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Fig.1 Tungsten alloy penetrator (a) and initial microstructure (b)
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Fig.2 Residual mushroom-like-head penetrator (a) and optical

micrograph of cross-section (b)
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Fig.3 Deformation of W grains in the residual mushroom-like-
head of Fig.2b: (a) zone A, (b) zone B, and (c) zone C
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Fig.4 Microstructure of zone D in the ASB from Fig.2b (a) and
the EDX analysis (b)
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Table 1  Major parameters of Johnson-Cook model
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Fig.5 Penetration depths at different velocities
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Fig.6 Hole and residual penetrator at 852 m/s
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Fig.7 Deforming failure of the tungsten alloy long rod during
penetrating: (a) 30 s, (b) 60 ps, (c) 100 ps, and (d) 150 ps
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Fig.8 Equivalent plastic strain cloud of residual penetrator
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Fig.9 Equivalent stress vs time of element 1152

AR ARG, BT N T IGESE N, RIL R 77 it £k
ik B, IRk BIE(E . 55 3 BB, b T s A o
BRVEAZ I I R i A A e s A5 JR B A DX AsobA e 1 R
RRVIVATE P BUIVE I T EL AR S T A i
TURNE ) SR BRAR, ROSR B Hh 28 b B BB AT

3 &

1) mE 7 PR, 5E T sk i
3~4 mm i Bl A K2R SR B BB I AR T T O
S AR e RS AR RS SR S e, RBLE R
GF R EEVEAT Dy SRS CERESL T HTENZ) 1 mm AbEEE
W77 1 AR s BT DA, RS RIRL A I T
JE) 0L ) S A T AT RBCRAE 5 T AN P DR D6 T T A 7
AW 75k, BTN WORBRLAT W-W St _E
AWML A, MRS KA LR, REERE
ARG, RS ARAR D e AR AR v A

2) BUERIAS B AR A 78R | FlA s A A 3 FL TR
P LI AR, BT RS AR R Rk
HIA W T ORI« V& s A I RE o 3 “ B g ok
bR SR AR TR I R BB P RS, 1 R R D S R
B PR SR AL T R S A AR W R AR e i T AEPEAS TR



* 2174 -

WA ERMES TR

44 3

A L), “BEwE sk i Rk 3 BRI 1 AL Y
JREAAT e XA RS £ e AR AL RE T A £ B BT )
T AL o

S Ak
[1] Cui Jintai(#£ 4:%%). Acta Armamentarii(J% L 2%4R)[J], 1987, 4:
70

References

[2] Kim D S, Nernat N S, lIsaacs J B et al. Mechanics of
Materials[J], 1998, 28: 227

[3] Bose A, Couque H, Lankford J. In: Bose A, Dowding R J eds.
Tungsten and Tungsten Alloy 1992[C]. Princeton, NJ: MPIF,
1992: 291

[4] Bai Xinde([4#i4%), Jiang Zuozhong (Z1EH), Lin Wei(#k 15)
et al. Rare Metal Materials and Engineering(#%#H & @ # ¥l 5
T#2)[J], 2003, 32(6): 412

[5] Lee K H, Cha S I, Ryu H J et al. Materials Science and
Engineering A[J], 2007, 452-453: 55

[6] Greger M, Cizek L, Widomska M. Journal of Materials
Processing Technology[J], 2004, 157-158: 683

[7] Lui Guirong(XI#£5%), Wang Ling(£ ¥), Zhou Wuping(d &
*F) et al. Materials Science and Engineering of Powder
Metallurgy (b K46 4 #1KHRF2 5 TR ) [J3], 2009, 14(5): 295
[8] Huang Chenguang(¥% /&)%), Dong Yongxiang(# 7k %), Duan
Zhuping(B:#1°F) et al. Advances in Mechanics( /1 2%t fE)[J],
2003, 32(4): 463
[9] Fan Jinglian(Y& §3%), Liu Tao(X|l #), Cheng Huichao(/%4x
) et al. Rare Metal Materials and Engineering (5 4 J& 1
RS TAE)[J], 2006, 35(6): 841
[10] Bless S J, Tarcza K, Chau R et al. International Journal of
Impact Engineering[J], 2006, 33: 100

[11] Teng X, Wierzbicki T, Coouque H. Mechanics of Materials
[J], 2007, 39: 107

[12] zhigang W, Jilin Y, Shisheng H et al. International Journal
of Impact Engineering[J], 2000, 24: 747

[13] FanJ L, Huang B Y, Song M et al. Mechanics of Materials[J],
2010, 42: 24

[14] Lankford J, Anderson C E, Suzanne A et al. International

Journal of Impact Engineering[J], 1996, 18: 565

Failure Model and Numerical Simulation of the Tungsten Alloy
Long Rod when Piercing into Armor Target

Wang Meng?, Yang Mingchuan®, Rong Guang?, Huang Dewu®, Luo Rongmei*
(1. Shenyang Ligong University, Shenyang 110159, China)
(2. National Key Laboratory of Transient Physics, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: The purpose of the present work is to investigate the deformation failure behavior of tungsten alloy long rob penetrating into
armor target by metallographic analysis and numerical simulation. Microstructure evolution of the residual projectile was studied using
SEM and OM. The results show that mushroom-like-head of penetrator is formed during penetration due to severe plastic deformation, and
W grains in the mushroom are elongated heavily. An adiabatic shear band is observed perpendicular to the penetration direction in the front
mushroom about 1 mm, in which W grains seem dissolving due to local temperature rise, and micro-cracks are developed both in W grains
and W-W interface. Numerical simulation shows that the mushroom forms and falls off continuously during penetrating, so the long rob
becomes shorter for the erosion. Severe plastic deformation in the mushroom is similar to plastic flow, and the deformation localization
occurs mainly upon the both sides or the front of the mushroom.

Key words: perforation mechanics; failure model; deform localization; plastic flow; numerical simulation

Corresponding author: Wang Meng, Ph. D., Lecturer, College of Equipment Engineering, Shenyang Ligong University, Shenyang 110159,
P. R. China, Tel: 0086-24-24681246, E-mail: wangm2050@163.com



