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Fig.1 Quasi-static true stress-true strain curve of material
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Table 1 Constitutive parameters of different materials

Parameter Tungsten W-Ni-Fel**!  Brass  45#
plgcm’™ 19.3 17.6 8.45 7.85
E/GPa 410 410 100 210
v 0.28 0.28 032 0.22
CJll kgt K* 134 134 385 477
A/MPa 1700 1510 112 350
B/MPa 650 177 505 275
n 0.12 0.008 0.42 0.36
C 0.016 0.016 0.009 0.022

m 1 1 1.68 1
TulK 1752 1752 1189 1811

Note: E-elastic modulus; v-Poisson’s ratio; C,-specific heat

capacity; Tm-melting temperature
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Table 2 Equation of state and failure model parameters for

different materials

Material Co S: 70 a D;
Tungsten 3850  1.44 158 0 1.32
W-Ni-Fel*¥] 3850 1.24 1.58 0 1.5
Brass 3726 1.434  2.04 0 3
45# 4569 1.332 2.17 0.47 25
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Fig.5 Typical moment equivalent stress diagrams of Wf/Cu-

Zn composite at 1.5 ps (a) and 6 ps (b)
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Fig.6 Equivalent stress diagrams of tungsten wire (a) and

brass (b) of Wf/Cu-Zn composite at 6 ps

Ta NS G SAETTHIH BN 1.5 us I A9SERL
NI, AN FRAR ML B AT, SR RN A SR A
MRS B Th NSRS ST I BN 6 us I
(ISR RN ST B, SR Ty o A ¥ ), SR AN SR
DXIsk, R AR /N T4 22 0 SRR £ B S AR
2.2.2 MmN

TPt B a e, AR TIRMIB B, &l 8a NEY
LR G MRME =36 ps B AR B, sk
SR ILGAEBTVIN AR [ aEdT, TR T AR Bk
i, HRSkE D R A T E R AR . A AL N
T A ALY, Sk GRS 2 N R

Kl 8b NG LZ I R B B S MEHE 1=126 s I
55 RN 77 B, R Sk BRI G AR R AN L R v 4k 2L 1A
Ja AT, JFRAEBIR, WME R VvV TR K
o WG LERMSRE G 8, AR RE
gk ss, B9 22 Gerh 5 BRI S RN Ay, 25 s 14
“ZAPEESRMAKER 455, LK% 1N 7 AL
N 1.2 GPa fifi. fE ASYMBIYI JIME N 8 42 )
PRAUAERIR B B Sk W00 G4 22 UK
WA 2 o AR B 1 4t 7E BE B 1R 0 R 1
17, AW Ha s v



1300 -

Wit @A RS TR

#52%

GPa

1.100e-02 _
9.899e-03 _

8.799¢-03 _
7.699¢-03 _
6.599¢-03 _

5.499¢-03 _

1l
s
HE
i
l
T

1 ‘Eér" ,.L T 4

i U
T

Bl 7  ARERER G S AETT U B B S 2 I 20 (4 45 25087 ) 18
Fig.7 Typical moment equivalent stress diagrams of W-Ni-Fe

at 1.5 ps (a) and 6 ps (b) during hole opening stage
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Fig.8 Typical moment equivalent stress diagrams of Wf/Cu-
Zn composite at 36 us (a) and 126 ps (b) during the

penetration process
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at 36 us (a) and 126 ps (b) during the penetration
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Fig.10 Cell selection positions of Wf/Cu-Zn composite (a)
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center, 4: core edge, 5: core center)
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Numerical Simulation of Penetration Process of Tungsten Wire Reinforced
Copper-Zinc Composites

Jiang Tao®, Hu Zhiyu'?, Gao Xueyun*?, Wang Haiyan'?, Sun Wenbin®
(1. School of Materials and Metallurgy, Inner Mongolia University of Science and Technology, Baotou 014010, China)
(2. Collaborative Innovation Center of Integrated Exploitation of Bayan Obo Multi-Metal Resources, Baotou 014010, China)
(3. School of Science, Inner Mongolia University of Science and Technology, Baotou 014010, China)

Abstract: Based on the Johnson-Cook model and Gruneisen equation of state, a finite element analysis model was established, and
the LS-DYNA software was used to carry out numerical simulation research on the penetration process of tungsten wire reinforced
copper-zinc composite materials and tungsten-nickel-iron alloys into steel targets. The deformation of each stage in the tungsten
wire was discussed, and the influence of the anisotropy of the tungsten wire on the penetration performance was discussed. The
results show that the tungsten wire reinforced copper-zinc composite exhibits obvious self-sharpening phenomenon, which is
consistent with the experimental results. During the penetration process, the stress is mainly concentrated on the axial tungsten
wire, the stress value reaches 2.5 GPa, and the stress of Cu-Zn alloy is less than 0.47 GPa. The deformation mode is as follows:
tungsten wire is bent after contracting the target plate. And the forced direction of the tungsten wire has changed to a certain angle
with the axial direction. The strength and plasticity of the composite are significantly reduced at this direction. With the destroy of
deformation areas, a sharp head of the composite penetrator is formed under the action of shear stress, which shows the
characteristics of self-sharpening.

Key words: tungsten wire reinforced copper-zinc composite; penetration; numerical simulation; anisotropy

Corresponding author: Hu Zhiyu, Ph. D., Lecturer, School of Materials and Metallurgy, Inner Mongolia University of Science and
Technology, Baotou 014010, P. R. China, E-mail: hzy896@imust.edu.cn


https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD2009&filename=BZCJ200904003&uniplatform=NZKPT&v=6xkUiWKufe3g3144JWIZd2C6Rq9NnYNjcc_rJYdPjeSuKCQfngv2iy0olvGqVl_H
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD2009&filename=BZCJ200904003&uniplatform=NZKPT&v=6xkUiWKufe3g3144JWIZd2C6Rq9NnYNjcc_rJYdPjeSuKCQfngv2iy0olvGqVl_H
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD2009&filename=BZCJ200904003&uniplatform=NZKPT&v=6xkUiWKufe3g3144JWIZd2C6Rq9NnYNjcc_rJYdPjeSuKCQfngv2iy0olvGqVl_H
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2021&filename=CUXI202106024&uniplatform=NZKPT&v=m1KH4Pp6qwgSIU2ZM-fHv4TXqdupMuCcBzL-79-kIBhO-FIkJ_yKlXz4b4EbIaNP
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2021&filename=CUXI202106024&uniplatform=NZKPT&v=m1KH4Pp6qwgSIU2ZM-fHv4TXqdupMuCcBzL-79-kIBhO-FIkJ_yKlXz4b4EbIaNP
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2021&filename=CUXI202106024&uniplatform=NZKPT&v=m1KH4Pp6qwgSIU2ZM-fHv4TXqdupMuCcBzL-79-kIBhO-FIkJ_yKlXz4b4EbIaNP
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFD2014&filename=SYLX201403004&uniplatform=NZKPT&v=1ulgatlNpGLMBefHUpnq5D8Uqhq1oHQ7gO83fLTq-rqnr6wuVt6qwNq-D6mpxIN2
http://www.rmme.ac.cn/rmme/ch/reader/view_abstract.aspx?flag=1&file_no=20140517&journal_id=rmme
http://www.rmme.ac.cn/rmme/ch/reader/view_abstract.aspx?flag=1&file_no=20140517&journal_id=rmme
http://www.rmme.ac.cn/rmme/ch/reader/view_abstract.aspx?flag=1&file_no=20140517&journal_id=rmme
http://www.rmme.ac.cn/rmme/ch/reader/view_abstract.aspx?flag=1&file_no=20150315&journal_id=rmme
http://www.rmme.ac.cn/rmme/ch/reader/view_abstract.aspx?flag=1&file_no=20150822&journal_id=rmme
https://sciencedirect.53yu.com/science/article/abs/pii/S0925838819315816
https://sciencedirect.53yu.com/science/article/abs/pii/S0925838819315816
https://sciencedirect.53yu.com/science/article/abs/pii/S0925838819315816
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2021&filename=BCKG202104015&uniplatform=NZKPT&v=Vmmktsd13odTkHZfMMtayv_XKMClKwcvaL9HzgqJOes1Lu4vyZGG7VMGuvZ0iJRf
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2021&filename=BCKG202104015&uniplatform=NZKPT&v=Vmmktsd13odTkHZfMMtayv_XKMClKwcvaL9HzgqJOes1Lu4vyZGG7VMGuvZ0iJRf
https://sciencedirect.53yu.com/science/article/abs/pii/S0734743X1500161X
https://sciencedirect.53yu.com/science/article/abs/pii/S0734743X1500161X

