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Fig.1 OM (a) and SEM (b) microstructures of the Ti-Mo-V

plates
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Fig.2  Macroscopic configuration of penetration crater for

effective protection specimen 1# and failed protection

specimen 2#
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Fig.3 Metallographic photographs of effective protection crater
penetrated vertically: (a) low magnification and (b) high

magnification
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Fig.4 Microstructure of effective protection crater (a) and EDS element line scanning along marked line (b)
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Fig.5 Adiabatic shear bands (ASBs) at white area of the effective protection crater: (a) ASBs on the left side of the crater; (b) ASBs on

the right side of the crater; (c) full view of the ASBs
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Fig.6 SEM images of adiabatic shear bands at effective protection crater: (a, b) ASBs on the impact center; (c, d) ASBs on the both sides

of the impact center
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Fig.7 Morphologies of cracks at the back surface of the effective protection crater: (a, b) characteristic cracks at low magnification;

(c) characteristic cracks at high magnification
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Direction of high-speed impact
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Fig.8 Metallographic photographs of failed protection crater: (a) full view of the crater; (b~d) typical microstructures at the different

positions of the crater
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Fig.9 Adiabatic shear bands of failed protection crater: (a, b) cross-section of the ASBs; (c) bifurcation of the ASBs
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Fig.10 Morphologies of cracks at the back surface of the failed protection crater: (a, b) macroscopic cracks; (c, d) microscopic cracks

Xt FEFELE 10 mm DL BERA & kRN S, 24
X AL ARORE AT v e s, AR e A A A X
WAoo 3y (1) FFYX s (2) FaE Mk
X, (3)rh 2y i i v Bl g )y 3 BAE b e AR
E D iy X8, AR B B A R S B ZE Y B LR
WA ROy, & 3a A& 8a s, ASHE
Uty ke KA P AR A B0 (8 mm), TR AR A
T A5 0 A H v T pp o AT A ST, 2 v o A A A
VIR R HE R XIMR . EE 5 FE 8 Hhn] L4y
BTN AT S B4 AT AE TE 1 A A b s 45 4 O Sl
Xk, HIWER 2 MIEEMNARITYIH: (1) Er
il b BSR4 s (2) A8 bk A0 PR b it
J7 L5 450 A o 2R SRR ST Ti-6A1-4V A 4T
S RO A 2R A0 5 45 A AT WE FTRE O 52 2
R R, WM 527177 1R 5 45 77 A () BY J)
JIME K, AREIYIH 5 4G B ) J1 8 K07 it AT 8
& JEAR . AR ICIR 4 BB ) A SR Y R B S T e
i U7 A ABHEAR A8 RGBT Y] A — B, phy Ao
[X 35k 7= A= 0 v Pk U R) 45 SHE e A BB D) A L GE
e, BRI IOIR 4 348 Uy . sl 6 & 9 P,
A BT ) N H R B R KA, A TS B
P12k . BT WAL Z S F Bl S A d4 ek 8] AR FE AN
P, XA 518 T8 R 22 gl A S LA AN B R S T
A, AT, BT AL R R e
A L KRR AR 7 47 2 25 2 i PR 4,

3 & it

1) Xt EEE N 8 mm [ HT Y Ti-Mo-V & a+p BUAHEK
B S AT mE b AR, W s S, B
ALY AR S BB B4 XI5 .

2) AN LR N A AR AR AR R X AR A BT 9
FAAEZE S I E B DR o v el o o R v A AL AR RN
2 BRARKRAA B 4 1 R ol Ak A Bl 05510 5 mT L
YRR IR 2 ok 42 49 47 A

3) Mhili B A AL T A BT Ny, A TE
A T ok 453 4 07 A 0 B A DX 3k, G A A T R
G (1) EPPd a0 2R ICR s (2) 1E
i 4505 FAL R o P Oy M 2 R 4590 A . 4 i
BN R R AR B 37 R R R A

S E 3k

[1] Ren Qinghua(fE X 4), Zhang Lijun(3KF %), Xue Xiangyi(#¥#
¥ ) et al. World Nonferrous Metals(it #4554 J&)[J], 2017,
10(2): 1

[2] Zheng Chao(#§ #), Wang Fuchi(E & Hit), Cheng Xingwang
(FE£4HE) et al. The Chinese Journal of Nonferrous Metals(
[ 04 8 %3] [J], 2013, 23(S1): 545

[3] Li G A, Zhen L, Lin C et al. Materials Science and Engineering
A[J], 2005, 395: 98

[4] Miao Cheng(® s&), Liu Jiangnan(XJ{L75), Zhong Tao(%h )

References


https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2018&filename=COLO201720001&v=J%25mmd2FqsQ66UDGukd67WtPCr%25mmd2BNIDnsqeC9tZTiIf%25mmd2FctDpS7xgLqPq6FqZgzV3UlR%25mmd2BOy4
http://wf.scstl.org/D/Conference_8313439.aspx
https://www.sciencedirect.com/science/article/abs/pii/S0921509304014492
https://www.sciencedirect.com/science/article/abs/pii/S0921509304014492
https://www.sciencedirect.com/science/article/abs/pii/S0921509304014492

%2 W

REMAE: B ot SR A S R P i AT 9T 52

* 621 -

et al. Ordnance Material Science and Engineering (% %% 1 %}
Rl 2 5 TFE)[J], 2012, 35(5): 68

[5] Zheng Chao(#B #), Zhu Xiurong(4%757%), Xin Haiying (3=
J&) et al. Rare Metal Materials and Engineering (5 4 J& #4
5 TRE)[J], 2019, 48(1): 243

[6] Sun Gengchen(#) B JZ), Dong Jiaxiang(#& % #), Zhang
Zhishen(7k LK) et al. Acta Armamentarii($% T. 23R )[J],
1993, 4: 75

[7] Zhai Jing(Z ), Xin Wenjun({g 3C &), Guo Anzhen(35 % 1)
et al. Ordnance Material Science and Engineering (% % #1 %}
Rl 5 T FE)[J], 2014, 37(5): 106

[8] Hu Jiarong (i % %), Tao Chunhu(Fi# j%), Wu Guanhua( 4 i
#£) et al. Failure Analysis and Prevention(%: %4> #7 5 B
¥)[J], 2017, 12(6): 392

[9] Zhang Jing, Tan Chengwen, Ren Yu et al. Trans Nonferrous

Met Soc China[J], 2011, 21: 2396

[10] Zhou Wei(Jd f§), Ge Peng(%& M¥), Xin Haiying(ZF ## ) et
al. Rare Metal Materials and Engineering(#4 4 )& 51kl 5
TH)[J], 2013, 42(4): 781

[11] Chen Li(B& 5r), Li Yongchi(Z=7kith), Wang Lili(F*L37).
Explosion and Shock Waves(# 5 ii)[J], 1994, 14(3):
217

[12] Li Jinquan(Z=4: &), Huang Dewu(E 7 1), Duan Zhangiang
(Bt & 58) et al. Acta Armamentarii (&% 1 2#3)%)[J], 2005, 26(1):
61

[13] Li Shuhua(Z=i#4E), Shen Dawei(ik Ak ), Sun Kai(#h Hl) et
al. Rare Metal Materials and Engineering(#4 4 )&kl 5
TH)[J], 2013, 42(8): 1073

[14] Lee Donggeun, Lee Youhwan, Lee Sunghak et al. Metallurg-
ical and Materials Transactions A[J], 2004, 35(11): 3103

High-Speed Impact Damaging Behavior of Equiaxed New-Type a+# Dual-Phase
Titanium Alloy Plates

Wu Jingyi'?, Yang Liu™?, Dai Guanglin®, Liu Xin"?, Cai Xiaowen™?, Wang Ying"?
(1. State Key Laboratory of Vanadium and Titanium Resources Comprehensive Utilization, Pangang Group Research Institute Co., Ltd,
Panzhihua 617000, China)
(2. Chengdu Advanced Metal Materials Industrial Technology Research Institute Co., Ltd, Chengdu 610300, China)
(3. Jiangyou Branch, Panzhihua Titanium Material Co., Ltd, Pangang Group, Jiangyou 621701, China)

Abstract: A series of high-speed impact tests, with 7.5 mm projectiles, were performed on new-type Ti-Mo-V based a+f dual-phase
titanium alloy with equiaxed grains. The penetration damage was analyzed by optical microscope and scanning electron microscope. The
results show that there is no obvious zoning phenomenon in the macro crater whether the plates are perforated or not. At the impact point,
the change of the projectile penetration angle results in the change of the penetration shape. The protective property of the plates will
decrease when the projectile penetrates obliquely, and the asymmetric shape crater can be seen by side-cutting along the central axis of the
crater. There are two kinds of adiabatic shear bands which are distributed in the center and two sides of the impact crater: (1) semi-arc
distribution in the center of the impact crater; (2) on both sides of the crater center, the distribution is about 45 “along the direction of
penetration. The maximum shear stress is in the direction of 45< and the adiabatic shear band is easy to expand and extend along the
direction of the maximum shear stress. The connection and growth of the micro-hole and the micro-crack are the main reason for the failure
of the protection.

Key words: titanium alloy; high-speed impact injury; adiabatic shear bands; protective property
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