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Fig.2 Illustration of the flyer impacting LiF specimen model
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Table 1 Model information in simulations

Sample No. Flyer material Window material vi(m-s™) .Sample’s Ref.
thickness/mm
LiF01 Al Quartz 340.0 1.35 [6]
LiF02 Al Quartz 340.0 1.98 [6]
LiF03 LiF LiF 423.8 3.0 [17]
LiF04 LiF LiF 1321.6 3.0 [17]
LiF05 LiF LiF 1641.5 3.0 [17]
LiF06 Fused sillica Fused sillica 340.9 1.143 [18]
LiF11, LiF12, LiF13 LiF LiF 340.0 3.0

Note: LiFO1-LiF06 models were built based on the parameters of specimens and experiments in references, while LiF11—
LiF13 models were designed for comparison of profile characteristic differences with successively increased specimen
doping concentration.

R 2 <100> LiF BB MR85

Table 2 Hyperelastic constitutive parameters of <100> LiF

Subscript ~ C,/GPa d—" % /(MPa-K™')  K/GPa Ky pl(gem™) ¢ /0kg"K) T,
p

11 113.97 9.97 ~75.56

12 47.67 273 2839 69.97 443 2.64 1612.02 1.68

44 63.64 1.38 ~13.94

SH PR AL 5 TR R AT 22 00 B BCE M S Ak B, B (20) 2P b R S B AT, A5 R gk 3 Ay
Ro H PR SEHG# 2Rk Y LiF S0 148 4 ik B R[], R LA L ) IR S M A K S O AT 22 50 72 &
FORIET ] B S A Wy 2E SR, W AR R L A 0 R ARORIUG A SR TE N B M RS 8, SR S
Wik [23-28]H 76 HE RS AR TE 261 T A B M 0) 46 (1) A RES 5, LLRAE sha8 ks 508 159 20 9 A4 kL& 8K
X R B B A O 2R o

&3 <100> LiF B R FBHE R B S H
Table 3 Crystal plasticity constitutive parameters of <100> LiF

Sample No. 7,/MPa B n For/us™ Volps™ m A %T /87!
LiF01, LiF02, LiF11 121.0 0.08
LiF03, LiF04, LiF05, LiF12 113.9 4.0 0.30 3.5x107° 0.12 0.09  4.7x107 0.15
LiF06, LiF13 86.4 0.40

2.2 I FHE
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Fig. 3 Comparison of wave profiles of <100> LiF from CPFEM simulations and experiments
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Crystal Plasticity Finite Element Simulation of High-Rate
Shock Deformation Process of <100> LiF

LIU Jingnan', YE Changging', CHEN Kaiguo’, YU Yuying’, SHEN Yao'

(1. The State Key Lab of Metal Matrix Composites, School of Material Science and Engineering,
Shanghai Jiao Tong University, Shanghai 200240, China;
2. National Key Laboratory of Shock Wave and Detonation Physics, Institute of Fluid Physics,
CAEP, Mianyang 621999, China)

Abstract: A crystal plasticity finite element model combined with equation of state was built to simulate the
dynamic elastic-plastic large deformation behavior of <100> LiF under high-rate shock loading. The
characterization of the stress wave profile, the patterns of the dynamic mechanical evolution and their
essential causes in view of the continuum mechanics were obtained through simulations, with the following
results achieved: (1) the wave profiles of millimeter-sized specimens exhibit elastic-plastic two-wave
response, elastic precursor decay and stress relaxation below 15 GPa; (2) in view of continuum mechanics,
the stress relaxation is essentially due to the viscous plastic flow which accounts for the increase rate of the
total strain being less than that of the plastic strain, and which further reduces the elastic strain and pressure;
(3) the third derivative of pressure to time being greater than zero was proposed as a criterion for estimating
the critical pressure of the two-wave and the one-wave response of the stress wave profile, and the estimation
result indicated that the critical pressure increased with the increase of the doping concentration in specimen;
(4) the effect of temperature rise during the high-rate shock deformation is non-negligible, and the elastic
volumetric deformation contributes to most of the temperature rise.

Keywords: LiF; crystal plasticity; equation of state; stress relaxation; two-wave response

014101-12


http://dx.doi.org/10.1063/1.1714520
http://dx.doi.org/10.1063/1.1659227
http://dx.doi.org/10.1063/1.3373388
http://dx.doi.org/10.1063/1.1714520
http://dx.doi.org/10.1063/1.1659227
http://dx.doi.org/10.1063/1.3373388
http://dx.doi.org/10.1063/1.1714520
http://dx.doi.org/10.1063/1.1659227
http://dx.doi.org/10.1063/1.3373388
http://dx.doi.org/10.1063/1.1714520
http://dx.doi.org/10.1063/1.1659227
http://dx.doi.org/10.1063/1.3373388

