rise during shock compression were also acquired by simulations. It is
shown that the simulated result shows a good agreement with the experiment and the meso-scale char-
acteristics of PMM play an important role on its macro-scale property.

Key words: particle metal materials; shock compression; meso-scale model; Hugoniot parameters;

numerical simulation
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