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Fig.2 Finite element analysis model
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Table 1 Material physical parameters

MRS PEIKRE «/(10°K™)

APERTE E/GPa AR v

ZK60 28.00 450 035
Mg 26.10 448 035
TaC 6.65 294.0 0.24

BHEEJZ TaC-Mg % JZ ITES Bl S 5 AR TR
BRI, SRR TR A Pl
Em= EaVa+Eb(1_Va)9 ( 1 )
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Fig. 3 Residual stress nephogram of the coatings
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Fig. 4 Effect curves of the number of gradient layers on
the maximum value of the residual stresses
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Fig.5 Comparison of effects of the thickness of the gradient
layers on the maximum value of the residual stresses
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(A, REAE)

Analysis of Thermal Residual Stresses of TaC/TaC-Mg/Mg
Gradient Coating on Magnesium Alloy

ZHANG Haibo, DING Zeliang, SHAN Xiangheng, DING Yifan, TANG Yinghong, LI Wenyuan

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

Abstract: The finite element method was used to analyze the distribution of residual thermal stress of the TaC/

TaC-Mg/Mg gradient coating on magnesium alloy ZK60. The effects of the number and thickness of gradient layers and

deposition temperature on the residual stress were investigated. The results showed that the maximum residual thermal
stress (112 MPa) of the TaC/TaC-Mg/Mg gradient coating was reduced by 67.2% and 66.1% compared to the TaC

monolayer and TaC/Mg bilayer coatings, respectively. When the number of TaC-Mg gradient layers increased from 1

to 8, the gradient coating’s maximum radial stress increased by 3.3%, while the maximum axial stress and shear stress

showed the trend of increasing after decreasing, with the number of layers being 3, the maximum residual stress was the

smallest. Expanding the gradient layer’s thickness from 0.25 pm to 1.5 pum, the maximum values of radial stress, axial

stress, and shear stress decreased by 16.6%, 47.6%, 32.4%, respectively. However, when the thickness continued to

increase to 2.0 pum, the increase in the maximum value of the residual thermal stress was less than 8%. The thickness of

the adhesive layer Mg had a small effect on the residual stress, but the residual stress increased linearly with the increase

of deposition temperature.

Keywords: magnesium alloy; functionally gradient coating; residual stress; finite element analysis
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