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Table 1 Thermophysical parameters of materials

RS A7) S AR

P GPa 10°K™ (W-m'-K") W
TC4 114 8.9 6.70 0.34
Ta,0, 140 3.6 33.00 0.23
Nb,O 60 5.8 0.98 0.20
710, 205 10.0 2.00 0.31
TiO, 230 9.0 11.70 0.27
2 HER540H

21 AREADEENERENHH T
TE TC4A BKA 4 2 11 70 IR ST Ta,O5. Nb,Os .,
7ZrO, fl TiO,, RIZMEEYI N 3 um, ik ANSYS14.0
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Fig.3 Residual stress nephogram of

different oxide coatings
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Fig. 4 Effect of coating thickness on the maximum value

of residual thermal stress
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Table 2 Thermophysical parameters of coating materials

ppgy PR CRIRREL SIRRD
GPa 10°K (Wm™'K™")

Ti 116.0 9.00 17.0 0.41
Ti+20%Ta,05 120.8 7.75 202 0.37
Ti+40%Ta,05 125.6 6.59 23.4 0.34
Ti+50%Ta,05 128.0 6.04 25.0 0.32
Ti+60%Ta,05 130.4 5.52 26.6 0.30
Ti+80%Ta,05 135.2 453 29.8 0.27
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different structures with the same surface layer thickness
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Fig. 7 Maximum residual thermal stress nephogram of
Ta,O5 coating of different structures with

the same total thickness
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Analysis of Residual Thermal Stress of Medical Oxide Ceramic Coating
on TC4 Titanium Alloy

DING Yifan, SHAN Xiangheng, YUAN Qianhong, WANG Hao, TANG Yinghong, DING Zeliang

( College of Mechanical Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: The residual thermal stress distribution characteristics of Ta,Os, Nb,Os, ZrO,, and TiO, medical oxide
ceramic coatings on TC4 titanium alloy were analyzed via the finite element method, and the influence of coating
thickness and structure on the maximum residual thermal stress value of Ta,O5 layer was investigated. The results show
that the residual thermal stress in the four oxide coatings is tensile, and the maximum stress value is located at the outer
edge of the coating/substrate interface. Among them, Ta,O; coating has the highest maximum residual thermal stress
value (32.2 MPa), followed by Nb,Os coating (19.7 MPa) and ZrO, coating (10.2 MPa), and then TiO, coating (1.03
MPa). When the coating thickness increases from 1 pm to 4 pm, the maximum residual thermal stress value of Ta,Os
coating decreases first and then increases. Ta,O5 layer with 2.5 um thickness shows the smallest maximum residual
stress value. For Ta,O; coatings with different structures, the maximum residual thermal stress value in ascending order
is gradient coating, composite coating, single-layer coating.

Keywords: titanium alloy; oxide coating; finite element analysis; residual thermal stress
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