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Table 1 Chemical composition of the TC21 titanium
alloy (w/ %)
Element Ti Al Zr Sn Mo Nb Cr
Content 84 6 2 2 3 2 1

1st screen 2nd screen  Target

Projectile

t
Velocity Probes Rack

K1 & 5 S e B M 3 LR 1

Fig.1 Schematic diagram of the terminal ballistic test system

and the core of the 12.7 mm AP

K2 TC21 Bk& mAb MO AL R 454
Fig.2 Optical microstructures of TC21 plates: (a) bimodal

microstructure and (b) lamellar microstructure
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Table 2 Tensile properties and ballistic impact property of
TC21 and TC4 alloys
Designation
alloy

TC21B 1033 1147 151 36.6 15.1

YS/MPa UTS/MPa EL/% RA/% DOP/mm
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TC21L 916 1032 16.0 304 15.7
TC4 AR 896 945 13.0 28.0 15.0

K13 TC21 Bh-& B b 1B A 7 1
Fig.3 Fractographs of tensile specimens of TC21 plates: (a) bimodal

microstructure and (b) lamellar microstructure
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Fig.4 Dynamic true stress-strain curves of two microstructures
of TC21 and annealed TC4 alloys at different strain rates:
(a) 1600 s and (b) 2600 s*
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Table 3 Flow stress, Failure Strain and Energy Absorbed by

the specimen of two microstructures of TC21 and
annealed TC4 alloys at 2600 s

Designation Flow Failure Energy absorbed
alloy stress/MPa strain/% IMJm™
TC21B 1808 12.94 218.69
TC21L 1500 18.82 259.96
TC4 AR 1493 20.91 305.74
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Fig.5 Failure modes of titanium targets: (a) plugging, (b) brittle
fragmentation, and (c) spall fragments induced by ductile

hole formation
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Fig.6 Perorated channels of the impacted targets having two

microstructures: (a) bimodal microstructure and

(b) lamellar microstructure
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Fig.7 Micro-damage features and optical micrographs of the
adiabatic shear bands of the target having bimodal
microstructure: (a) white etching bands and (b) de-

formed bands
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Fig.8 Micro-damage features and optical micrographs of the
adiabatic shear bands of the target having lamellar micro-
structure: (a) white etching bands and (b) deformed

bands
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Dynamic Mechanical Properties and Ballistic Performance of TC21 Alloy

Yang Kaiwen, Cheng Xingwang, Zheng Chao, Peng Meigqi, Jin Dan
(National Key Laboratory of Science and Technology on Materials under Shock and Impact,

Beijing Institute of Technology, Beijing 100081, China)

Abstract: The dynamic mechanical properties and ballistic impact property of a+p region and g region forged TC21 titanium alloy were
studied using Split Hopkinson Pressure Bar and ballistic impact experiment. The results show that in the dynamic compression tests, the
a+f region forged TC21 alloy has higher dynamic strength but lower dynamic failure strain than the g region forged TC21 alloy; in the
ballistic impact experiment, both the a+p region and g region forged TC21 alloy do not demonstrate improved ballistic impact property as
compared to the mill-annealed TC4 alloy, which is considered to be attributed to the similar failure mechanism analyzed. In the bimodal

microstructure, spall fragments induced by ductile hole formation is the failure mode; while in the lamellar microstructures, the TC21
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targets fail by the type of brittle fragmentation. Further post ballistic metallurgical observations find that failure mechanism involved in
TC21 alloy is facilitated by the initiation and propagation of adiabatic shear bands and cracks induced by adiabatic shear bands.

Key words: TC21 titanium alloy; thermo-mechanical processing; dynamic mechanical properties; ballistic impact property
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