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Research on the Piston’s Transient Stress Considering Intake Effect

and Non-Linear Contact
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Abstract; Aiming at the inaccurate computation of the heat transfer boundary on piston top
surface in empirical formulas and the stress concentration caused by displacement constraints in
thermal stress calculation, the combustion simulation and finite element method were used and
the nonlinear contact was constructed to study the piston’s transient stress. The top surface heat
transfer boundary of the piston under intake cooling effect was obtained by the combustion
simulation and mapped to the finite element model. The non-linear contact was used to simulate
the heat and force transfer between the components, and the temperature fields of the piston were
compared under or without intake air cooling effect and verified by temperature tests. The
thermal stress fields of the piston with or without nonlinear contact were compared, and the
transient stress field analysis was performed under alternating thermal-mechanical loads. The
results show that using the combustion simulation and finite element method to study the

piston’s temperature field can simulate the top surface temperature fluctuations with time and the
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unevenness in space more accurately. The introduction of nonlinear contact can improve the

thermal stress concentration caused by displacement constraints. The thermal stress on the intake

side of the piston is 11. 9% higher than the exhaust side. The coupled stress of the piston is not a

simple superposition of thermal stress and mechanical stress, and there is a counteraction between

the thermal and mechanical stresses to a certain extent.

Keywords: piston; intake cooling; thermo-mechanical coupling; temperature field; stress field
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