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Thermal stress of W/316L stainless steel first wall system based on rough substrate
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Abstract  [Background] The magnitude of the thermal stress in the first wall system is one of the key factors
affecting the safe operation of the fusion reactor. [Purpose| This study aims to investigate the effect of a rough
substrate on the thermal stress in the W/316L stainless steel first wall system. [Method] The finite-element analysis
software Ansys Workbench was employ to analyze the distribution of thermal stree in a W/316L stainless steel first
wall system with a rough substrate. Depth analysis was conducted on factors such as the temperature, coating
thickness, and substrate thickness that affect the magnitude of thermal stress. Meanwhile, starting from the interface

shear stress in the system, the influence of rough substrate on the bonding strength of coatings was simultaneously
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investigated. [Results] The simulation results indicate that the thermal stress in the rough substrate system increases

with the the increase of temperature and substrate thickness, but decreases with the increase of coating thickness. The

maximum thermal stress and the adhesive strength between the coating and the substrate are raised by the

introduction of the rough substrate. [Conclusions] Results of this study can provide reference for the development of

high-adhesive strength first wall coating systems.

Key words W/316L stainless steel first wall system, Rough substrate, Thermal stress
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Fig.1 Principle schematic diagram of the W/316L stainless
steel system with flat and rough substrates
(a) 3D model with a flat substrate, (b) 2D model with a flat
substrate, (c) 3D model with a rough substrate, (d) 2D model
with a rough substrate
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Table 1 Properties of materials

R i3 R THIAEE IR 75 JiE A B
Material Temperature / °C Elastic modulus Poisson ratio Coefficient of thermal Yield strength
/ MPa expansion / 107 °C™' / MPa
W 20 397938 0.275 4.65 1360.5
200 397270 0.280 4.71 1154.17
400 394 480 0.283 4.86 947.86
600 389508 0.286 5.00 764.79
316L stainless steel 20 198 600 0.28 14.7 500
200 193 700 0.28 153 453
400 189 600 0.28 16.2 402
600 185500 0.28 16.9 194

(a) Von Mises Stress / MPa
16763
14903
1304.2
11182
932.1
746.1
560.1
374.0
187.9
0

(b) Von Mises Stress / MPa
25444 -
2261.8
1979.1
1 696.5
14139
11313
8§48.7
566.1
2835
0

4 WAILNFEMWRGH IR0 AT () SRR RS (b) HUBERL IR R GE
Fig.4 Thermal distribution in the W/316L stainless steel system (a) Smooth substrate system, (b) Rough substrate system
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(a) 4=1 um,(b) A=1.2 pm, (c) 4=1.4 um,(d) A=1.6 um, (e) 4=1.8 um, (f) 4=2.0 pm
Fig.5 Cloud contour of relationship between the surface amplitude of the 316L stainless steel substrate and the thermal stress of the

system
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Fig.6 Effect of the surface half wavelength of the 316L stainless steel substrate on the thermal stress of the system
(a) A=1 um, (b) A=1.2 pm, (c) A=1.4 pm, (d) 4=1.6 pm
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Fig.7 Effect of the temperature on the thermal stress of the
W/316L stainless steel system
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Fig.8 Effect of the coating thickness on the thermal stress of
the W/316L stainless steel system
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Fig.9 Effect of the substrate thickness on the thermal stress of
the W/316L stainless steel system
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(a) Smooth substrate system, (b) Rough substrate system
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