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Table 1 Chemical composition of titanium alloy TC21 used in the present experiment (/%)

Al Mo Nb

Sn Zr Cr Ti

5.25~6.75 2.25~3.25 1.75~2.25

1.75~2.35

1.65~2.45 0.75~1.75 Bal.

*2 TCQLHRESERTHEENF R
Table 2 Mechanical properties of titanium alloy TC21 used in experiments

Ultimate tensile strength, Yield strength, Young’s modulus, Elongation, Fracture toughness,
on/MPa opo.2/MPa E/GPa 551% Kic/MPa-m*?
1100 1000 119 8 70
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Fig.1 Configuration and dimensions of the specimens
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Fig.3 Schematic of cold hole expansion process
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Fig.4 Variation of fatigue life with expansion degree
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Fig.5 Fatigue fracture appearance of specimens
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Fig.6  Stress-strain curves of titanium alloy TC21 specimens
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Fig.7 FE model of cold hole expansion
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Fig.8 Tangential residual stress distribution nephogram: (a) ex-
pansion degree 1%, (b) expansion degree 2%, and (c) ex-

pansion degree 3%
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Fig.9 Tangential residual stress distribution ruler for different

expansion degree
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Fig.11 Fatigue crack initiation: (a) no expansion, (b) expansion degree 1%, (c) expansion degree 2%, and (d) expansion degree 3%
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Residual Stress and Fatigue Properties of the Cold Hole
Expansion Process in Titanium Alloy TC21 Plates

Ge Ende?, Fu Yucan®, Su Honghua®, Xu Jiuhua®, Chen Xuemei?
(1. Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)
(2. Chengdu Aircraft Industrial Corporation, Chengdu 610092, China)

Abstract: The perforated parts of damage tolerant titanium alloy TC21 in rear fuselage frame are easy to prematurely suffer fatigue crack
in the service process. In order to solve the problem, different expansion degrees were applied to the hole of plate specimens of TC21 in
the split sleeve cold expansion experiment. The effect of expansion degree on fatigue life was investigated in the fatigue tests. By 3D finite
element simulation, the distribution regularity of residual stress was obtained around the hole after cold expansion. The surface feature of
fatigue fracture has been analyzed from macroscopic aspect and microscopic aspect with different expansion degrees. The examination of
fractured sections show that cold expansion can change fatigue crack initiation position around the hole surface, and extend the fatigue
crack propagation life under cyclic loading. It is further shown that fatigue life increases as expansion degree increases; furthermore, the
fatigue life improves by more than 50%.

Key words: titanium alloy TC21; cold hole expansion; residual stress; fatigue life; fatigue crack
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