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Effects of Gradient Structure on Thermal Residual Stress of Nb,O/Nb,O,-Ti/Ti
Multilayer Coatings on Ti6Al4V

SHAN Xiangheng, LI Wenyuan, ZHANG Haibo, DING Yifan, DING Zeliang
( College of Mechanical Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: An analysis has been made of the residual thermal stress of Nb,Os/Nb,Os-Ti/Ti multilayer coating on
Ti6Al4V by adopting the finite element method, followed by a research and optimization of the influence of the number
and thickness of the film layer and composition exponent of the Nb,Os-Ti gradient interlayers on the residual thermal
stress. The results show that the maximum residual thermal stress decreases from 12.6 MPa to 11.7 MPa with the
increase of gradient interlayers from 1 layer to 6 layers, but the maximum value of residual thermal stress undergoes no
significant change with the number of gradient layers increasing to 8 layers. The thicker the gradient layer is, the smaller
the maximum residual thermal stress will be. When the composition exponent increases from 0.5 to 3.0, the maximum

residual thermal stress first decreases and then increases, and the maximum residual thermal stress (8.93 MPa) is the
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minimum with the composition exponent being 1.5. The optimal combination of structural parameters of the gradient

layer of multilayer coating can be obtained by using the orthogonal test method, i.e., with the number of gradient layers

being 7, the thickness of each gradient layer 1 um, and the composition exponent 1.5. The maximum residual thermal

stress of the optimized multilayer coating is 8.53 MPa, which is 59.2% and 61.4% lower than that of Nb,O5; monolayer
(20.9 MPa) and Nb,O,/Ti bilayer coating (22.1 MPa), respectively.
Keywords: functional gradient coating; thermal residual stress; finite element analysis; orthogonal test
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Table 1 Thermophysical properties of materials

ppp RS gy RRIRRED SRR/
GPa 10°K (Wm'K™")
Nb,O, 60 0.20 58 0.98
Ti 116 0.41 9.0 17
Ti6Al4V 114 0.34 8.9 6.7
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Table 3 Orthogonal analysis scheme with its results

o ‘ E IR RFRAR R
BREERE MERERERE UMEEL i)/ MPa
1 1(5) 1(0.6) 1(1.0) 11.10
2 1(5) 2(0.8) 2(15) 9.82
3 1(5) 3(1.0) 3(20) 9.37
4 2(6) 1(0.6) 2(15) 10.20
5 2(6) 2(08) 3(2.0) 9.57
6 2(6) 3(1.0) 1(1.0) 9.64
7 3(7) 1(06) 3(2.0) 9.77
8 3(7) 2(0.8) 1(1.0) 9.81
9 3(7) 3(1.0) 2(15) 8.53
K, 10.097 10.357 10.183
K, 9.803 9.733 9.517
K, 9.370 9.180 9.570
W2 R, 0.727 1.177 0.666
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Fig. 7 Residual thermal stress nephogram of the coating
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