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Abstract: The spallation characteristics of ductile tantalum metal under planar plate impact was analyzed through a multi-
scale perspective. And the typical characteristics of the free-surface velocity curve on the macro-scale were interpreted from
the micro-scale to reveal the physical meanings corresponding to these typical characteristics. On the macro-scale, the
spallation behaviors of the ductile tantalum metal under planar-plate impact were numerically simulated through the smooth
particle hydrodynamics (SPH) and Lagrange methods, and the free-surface velocity curves of the tantalum during spallation

were obtained. In addition, the free-surface velocity curves obtained by the Johnson-Cook model, Steinberg-Cochran-Guinan
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model and Zerilli-Armstrong model were compared in the numerical simulations. Comparison with the experimental data
shows that the Steinberg-Cochran-Guinan constitutive model has a better performance in the macro-level simulation. The free-
surface velocity curves at different strain rates were obtained by changing the loading conditions, and the typical characteristics
of the free-surface velocity curves at different strain rates were discussed. Results show that there is an exponential relationship
between spall strength and strain rate, and the spall strength obtained from the simulation has a good agreement with the
experimental data. On the micro-scale, the damage evolution in the spallation region was obtained by molecular dynamics
simulation conducted in the LAMMPS software, and the loading strain rate was consistent with that on the macro-scale. The
micro-scale simulation reveals the physical connotation of the typical characteristics of the macro-scale free-surface velocity
curve. Micro-scale analysis shows that spallation is the response of damage evolution of nucleation, growth, and aggregation of
voids. From the multi-scale perspective analysis, the typical characteristics on the free-surface velocity curve are closely related
to the damage evolution in the spallation area: the pullback signal is a macroscopic response of the void nucleation in the spall
area; the decline amplitude of the free-surface velocity curve reflects the void nucleation condition, and the spall strength
reflects the nucleation strength of the voids. What’s more, the velocity rises to the first peak beyond the minima after the
pullback signal reflects the rate of damage evolution. The multi-scale perspective analysis is helpful to fully understand the
physical mechanism of the spallation under planar-plate impact.

Keywords: planar plate impact; ductile metal; multi-scale simulation; free surface velocity curve
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Fig. 1 The principle of the flat plate impact experiment and a schematic diagram of a typical free-surface velocity curve
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Table 6 Parameters of planar plate impact simulations and results under various strain rates
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Fig. 4 Free surface velocity under various tensile strain rates at macro-scale
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Fig. 7 Pullback signal and the stress and void volume evolution in the MD model
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Fig. 8 Void evolution during Pullback signal duration At
5 —— 0.6 400 - —— 0.6
——Stress L —— Void number 'S1S2 S3
Al —— Void volume TN J0.5 3301 Void volume oo Ho.5
fraction E o g 300 + fraction | i g
I ! .— 1 1 .=
v 4104 © 1 ] _ S
£ R £ oo NP -
1 I I 1 1 I
7 o 103 € 2 200f L 103 &
£l i Z 0z il E
a bl Jo2 5 2 1507 i {02 =
L ! 5 [N 1 5
IS | SS > 100 ! i k\MM >
1 - 1 | 1 1 |
™ 4 0.1 HE q0.1
! } S 50 Nl
A 0 R 1S 0
0 0.5 1.0 1.5 0 0.5 1.0 1.5
Time/ps Time/ps
(a) Evolution of stress and void volume fraction (b) Evolution of void numbers and void volume fraction
9z AR AL 5 N e 2SR Y G 2R

Fig. 9 Relationship of the evolution of void volume with stress and void numbers

084202-10



541 4 ERRK, G ISR IR TEEUE 2R 2 RIS %8

10 BB 1 Az A1 ol
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Fig. 11 Void growing and coalescence during stage 2 and stage 3
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Fig. 12 Free surface velocity curve from spall signal Fig. 13 Relationship between spalling strength and rebound rate

FI by 1T 3 (] Bk il A AR A5G R AN AT 14 s o IR 14 ol DUA M, A b T R 0] ek < 5
RS R A TR MG, “F LR AR S P, T LA B AR = 2 A TR P S A A
7188 T A 2 B e 8 R A 3 T A

M9 v B Pullback 555 1 #1032 ] BT 1] B PN J2 28 DI A 5 0 PRSI I A1) B B, FRALLR
PR P TS A0, X 2 F 1A R [ Bk 447598 Al 2 TR AE FE RS B SE R o Kanel S50 B FREAE LR J7 1273

084202-11



o541 % ERRK, G ISR IR TEEUE 2R 2 RIS %8

B 1 ]k R ARG AL B R A SC R, AR T Z DR IE LG AR . 1A 15 45 1 TR R A AN [ i A R
IR IT AL D, AN TR R AT 54 A A B AN AT 16 R

4.0x10*
» Bounce rate
3.5x10% -2

3.0x10% - -
2.5x10* - 7

2.0x10* -7

1.5%10% -7

Bounce rate/s™!

1.0x10*
5.0x10° -

0 .
2x10* 3x10¢

4x10* 5x10*

Strain rate/s™!
14 S[RIRAdR AR SRR [ bR T 3R ] g ek 22

Fig. 14 Free surface bounce rate under various tensile strain rates
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