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Evaluation of Thermal Fatigue Life for SSRF
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Abstract: This paper focuses on a typical high heat load component at the front end of
Shanghai Synchrotron Radiation Facility (SSRF). The temperature and elastoplastic stress-strain
are simulated with the finite element method. The modified Von Mises equivalent strain model,
combining with Miner linear cumulative damage theory, is used to predict the fatigue lives.
Meanwhile, taking into account the effects of surface roughness and hold time, we ultimately
provide a thermal fatigue life evaluation method for the high heat load components. The finite life
design method is accordingly proposed, which aims to improve the current conservative design

method and to promote the overall performance of the facility.
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Fig. 1 Comparison of High Heat Loads between Conditions of Normal Beam on and Beam Shift
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Calculated Temperature and Stress Results under
Beam Current 300 mA and 400 mA

/mA Tona! Tmax/ O nax /MPa
100.6 46.8 274.5
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138.8 53.1 432.6
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Fig. 3 Cyclic Stress-Strain Curves in Case of Beam Shift at

Beam Current 300 mA and 400 mA
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Table 2 Fatigue Life Prediction Results
in Various Cases
/mA A, 1% | o, /MPa | N,/
0.242 -100 38x10
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0.411 -30 15x10*
0.306 -75 0.88x10
500
0.608 -14 1.2x10*
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Table 3  Ultimate Fatigue Life Prediction Results Taking
into Account Surface Roughness and Hold Time
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