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Fig. 3 (a) Thermal energy assists dislocations to overcome barriers (Ty < T} < T, < T3)P", and

(b) barriers encountered by a dislocation on its course™
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(a) Without thermal softening (b) With thermal softening
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Fig. 4 Influence of thermal softening on accumulated plastic slip of polycrystalline Ta during shock deformation under 32 GPa™™!
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Table A1 Symbol description of kinematics

Symbols Description
F(F, P, F") Deformation gradient including elastic, plastic and thermal components
L(L, L°, L) Velocity gradient including elastic, plastic and thermal components
R Rotation tensor
U Right stretch tensor
a Thermal expansion coefficient tensor

RA2 RAFFFSRA
Table A2 Symbol description of thermodynamics

Symbols Description Symbols Description
D, Intrinsic dissipation of the system K, Bulk modulus at zero pressure
v Helmholtz free energy K’ Pressure derivative of bulk modulus
s Entropy of the system Ty Debye temperature
T Temperature R Molar gas constant
K, Isothermal bulk modulus M.,  Molar mass of the material
Cy Heat capacity at constant volume kg Boltzmann constant
VA Griineisen coefficient XN Variables related to the lattice thermal vibration

Internal variables for microscopic defects such . L.
qx . . . . Xig Variables related to the electron activation
as dislocations in materials

R A3 BUAMFEFSUA
Table A3 Symbol description of plastic constitution

Symbols Description Symbols Description
A* Mean spacing between obstacles Plor Forest dislocation density
o The drag-dominated mean transit time between
7 Resolved shear stress I
obstacles
0 Activation energy B Viscous drag coefficient
g Slip resistance Phuc The nucleation rate
San Athermal slip resistance Phom  The homogeneous nucleation rate
oy Hardening coefficient Phet The heterogeneous nucleation rate
Yz Total dislocation density Pmue The multiplication rate
on Mobile dislocation density Prap  The trapping rate
of Immobile dislocation density Ji The annihilation rate
b Burgers vector d, Capture distance of annihilation
" . L i o The thermal activation-dominated waiting time at
4 Velocity of mobile dislocations Iy .
a barrier
7 Slip rate on slip system a
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Table A4 Symbol description of hyper-elastic constitution

Symbols  Description Symbols  Description
I Second-order unit tensor E¢ Isochoric strain in expanded configuration
E° Elastic Green—Lagrange strain E° Isochoric strain in configuration I
(O Elastic right Cauchy-Green tensor E¢ Volumetric strain in configuration I
F¢ Isochoric part of elastic deformation S Second Piola—Kirchhoff stress
Fe Volumetric expansion

RAS BEFRSHEHIRFSULA

Table AS Symbol description of phase transformation, twining and damage

Symbols Description Symbols Description
F* Deformation gradient of phase transformation S fw Twin resistance of twin system
v, Volume fraction of the parent phase Pacb Dislocationdebris density
) Dislocation mean free path related to the volume
v, Volume fraction of the new phase ¢ 7 . .
fraction of twin
VN Volume fraction of all new phases (% Void volume fraction
.. . Volumetricpartofplastic deformation gradient in
f Driving force of phase transformation F P P ) £
porous crystal plastic model
f Volume fraction of twin Y, Resistance of damage evolution
Yiw Characteristic shear strain of twining

Crystal Plasticity Finite Element Theoretical Models and Applications for High
Temperature, High Pressure and High Strain-Rate Dynamic Process

LIU Jingnan, YE Changqing, LIU Guisen, SHEN Yao
(School of Material Science and Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: For shock deformation behavior of materials under high temperature, high pressure and high
strain-rate loading conditions, dynamic crystal plasticity models can directly reflect the anisotropy of plastic
slip and its dependence of temperature, pressure and microstructure in crystals. In consequence, dynamic
crystal plasticity models are widely used in simulations of material impact dynamic response, microstructure
evolution and dynamic damage. Theoretical models of dynamic crystal plasticity under high pressure shock
loading conditions were reviewed in this paper, mainly including: deformation kinetics, hyperelastic
constitutive models incorporating equations of state, and crystal plasticity constitutive models. This paper
also covers plastic deformation mechanisms, including dislocation slip, phase transition and twinning; as
well as dynamic damage, including spalling and adiabatic shear band.

Keywords: dynamic crystal plasticity finite element method; dynamic response; microstructural evolution
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