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Abstract
The aim of the present research is to perform an analytical simulation of a previous thermal fatigue
test and to verify accuracy of the simulation. Heat transfer, elastic, and elastic-plastic finite-element
analyses (FEA) were conducted separately. After the simulation, the equivalent total strain ranges were
estimated. In the elastic FEA, The stress redistribution locus (SRL) method was employed as a simplified
elastic-plastic FEA. The calculation results were consistent with the measured temperatures and the
distribution of cracks observed of the thermal fatigue test.
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Fig. 1 Specimen dimensions and configuration

Fig. 2 Examples of the cracks observed [2]
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Table 1 Material properties of the Type 304 stainless steel (304SS) for the heat transfer analysis

T A Cp P h

Q| W/mK) (kJ/kg K) (kg/m?) (kW/m? K)
300 18.30 0.5399 7900 13.10
350 18.97 0.5482 7880 12.71
400 19.68 0.5524 7860 12.33
450 20.35 0.5566 7830 11.98
500 21.02 0.5608 7810 11.63
550 21.69 0.5692 7790 11.30
600 22.36 0.5775 7760 10.99

Table 2 Material properties of the 304SS for the elastic and elastic-plastic FEA

T E v a Sm oy

(°C) (GPa) (106m/m K) (MPa) (MPa)
300 176.4 0.287 18.79 114.7 172.0
350 172.5 0.291 19.19 110.7 166.1
400 168.6  0.295 19.57 106.8 160.2
450 163.7 0.298 19.93 101.9 152.9
500 158.8 0.302 20.28 98.00 147.0
550 153.9 0.306 20.60 95.06 142.6
600 149.0 0.310 20.87 92.12 138.2
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Fig. 3 FEA model and boundary conditions
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Fig. 4 Temperature changes of sodium in one cycle
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Fig. 5 Results of the heat transfer analysis
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Fig. 6 Results of the elastic FEA: (a), (b) and elastic-plastic FEA: (c), (d)

(d) Rapid cooling (Elastic-plastic FEA)
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Fig. 7 Flowchart describing the stress range calculation
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Fig. 8 Comparison of equivalent strain range between elastic FEA and elastic-plastic FEA
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