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Fig.2 Dimension of the penetrator
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Fig.3 Cross-section of different diameters of W fiber/Zr based

BMG composites
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Fig.4 Picture of the target
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Fig.5 Crater cross-sections of 93W: (a) 3#, (b) 4#, (c) 5#, and (d) 6#
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Fig.6 Crater cross-sections of @1.0 mm W fiber/Zr based BMG composite: (a) 7#, (b) 8#, (c) 9#, and (d) 10#
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Fig.7 Crater cross-sections of @0.7 mm W fiber/Zr based BMG composite: (a) 11#, (b) 12#, (c) 13#, and (d) 14#
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Fig.8 Crater cross-sections of ©0.5 mm W fiber/Zr based BMG composite: (a) 15#, (b) 16#, (c) 17#, and (d) 18#
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Fig.9 Crater cross-sections of ©0.3 mm W fiber/Zr based BMG composite: (a) 19#, (b) 20#, (c) 21#, and (d) 22#
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Table 1 Contrastive results of different penetrators

Penetrator No. Diameter of W fiber/mm Material Mass of bullet/g Mass of propellant/g Penetration depth/mm
3t - 93w 118 155 44
44 - 93W 118 155 36
5# - 93W 118 155 44
6# - 93W 117 155 40
T# 1.0 Composite 113 155 48
8# 1.0 Composite 109 155 32
o# 1.0 Composite 109 155 47
10# 1.0 Composite 113 155 31
11# 0.7 Composite 115 155 27
12# 0.7 Composite 114 155 25
13# 0.7 Composite 116 155 55
144# 0.7 Composite 117 155 43
15# 0.5 Composite 113 155 43
16# 0.5 Composite 113 155 40
17# 0.5 Composite 115 155 45
18# 0.5 Composite 116 155 49
19# 0.3 Composite 118 155 39
20# 0.3 Composite 118 155 41
21# 0.3 Composite 118 155 46
22# 0.3 Composite 116 155 17
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Fig.11 Bottom of @0.7 mm W/Zr-based composite (a), 93W crater (b), and picture from Ref.[7] (c)

SE, WOURE, RMTREMZEAN K. M08 L2 82 TE b
HEMBAERIE R A RIRFEE, A4 ©0.5 mm 45
L2 B AR i B G MR ORI RS E R A R B, e
WA o R SRR S BOR . R AR, BERh SR LA,
B 22 B H AR B A MR R AR E PR IR A s
o WLV IAR S R A ARSI R R L R R R
O AFAE TR ) HE S i L g, HARMIE R AR
BRI FvAREARRA, HAEFRGTHI i 3
BRIN: (L) LR IR W EARTT R AE W (2D
FOLHAAY S, MBI (3) HGTEE A R W]
s (4) PGS KB

R AARA R A (1) SRR
ANIE, [R5 FUREREA B (0 T2 KRB, AR oy 3
A R 20 R A LU A A 1R (R S FE R B, [
EATELHRLR LIRS P b &1, 45473 T A B 1)
MK, EREEMEFERENSER, (2) W22/8xE
FEREEMEME A& W MR, R T 245 1
ERPUIE S AT MET 1, AR b BT AR R B
B oy KRB ZORVES i, U LA SUR RARE h A BE R
fr B HARENLE, R 2 iE AR BT A B, 12
W3 2 R A . o ORI B AN 515 R
(3D FEM IR BL T, ol 7 25 B0 el v [ oA AT R A
mn e, AR S e i bea BT B IR RE
T2 LIRS 2 B B AR ST, W 9e, T ELIX AR
Joe il P52 Tt 550 AL A ST AR T 0, AR e A B RE
KRR FRAR A 2 F T (1 485 & o 2 A U AR WL, 3t i
S SR S .

3 &% it
1) BEH LA B L BRI N, Ak

OB T AR B 2T e R sh A B R 8 3BT D)
W UL B 2 g B0 RT3 A 22 R A 5 3

2) REMERIWIR Ty 2052 B 55 A W 2T 4E B AZ
S A AR MR . MR PEREL Sy o R ALEY
EHLELE . KARECA R 200 BERRCRAE . B A E
SR AR . AR RERE . A AL R
P TEFKMEAZ RS mE R A BB &
TP ST, A RemKEE, o RIES AR EMEHE
REAL A VERE, XEADRLAIT 7 AN 5800 BT # B S 0
Zh1EH

e

[1] Conner R D, Dandliker R B, Scruggs V et al. Int J Impact
Eng[J], 2000, 24(5): 435

[2] Choi-Yim H, Conner R D, Szuecs F et al. Scripta Mater[J],
2011, 45(9): 1039

[3] Li Jicheng(Z=4k ), Chen Xiaowei([% /N fF). Advances in
Mechanics( /7% J&)[J], 2011, 41(5): 480

[4] Qiu Kegiang( Bf . 5% ), Wang Aimin( £ % &), Zhang
Haifeng(5K 7 %) et al. Acta Metallurgica Sinica(&: /& #)[J],
2002, 38(10): 1091

[5] Deng S T, Diao H, Chen Y L et al. Scripta Materialia[J], 2011,
64(1): 85

[6] Chen Xiaowei([%: /)M ), Li Jicheng(Z=4#% %), Zhang Fangju(5k
772%) et al. Explosion and Shock Waves(#& ¥F 5 o d7)[J],
2012, 32(4): 346

[7] Rong Guang(3% Jt), Huang Dewu(##%i). Explosion and
Shock Waves(J%& 4 5 7 )[J]. 2009, 29(4): 351

[8] Duzhonghua(#t f&4£), Du Chengxin(# 5% 3%), Zhu Zhengwang
(4 IERE) et al. Rare Metal Materials and Engineering (% & £

References



%4 MREESE: 2 BN R AR g TR RERI R + 1085 ¢

J&# K5 TFE)[I], 2016, 45(9): 2359 (X124 f8) et al. Ordnance Material Science and Engineering
[9] Zhang Bo(ik %), Fu Huameng({-} ##), Zhu Zhengwang(2k (Fede bt LBl 5 T R2)[J], 2014, 37(3): 80

1ERE) et al. Acta Metallurgica Sinica(4: )& 2% 1#)[J], 2013, [12] Zhu Zheming(4 ¥ BH), Wang Yuan(¥E JT), Zhou Zhangtao

49(10): 1191 (8 #3%) et al. Journal of Sichuan University (/4 )I] K22
[10] Wang Meiling(T3%¥), Yang Bin(# #). Transactions of #)[J], 2008, 40(5): 13

Materials and Heat Treatment(#4 &} #Ab# 22 4%)[J], 2012, [13] Zhang Zhenya(5k #& 1), Duan Zhong(B ), Zhou Fenghua

33(10): 7 (J& X 4£). Chinese Journal of Theoretical and Applied
[11] Wu Qunbiao(R %), Shen Peihui(JL 35 #%), Liu Rongzhong Mechanics( /724 23 [J], 2013, 45(5): 729

Effect of Tungsten Fiber Diameter on Penetration Ability of Zr-based Metallic Glass
Composites

Du Chengxin !, Du Zhonghua !, Zhu Zhengwang ?
(1. Nanjing University of Science and Technology, Nanjing 210094, China)
(2. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: Penetration experiments were conducted for Zr-based metallic glass composites containing tungsten fibers with different
diameters of 0.3, 0.5, 0.7, 1.0 mm to perforate homogeneous armor steel at velocity of (1270240) m/s. Meanwhile their characteristics and
depths of penetration were compared with those of tungsten alloy. Results demonstrate that under the same preparation condition, the
diameter of the tungsten fiber is a critical parameter for penetration ability. Firstly, the curve of the diameter of the tungsten with the
penetration depth is convex when it perforates ideally and the composite containing 0.7 mm tungsten fiber obtains the maximum
penetration depth of 55 mm which is increased by 25% compared with that of tungsten alloy because the failure mode is adiabatic shear
failure during the penetration similar to that of the depleted uranium alloy exhibiting a crater of 90 °at bottom. Secondly, the diameter of
tungsten fiber influences the failure mode of the head of the composites significantly. With the increasing of the tungsten fiber diameter,
the failure mode ranges from a composite failure mode that includes deformation, splitting, bending and crack to adiabatic shear failure
and then it turns to composite failure mode again.

Key words: tungsten fiber diameter; Zr-based metallic glass composites; penetration; adiabatic shear
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