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Table 1  Chemical composition of Ti-4.5Mo-5.1Al-1.8Zr-1.1Sn-2.5Cr-2.9Zn titanium alloy (ω/%) 

Al Cr Mo Fe Zr Sn Zn O N H C Ti 

5.12 2.5 4.48 0.52 1.8 1.1 2.9 0.08 0.02 0.002 0.01 Bal. 
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µ 1  Hopkinsonh¶·¸¹ºµ 

Fig.1  Schematic diagram of Hopkinson bar 
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Fig.2  Microstructures of as-rolled (a, c) and heat-treated (b, d) titanium alloys 

1-launch device; 2-impact bar; 3-input bar; 4-strain gauge;

5-sample; 6-output bar; 7-absorbing bar; 8-damper; 9-strain

measuring device;10-wave storage device; 11-date processing

system 
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Fig.3  TEM micrographs of as-rolled (a) and heat-treated (b) 

titanium alloys 
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Fig.4  True stress-strain curves of as-rolled and heat-treated titanium alloys under different strain rates: 

(a) 3100 s
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µ 5  ÀÁjÂ��xy�� 

Fig.5  Shear fracture characteristics of recycled specimens: 

(a) macrophotograph; distribution of adiabatic shear 

bands in as-rolled (b) and heat-treated (c) titanium 

alloys 
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Fig.6  Micrographs of the adiabatic shear bands of as-rolled titanium alloy 
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Fig.7  Micrographs of the adiabatic shear bands of heat-treated titanium alloy 
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Fig.8  SEM fractographs of as-rolled (a, b) and heat-treated (c, d) titanium alloys 

 

����>��rK
�>���89;[DjÉ�

BuvX���É�
�U�®�1�LBuvX�

��î�>�PT�zeqrX���]��	�;

[�)�USÝ=^>�:;�d8 

��������

1) �DBuv@s�9:;<� 3100�3400 *

3800 s

-1

������WX�±½��AN� 1928�

1971* 2133 MPa:�� 1706�1707* 1723 MPa�

A: 200~400 MPa�CÝ=^>�:;®ê� 10.8%�

8.2%* 6.8%+D� 22.1%�17.1%* 23.6%�+DB

�� 2~3.5E��Hò����	�IJK�8 

2) ��qrX���É�?º α 1_OW45

�PQR3���� α 1�'qrX���É,9�

��45�JK+�ÝWX�±½���UV�q

rX����WX�±½���BuvX����8

���qrX�����É?º α./;[�.�a�

'Zbc�� α./l�hi;[�jk�m�:.

nÉ�oL��òH�CE67+qPT�UVqr

X����=^>�:;�BuvX���*8 

3) ��qrX���É!�"��®#�K}

hi�;[�jk*��45_FBGHI�PQ

R3�qrX���É[�c®��FBGHI8 

4) qrX����>��r�
�>�+��>

��BuvX����>��r�z�
�>��'

BuvX�����É�
�9;[DjÉU�®�

18UV�ZqrX���1e�BuvX����

=^>�:;�d8 

 

����    References  

[1] Zhou Wei(Ã Ä), Ge Peng(Å Æ), Xin Haiying(ÇÈÉ) et al. 

Rare Metal Materials and Engineering(³�#´����

�)[J], 2013, 42(4): 781 

[2] Zhang Ziqiang(ÊËn). Armor Technology(·ÌÍÎ®¯G

Ï)[M]. Beijing: Weapon Industry Press, 2000: 161 

[3] Dodd B, Bai Y L. Adiabatic Shear Localization: Frontiers and 

Advances[M]. London: Elsevier, 2012: 91 

[4] Sukumar G, Singh B B, Bhattacharjee A et al. International 

Journal of Impact Engineering[J], 2013, 54: 149 

[5] Li Q, Xu Y B, Bassim M N. Materials Science and 

Engineering A[J], 2003, 358(1-2): 128 

[6] You Zhenping(ÐÑ�), Ye Wenjun(ÒÓÔ), Hui Songxiao(Õ

Ö×) et al. Chinese Journal of Rare Metals(³�#´)[J], 

2008, 32(6): 799 

[7] Lee D G, Lee Y H, Lee S et al. Metallurgical and Materials 

Transactions A[J], 2004, 35(10): 3103 

[8] Kad B K, Schoenfeld S E, Burkins M S. Metallurgical and 

Materials Transactions A[J], 2002, 33(13): 937 

[9] Sieniawski J, Filip R, Ziaja W et al. Materials and Design[J], 

1997, 18(4-6): 361 

a 

200 µm 

20 µm 

b 

20 µm 

d 

100 µm 

c 

Smooth surface 

Ductile dimples 

Elongation dimples 

Dimples 

Ductile dimples 

Smooth surface 

Elongation 

Dimples 



� 4�                �����Ti-4.5Mo-5.1Al-1.8Zr-1.1Sn-2.5Cr-2.9Zn�	
�����������              �1241� 

[10] Luo J, Wang L F, Li M Q et al. Rare Metals[J], 2016, 35(8): 

598 

[11] Martinez F, Murr L E, Ramirez A et al. Materials Science and 

Engineering A[J], 2007, 454-455: 581 

[12] Zhang Z, Eakins D E, Dunne F P E. International Journal of 

Plasticity[J], 2016, 79: 196 

[13] Mendoza I, Villalobos D, Alexandrov B T. Materials Science 

and Engineering A[J], 2015, 645: 306 

[14] Singh B B, Sukumar G, Bhattacharjee A et al. Materials and 

Design[J], 2012, 36: 640 

[15] Kuang L J, Chen Z Y, Jiang Y H et al. Materials Science and 

Engineering A[J], 2017, 685: 95 

[16] Me-Bar Y, Rosenberg Z. International Journal of Impact 

Engineering[J], 1997, 19(4): 311 

[17] Yao Junchen(���), Wen Lifang(���), Han Shoubo(�

� ) et al. Journal of Materials Engineering(!"#$)[J], 

2006, 6: 46 

[18] Zhao Shougen(%�&), He Zhu(' (), Yang Jialing()*

+) et al. Journal of Beijing University of Aeronautics and 

Astronautics(,-./.01��2)[J], 2007, 33(8): 982 

[19] Lu Shouke(345), Shi Guochuan(678), Chen Xia(9 

:). Computer Development and Application(;<=>?@

A)[J], 2010, 23(9): 47   

[20] Ouyang Wenbo(BC�D ), Xie Yingjie(EF� ), Fu 

Wenjie(G��) et al. Hot Working Technology(HI##

J)[J], 2014, 43(17): 58 

[21] Sekido N, Ohmura T, Perepezko J H. Intermetallics[J], 2017, 

89: 86 

[22] Wang Y T, Zhao Y G, Xu X F et al. Materials Science and 

Engineering A[J], 2018, 735: 154 

[23] Saastamoinen A, Kaijalainen A, Porter D et al. Materials 

Characterization[J], 2018, 139: 1 

[24] Noël J P, Renson L, Grappasonni C et al. Mechanical System 

and Signal Processing[J], 2016, 74: 95 

[25] Wang B F, Yang Y. Materials Science and Engineering A[J], 

2007, 452-453: 273 

[26] Yang Y, Wang B F. Materials Letters[J], 2006, 60(17-18): 

2198 

[27] Sun Kai(K L). Thesis for Doctorate(DMN�)[D]. Beijing: 

Beijing Institute of Technology, 2014  

[28] Nemat-Nasser S, Guo W G, Nesterenko V F et al. Mechanics 

of Materials[J], 2001, 33(8): 425 

 

 

Dynamic Mechanical Properties and Failure of 

Ti-4.5Mo-5.1Al-1.8Zr-1.1Sn-2.5Cr-2.9Zn Alloy 

 

Zhu Xinjie, Fan Qunbo, Yu Hong, Wang Duoduo 

(Beijing Institute of Technology, Beijing 100081, China) 

 

Abstract: The dynamic mechanical properties and failure behavior of rolled and heat treated Ti-4.5Mo-5.1Al-1.8Zr-1.1Sn-2.5Cr-2.9Zn 

alloys were studied. The results show that after multi-pass rolling at 880 °C, a duplex microstructure consisting of β matrix and 

non-uniformly distributed “equiaxed+strip” α phase is obtained, and the microstructure is composed of β matrix and fully equiaxed α 

phase after the heat treatment at 895 °C for 0.5 h. The results of dynamic compression tests under different strain rates of 3100~3800 s

-1

 

show that the dynamic compression strength of rolled titanium alloys is 200~400 MPa higher than that of heat treated titanium alloys, with 

a maximum value of 2133 MPa, but the critical fracture strain is obviously lower, with a maximum value of only 10.8%. Although the 

dynamic compression strength of titanium alloys decreases after heat treatment, the critical fracture strain can reach 23.6%, showing better 

matching feature of strength and plasticity. Further study finds that the characteristic of high dislocation density and inhomogeneous 

structure distribution of rolled titanium alloys results in bifurcated adiabatic shear bands during dynamic compression tests. The fracture 

surfaces of rolled titanium alloys show two characteristics: smooth zone and dimple zone, indicating that the fracture mechanism is brittle 

fracture+ductile fracture, while that of heat treated titanium alloys is mainly dimple zone, indicating that the fracture mechanism is ductile 

fracture. The research provides theoretical and technical support for the engineering preparation and application of the new alloy. 

Key words: titanium alloys; dynamic mechanical properties; adiabatic shear bands; failure mechanism 

 

Corresponding author: Fan Qunbo, Ph. D., Professor, School of Materials Science and Technology, Beijing Institute of Technology, 

Beijing 100081, P. R. China, Tel: 0086-10-68911144-863, E-mail: fanqunbo@bit.edu.cn 


