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Table1 Chemical composition of Ti6321 titanium alloy (/%)

Al Nb Zr Mo Ti
6.0 3.0 2.0 1.0 Bal.
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Table 2 Heat treatment and microstructure

Heat treatment process Microstructure
800 C/1 h, AC
960 ‘C/1 h, AC

1030 ‘C/1 h, AC

Equiaxed structure
Bimodal structure
Widmanstatten structure
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Fig.1 Size of the sample (mm)

T, H KB L=80 mm, B&FE S=64 mm, i
W=16 mm, JEFE B=8 mm, KM HE ©0.12 mm [f14H
TERFE LI AT YIE], AE TR E, T4
KN a=8 mm.
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Fig.2 Three dimensional experimental model of dynamic fracture

toughness of mode | crack
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Table 3 Dynamic fracture toughness test results of mode | crack

Crack Fracture Kio (average
Pressure/MPainitiation toughness, 1D 9

Structure
time/us Kip/MPa m¥2 Value)/MPa m2

_ 49 22051
Eﬂ‘dﬁﬁfg 0.55 52 236.18 228.27

52 228.17

_ 54 281.72
Simodal 0.55 60 32024 300.79

60 311.41

_ 63 418.80
Widmanstatten 0.55 68 450.56 442.49

structure
69 458.10
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Fig.3 Laser scanned 2D images of the fracture of Ti6321 titanium alloy: (a) equiaxed structure, (b) bimodal structure, and (c) Widmanstatten structure
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Fig.4  Fracture height distribution of three structures of Ti6321 titanium alloy: (a) equiaxed structure, (b) bimodal structure, and

(c) Widmanstatten structure
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Table 4 Average specific surface area of section of Ti6321

titanium alloy with three structures

Structure Average specific surface area
Equiaxed structure 1.328
Bimodal structure 1.467
Widmanstatten structure 2.136
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Fig.5 Macroscopic fracture morphologies of mode | crack of Ti6321 titanium alloy: (a) equiaxed structure, (b) bimodal structure, and

(c) Widmanstatten structure
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Fig.6 Microstructures of fracture of Ti6321 titanium alloy: (a) equiaxed structure, (b) bimodal structure, and (c) Widmanstatten structure
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Fig.7 Microscopic fracture morphologies of mode | crack of Ti6321 titanium alloy with equiaxed structure (a-c) and bimodal structure (d-f):

(a) equiaxed dimple, (b) equiaxed dimple and tearing edge, (c) secondary crack, (d) equiaxed dimple, (e) tearing edge, and (f) secondary crack
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Fig.8 Microscopic fracture morphologies of mode | crack of Ti6321 titanium alloy with Widmanstatten structure: (a) cleavage surface,

(b) dimples on cleavage plane, (c) dimple and tearing edge, and (d) secondary crack

3 = B 442.49 MPa-m'?, M1 3 A SR KA S BB EL )
=7 Vhfmem, SESHLL, ARSI MR R K.
2) f£ | BAREURBLRMET, 3 AL 12 W 4D
RMBYIE SR XA, WO B S

1) SEIG-BUEEIE 3 APl Tie321 £k &4 | 7Y
Mo w RS A 22827 . 300.79 .



* 958 -

L E A e

52 3%

MASHREEZR UKD IWIE AT, LHERR;
PR S LA B 1R AN 22 1) IR EREL, i AT 70 i
H W RURFAL -

3) SERhAH LRI I B, HOERTIA RN WS
U BRHALM D RpRERER, WRIRER, 2
oy EwEEARTE LR R, RULB R YRR

SE 3

[1] Zhao Yongqing(#X 7k FX). Materials China( = [E 44 83t &)[J],
2010, 29(5): 1

[2]1 Yu Yu(F %), Li Jiagi(Z=33#). Materials Development and
Application(# ¥ & 5 M F)[J], 2018, 33(3): 111

[3] Xiong J H, Li S K, Gao F Y et al. Materials Science and
Engineering A[J], 2015, 640: 419

[4] Xu Xuefeng(f%25 &), Wang Lin(F k), Cheng Xingwang(F£%
HE) et al. Acta Armamentarii (f& T.2%#)[J], 2020, 41(7): 1401

[5] Kumar R S. Engineering Fracture Mechanics[J], 2021, 248:
107 699

References

[6] Coules H E. International Journal of Pressure Vessels and
Piping[J], 2018, 162: 98

[7] Fu Yanyan({##), Song Yueqing(5R %), Hui Songxiao(Z 4
%) et al. Rare Metal Materials and Engineering (% <@ 44k}
5 TFE)[3], 2009, 38(1): 92

[8] Liu Y, Lim S C V, Chen D et al. Journal of Materials Science &
Technology[J], 2022, 97: 101
[9] Christophe B, Julitte H, Nathalie G et al. Materials Science and
Engineering A[J], 2014, 618: 546

[10] shi X H, Zeng W D, Zhao Q Y. Materials Science and
Engineering A[J], 2015, 636: 543

[11] Shi X H, Zeng W D, Shi C L et al. Journal of Alloys and
Compounds[J], 2015, 632: 748

[12] Ren J Q, Wang Q, Zhang B B et al. Intermetallics[J], 2021, 130:
107 058

[13] Wang Q, Ren J Q, Wu Y K et al. Journal of Alloys and
Compounds[J], 2019, 789: 249

[14] Zhou D D, Zeng W D, Xu J W et al. Materials
Characterization[J], 2019, 151: 103

[15] Yang Yingli(#J£RH), Su Hangbiao(75#i#%), Guo Dizi(353k 1)
et al. The Chinese Journal of Nonferrous Metals( [H 4 2.4 )&
Z4R)[J], 2010, 20: 1002

[16] Ning Zixuan(7* T %F), Wang Lin(F #k), Cheng Xingwang(f£ %
FE) et al. Acta Armamentarii(fs T.223%)[J], 2021, 42(4): 862

[17] Hall I W, Hammond C. Materials Science and Engineering A[J],
1978, 32(3): 241

[18] Niinomi M, Kobayashi T, Sasaki N. Materials Science and
Engineering A[J], 1988, 100: 45

Research on Dynamic Fracture Behavior of Ti6321 Titanium Alloy

Li Yanxing®, Zhou Zhe', Wang Lin*??, Cheng Huanwu? Cheng Xingwang™?
(1. School of Materials Science and Engineering, Beijing Institute of Technology, Beijing 100081, China)
(2. National Key Laboratory of Science and Technology on Materials in Impact Environment, Beijing 100081, China)

(3. State Key Laboratory of Explosion Science and Technology, Beijing 100081, China)

Abstract: The dynamic three-point bending loading was carried out on Ti6321 titanium alloy to cause mode | (open type) fracture and obtain the
waveform curve. Combined with the experimental & numerical method, the mode | crack dynamic fracture properties of Ti6321 titanium alloy
with three structures were obtained. The fracture surface morphologies of three kinds of Ti6321 titanium alloys were observed and analyzed by
SEM and confocal laser scanning microscope (CLSM). The results show that the Widmanstatten structure has the highest dynamic fracture
performance of mode | crack, followed by the bimodal structure, and the equiaxed structure has the lowest dynamic fracture performance. For
mode | crack fracture, equiaxed structure and bimodal structure are mainly ductile fracture mechanism, while Widmanstatten structure has the
characteristics of partial cleavage fracture. The Widmanstatten structure has the best fracture performance. Because of the largest fluctuation of
fracture and the largest specific surface area, the crack propagation needs more energy.
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