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Table 1 Properties of the substrate and coating materials

. Temperature/ Density/ Therr@a'l Thermal _e>fpan5|on Specific heat/ Young’s Passion’s Yield strength/
Material © kg conductivity/ coefficient/ JkgK)" modulus/GPa ratio MPa
W {m K)™* x10° €
NiCrAlYD5!  20~1200 7380 5.8~17 13.6~17.6 450 110~200  0.3~0.33 114~426
Al,051141! 20~1200 3984 4~10 8~9.6 755 320~400  0.23~0.25 1000~10000
zrlel 20 6511 22.7 5.8 270 88 0.3 -
RenéN5M  20~1200 8780 69~88 14.8~18 440 120~220  0.31~0.35 800

900}---
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Fig.2 Temperature changes of thermal shock
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Fig.3 Stress distribution of model after 75-times thermal shock:
(a) S11, (b) S22, and (c, d) the simulation
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Nonlinear Finite Element Simulation of Stress Distribution in YSZ Active
Diffusion Barrier Coating System under Thermal Shock

Hu Zhen, Li Zhengxian®??, Liu Lintao?, Li Jiangtao®
(1. Xi’an University of Architecture and Technology, Xi’an 710055, China)
(2. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)
(3. Northeastern University, Shenyang 110819, China)

Abstract: The stress distribution and evolution of NiCrAlY coatings/YSZ diffusion barrier/RenéNS5 substrate after repeated thermal shock
were studied using a finite element method. The effect of peak value on stress was also investigated. The results show that after 75
times-thermal shock, higher shear and tensile stresses exist in the outer edge and the alumina layer, where cracks are easier to initiate and
propagate. With the increasing number of thermal shock, the stress in YSZ active diffusion barrier coating system increases. Moreover, the
peak stress increases in the alumina layer, and the optimum peak value (A) is 3 um.

Key words: YSZ active diffusion barrier coating system; thermal shock; finite element analysis
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