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(b) Simulation model

Schematics of experimental device and simulation

1 SnF0AlH SG K&

Table 1 The material parameters in SG constitutive relation for Sn and Al

! G/GPa Y/GPa  Y,,/GPa B n Gy Gp/MPa-KTH Y Tmo/K
Sn 17.9 0.16 022 2000 0.06 155 3795 00139 656.6
Al 286 026 0.76 310 0.185 1.86 -17.62 00169 1220

2 Sn 70 Al () Mie-Griineisen R3S 5 IE2S 5

Table 2 The material parameters in Mie-Griineisen equation of state for Sn and Al

B po/(g-cm™) co/(m-s7h) S Y
Sn 7.287 2590 1.49 2.27
Al 2.785 5328 1.338 2.0
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Table 3 The parameters in JWL equation of state for high explosive

pe/(g-cm™) D/(m-s7!) pe/GPa A/GPa B/GPa Ry Ry w e./(GJ-m™)

1.85 8710 34.4 824.8 7.06 43 0.79 0.28 10.2
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Fig.2 Pressure distribution in the Sn specimen when the shock ~ Fig. 3  Evolution of pressure distribution along the central axis
wave arriving at the free surface of the Sn specimen
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Fig. 4 Evolutions of pressure and velocity at the centre of the Sn specimen
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Fig. 5 Evolution of pressure and velocity at different sites along the central axis of the Sn specimen
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Fig. 6 Comparisons of fragment distributions between simulation results and experimental results™ for the tin specimens with
different thicknesses under explosive loading

042101-5



539 % L LI 541

I . MOh, SR R e R 2 BLREHIL O A 4 R4 ARLEBANAREREHREBERRE
A, TR L5 38 R 45 R I TR E , 30 i (R T B 52 Table 4 Free-surface velocities by different methods for

BRI B BEALMEFUR B0 . 2B TR the tin specimens with different thicknesses
52, e 0 2 T B U 0.0 mm, Tiisgbs  PHAMImm DPSMbanes ) 3SR s )
Tl 1 ORI 1K ) WOK £ 4, DR AR5 2R b 1y B4 40 190 193
IrBUZE R AR R — D i ity . gk — 40 :Z :: 1:

SR 22 3 ] DL & 3 AR X, L 6 mm
JE BB RE S R, WL 6(f), Horh A Sy RO R (32 5) X5 B M ASRR B () X5 C b2 M B i
(EF) X WT 4 mm JERBEEN, A X EIEEEZRIMEL B X, MEEENHEK, A XZE L, If
5 B XA TSR, Rl C XK.

AN T JBE B R B it o il B IS TAT 0.5 oo Ak ) B BSF V) D 2 DL BT 7 p TR 7 T AL, YR R A

SRR, SR E i s 22 ] P A S I A B 1400

150 o T I (ELARL B 1 2 T 2 S i D 3 12001

FE AR T S BB ETh (A ph T 0 B PR o

S, DN LTRSS . TR, 4 mm JSE g B R = | L =6 mm

SRR I Rk B2 R, I 5 2 ol W ot e

B PR . R S B0 3 0 D B

50 28 I, 5% R 028 117 19 A A1 D B i T < ol
RS F WARFE TE R PRI, B VR I, Time/gs

ARSR R M, S 2 O B A A RS 1S TR — B 2R B 7 ORI R EE B AL i RS T 0.5 mm 4k
7 JEE 35 s it £ PR 3030 2 37 L 8, 6 AT I S A L

I B FEE R T, 4 mm B RYRE S 7E L2 Fig.7 The \./elocity ?VOll.ltiOI’l atxOfO.S mm in the Sn

O ARG I 5 6 rmm JEE 4R 5 7 7 #  J — P specimens with different thicknesses

BOPRE AR X 5 T 8 mm J5E AR AR XS, ELAE G O il B SRR . T DL R A S BE S iﬂ
A A SIS 4 902 F) 532 W 344 56, ) F S S5 40 90 o I 2 2 e T sk 72 538, G 0 0 ARG X i) PSR R 3
WAl g REIE 6(f) o AL B C DXUS7E AN [7] 52 2 B R il v 0y L L2 R ol TS S B i 1 TEEHEMWF
DI, e Dl B b DS SRR R D9 A SRR B AR AR I G 2 2, IR R AR . b TR AR
BB 03045 (8] 2), #8725 P S i o 32 & X S R HETE

(a) =4 mm (b) =6 mm
Velocity/(m-s™) Velocity/(m-s™)

(c) =8 mm
Velocity/(m-s™")

B8 LHRIF 6.4 s I ZIANIR] S Sn b fh PR 50 A1

Fig. 8 Velocity distributions in the Sn specimens with different thicknesses at 6.4 ps after detonation
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Numerical simulation on spallation and fragmentation of tin
under explosive loading

HE Nianfeng, REN Guowu, CHEN Yongtao, GUO Zhaoliang
(Institute of Fluid Physics, China Academy of Engineering Physics, Mianyang 621999, Sichuan, China)

Abstract: Spallation and fragmentation of tin, a low-melting point metal under explosive loading were
numerically simulated. The numerical method and material model used were validated by the experimental
results. Thereby, the temporal evolution and spatial distribution of the physical quantities in the Sn
specimens were compared to explore the interaction between the stress waves and the material in the
specimen under impact loading and unloading. Furthermore, the dynamic behaviors of the specimens with
various thicknesses under explosive loading were in-depth analyzed to further understand the evolution
mechanism of the spallation and fragmentation under the combination action of the reflective rarefaction
wave from the free surface, the lateral rarefaction wave and the incident rarefaction wave. The results show
that for the thin specimen, the early spallation and fragmentation are dominated by the reflective rarefaction
wave. With increasing the thickness of the specimen, the region dominated by the reflective rarefaction wave
becomes smaller, and meanwhile the region dominated by the incident rarefaction wave and the lateral
rarefaction wave becomes larger.
Keywords: explosive loading; tin; spallation and fragmentation; stress wave; evolution mechanism
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