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Table 2 Parameters of copper material

o/ (g/cm®) % G/ (m/s) S, T/(K)
8.9299 2.02 3940 1. 489 300
e/[1/ (kg + K] G/(GPa) Y/ (GPa) Y/ (GP2) 8
383 7.7 0.12 0. 64 36
n G, Gr/(MPa/s) Y, Tt/ (KO

0. 45 1. 35 —17.98 3.396X10 ° 1790
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((a) Deformation morphology of meso-scale model; (b) Pressure distribution morphology ;(c) Shock wave front morphology)
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Table 3 Comparison of the Hugoniot parameters

from meso-scale simulation with experiment

TMD d/(pm)  C./(km/s) S Cop/(km/s) S

50% 15 0.2216 1.7307  0.9409 1.5144
63% 15 0.1868 2.0876 1.0503 1.8301
100% 15 4.1281 1.4068  3.9095 1.5086
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Table 4 Hugoniot parameters calculated from meso-scale simulation

with different TMD and particle sizes

TMD d/(pm)  C/(km/s) S TMD d/(pm)  C/(km/s) S
50% 10 0.3167 1.9544 40% 15 0.0307 1.6158
50% 15 0.1467 1.7588 63% 15 0.1868  2.0875
50% 20 0.2718 1.5611
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Fig. 5 The morphologies of copper meso model(63% TMD,d=15 pm)

under different impact velocities
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(a) Deformation morphology; (b) Local deformation morphology; (¢) Local temperature morphology
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Meso-Scale Numerical Simulation of the Shock Compression
of Particle Metal Materials

QIAO Liang'?,ZHANG Xian-Feng' , HE Yong',
SHI An-Shun'*?,ZHANG Jiang'*

(1. Ministerial Key Laboratory of ZNDY ,Nanjing University
of Science & Technology s Nanjing 210094 ,China;
2. Beijing Institute of Space Long March Vehicle ,Beijing 100076 ,China;
3. Yantai Branch of China Academy of Ordnance Science ,Yantai 264003,China;
4. Ningbo Branch of China Academy of Ordnance Science s Ningbo 315103 ,China)

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 sim-
ulated and Hugoniot parameters of typical PMM were extracted. Based on the simulated results, con-
clusion 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 characteristics of
PMM play an important role on its macro-scale property.

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

merical simulation
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