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Fig. 1. Influences of spall model parameters on free surface
velocities: (a) Effects of initial porosity; (b) effects of shear
viscosity; (c) effects of work hardening.
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# 1  OFHC filHH M EEA S %25

Table 1.  Material parameters of OFHC copper and tantalum.
H kgm BUIi R /GPa JERIR Y /GPa R /mes PP /mes FEMRPI R R AL
OFHCH4 8924 484 0.15 3910 4770 2.00
| 16660 69.0 0.70 3386 4187 1.67
%2 OFHC il FIfHE ZA A H
Table 2.  Material parameters of OFHC copper and tantalum for Zerilli-Armstrong constitutive relations.
Ay/GPa A,/GPa A, Ay A,/GPa n
OFHCHA 0.0465 0.890 0.00280 0.00015 0.0185
B 0.2950 1.519 0.00953 0.00032 0.4070 0.582
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Fig. 3. Simulated free surface velocity profile for OFHC

copper.

*3 R

Parameters of shock experiments.
FIR1 TIE2 SUE3 LI IS
M /ms! 412 306 212 303 307
)R /mm 3 3 3 4 2
HUARE /mm 495 495 495 495 495

Table 3.
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Fig. 4. Simulated free surface velocity profiles with varied

impact velocities.
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Method of determining parameters of void growth damage
model and its application to simulation of spall test”
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Abstract

Spallation of ductile metal is of great importance in many scientific and engineering fields, which is due to
the interaction between the incident shock waves and the reflected waves. Physically, the spallation is caused by
nucleation, growth and coalescence of microvoids for ductile material. Therefore, numerical simulation of spall
process usually involves theoretical model of void growth. However, due to the limited knowledge of microvoid
properties, many empirical parameters are included in the void growth model, which are usually determined by
comparing numerical results with experimental data. Therefore, a key problem arises in the numerical modeling
of damage and spall fracture, that how the parameters of the void growth damage model can be determined. In
this work, we present a theoretical method to determine the parameters based on the free surface velocity
(FSV) profile. Firstly, the critical state of damage is discussed based on the relationship between characteristics
of FSV and change of physical quantity in spall plane. Then, the propagation and interaction of shock waves
during the evolution of spall damage are considered. Lastly, the physical meanings of the parameters of the void
growth damage model are further discussed. So, based on the relation among spall strength, damage and pull-
back of FSV, a physics-based method to determine the parameters of the model is given. The applicability of
this method is verified by the simulation of the spall experimental data on typical ductile metals OFHC copper
and tantalum. The parameter-determining method given in this paper can not only expand the scope of
application of the damage model and effectively improve the reliability of the calculation results, but also

provide a good reference for the determination of parameters of other spall damage model.

Keywords: ductile metal, spall damage, void growth damage model, determination method of damage model

parameters
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