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Table 1 Chemical composition of TC32 titanium alloy
armor plate (mass fraction,%)

Al Mo Cr Zr Si Fe C o Ti
5.07 3.40 3.02 1.06 0.10 0.08 0.015 0.06 Bal.

T2 TC32 G AR Sk fE
Table 2 Mechanical properties ofTC32 titanium alloy

armor plate

R,/ Ry Al Z/
MPa MPa % %

1053 979 150 593

Fracture toughness,
Ko/(MPa-m'?)

118.65

1.2 KWHE

PO BESL 6 R A ECHE K 105 #3642 HAE
PABEAT S, A 20~25 mm POEM KRS, BN
1380~1342 m/s, SFEERIE N 10 m, 5L 0°,
HARSZIG L 2 2% GIB 59.17-88. ik 5 Il & TC32
BRGSAER M IR, FETEBI R, I RLVEE R
TGN RE i

SLIGAEN 82 mm JE TC32 k& 4HEH+30
mm J& 603 2 H 5 20, A6 R B EWE 1 s

SISEEW G, KAV BBl K B )
F, BATRRFIRIR, FE SN 7 1Y)
TEGTIARE, 2. Wb, R, & REAHE
WAL, eSS M BB SEM T W& 7 #r
TC32 £h A S 3EAR [ AROULA0 A R AIE

105 simulated
armor piercing

TC32 603
armor plate armor plate

Bl 1 TC32 Bk et A o B
Fig. 1 Schematic diagram of TC32 titanium alloy testing

armor plate
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1.91 BL I, PUsiERELT TC4 &40,

R3 TC32 ARG EHUAR A 2 H BT AR B 4 2R
Table 3 Tested results of protection efficiency for TC32

titanium alloy armor plate

Bullet  Bullet velocity/ Vertical Protection
No. (m- s_l) penetration/mm  coefficient
1" 1373 61 1.93
2" 1373 61.5 1.91

2.2 EWIRBFHE

JECHE 105 % FRBERLAE DL 1373 mi/s (1380 5 25 SR %
], Sk RS AR B4 R HE Rl S AR R R A ZUR
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PRa AR R M R R R R RS, B E
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WA A R A R I
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Fig. 2 Macroscopic damage characteristics of front side(a)

and back side(b) of TC32 titanium alloy armor plate

B3 TC32 Bk e AR I BT B T 2 ML SURFAE
Fig. 3 Macroscopic characteristics of ballistics profile of

TC32 titanium alloy armor plate
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Fig. 4 Macroscopic damage characteristics of 2" ballistic

profile before(a) and after(b) polishing and etching
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Fig. 5 Fracture morphology(a) and microscopic damages characteristics((b), (c), (d)) of TC32 titanium alloy armor plate at

cratering stage
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Bl 6 FasE RAMF B TC32 Bk S UM A RO B O AL

Fig. 6 Microscopic damages characteristics of TC32 titanium alloy armor plate at steady penetrating stage
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Fig. 7 Microscopic damage characteristics of TC32 titanium alloy armor plate at the end of penetrating stage
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Ballistic properties and failure mechanisms of
TC32 titanium alloy with bimodal microstructure

LI Ming-bing, WANG Xin-nan, SHANG Guo-qiang, ZHU Li-wei, LI Jing, LIU Ge-chen,
XIN Yun-peng, ZHU Zhi-shou

(Key Laboratory of Advanced Titanium Alloys, Beijing Institute of Aeronautical Materials,
Aero Engine Corporation of China, 100095, China)

Abstract: The ballistic properties of bimodal microstructure of TC32 titanium alloy armor plate were tested by

using 105 simulated armor piercing(AP) ammunition, and failure mechanisms of the armor plate were studied by

using optical microscope(OM) and scanning electron microscope (SEM). The results show that the value of

protection coefficient exceeds 1.91. At cratering stage, the main failure mechanisms of TC32 titanium alloy armor

plate are avalanche and adiabatic shear bands(ASBs) that leads to the armor plate damaged. At steady penetrating

stage and end of penetrating stage, various types of adiabatic shear bands(ASBs), cracks, and plastic deformation

phenomenon are the main failure mechanisms in titanium armor plate. The TC32 titanium alloy armor plate with

bimodal microstructure has more excellent matching properties of strength and toughness, which results in better

ballistic properties.

Key words: TC32 titanium alloy; armor plate; ballistic properties; failure mechanism; adiabatic shear bands
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