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Table 1 Parameters for the experiments

Number Impact stress/(GPa) Flyer velocity/(m/s) Flyer thickness/(cm)  Target thickness/(cm)

1 22.6 705 0.1452 0.4057
2 16.1 522 0.1631 0. 4066
3 11.5 380 0.1442 0.4051
4 8.9 294 0.1451 0.3994
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Table 2 Parameters for EOS of tantalum

LR, HE R E Wi Hugoniot X RMUA

Po Cy Krn Gm Bl BZ 33
/(g/ecm®) /(Jeg™'eK) /(GPa) /(GPa) /(GPa) /(GPa) /(GPa)
16. 67 0.14 196 69 186.0 332.9 234.0 1.58
x3 #HPBPHEESHK
Table 3 Parameters for B-P model of tantalum
ég A a mo m 20 21
/(s 1) /(GPa™!) /(GPa™!) /(GPa™!) /(GPa) /(GPa)
1.0X10° 0.74 0.0 0.0 2.0X 10° 0.0 1.9 317
F4 EHMEH J-CHEBS KDY
Table 4 Parameters for modified J-C model of tantalumt'?]
€5 A B T To
C M n
/(s™Y) /(GPa) /(GPa) /(K) /(K)
4.0X107* 0. 34 0. 26 0.042 0. 88 0.32 3269 300
x5 HEPAMRGSE
Table 5 Parameters for tensile damage of tantalum
51 ON
f cr Dtc
’ £ /(GPa) /(GPa) /
1.0X1073 0. 003 1.218 4. 87 1.0 0.3
®6 HEPHUIRGSE
Table 6 Parameters for shear damage of tantalum
&4 D; D, D, D, Ds D,.
0. 000 —0. 800 2.100 —0. 500 0.002 0.610 0.3
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Fig.1 Comparison of free surface velocity profile

between simulations and experimental data
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Fig. 2 Distribution of porosity and coefficient of matrix yield strength at different time
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Numerical Modeling of Spallation Experiments of Tantalum

JIANG Song-Qing, LIU Wen-Tao
(Beijing Institute of Applied Physics and Computational Mathematics ,Beijing 100088 ,China)

Abstract: A phenomenological model, which includes nonlinear elasticity (equation of state), rate-de-
pendent plasticity,and void nucleation and growth,is provided for modeling the spallation behavior of
tantalum. An implicit numerical technique, diagonally implicit Runge-Kutta method, is used to solve
the constitutive rate-equations,and some improvements to the stability and accuracy of the solution are
obtained. The model developed is used to simulate the plate impact experiments on tantalum. Compari-
sons are made between the model and the experimental data. Results show that close agreement be-
tween model predictions and experimental results is obtained for moderate or high velocity plate im-
pact experiments,but some improvements in the model are necessary to predict the damage evolution
and failure in incipient spall fracture of tantalum.

Key words: tantalum;spallation;rate-dependent plasticity; void; diagonally implicit Runge-Kutta meth-

od; thermoviscoplastic constitutive relation;incipient spall fracture



