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Deformation failure analysis of cylinder head based on
thermal viscoplastic model

Liang Gang"?, Zhang Huabing"?, Wu Limin"?, Li Liting"?, Zhang Guoyong"?, Cui Yi’
(1. Shanghai Marine Diesel Engine Research Institute, Shanghai 201108, China; 2. National Key Laboratory of
Advanced Marine Engine Technology, Shanghai 201108, China; 3. School of Mechanical Engineering,
Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: To investigate the mechanism of water-cooled valve seat sealing failure on the high-temperature exhaust
side of the cylinder head of marine diesel engines due to progressive thermal deformation during long-term
service, a finite element simulation method incorporating temperature history effects was proposed, based on a
thermal viscoplastic constitutive model. The Chaboche nonlinear combined hardening equations and the Norton-
Bailey creep equations were utilized to describe the nonlinear deformation induced by thermal fatigue and creep,
respectively, and investigate their coupling mechanism. On the basis, introducing the load attenuation to analyze
the impact of creep fatigue loading on structural stiffness degradation, thereby elucidating the evolution of valve
seat sealing performance. Research findings reveal that the average error in deformation of cylinder head valve seat
holes is approximately 16%, with a 19% improvement in calculation accuracy compared to existing methods.
Moreover, the maximum attenuation of the sealing load for the valve seat hole reaches 75%, resulting in sealing
failure and water leakage. Progressive deformation is primarily controlled by plastic strain during the heating and
cooling stages of the thermal cycle, with influence from the creep-enhanced plastic deformation mechanism during
the high-temperature holding stage. This underscores that progressive plastic deformation over long-term service pe-
riods is the fundamental cause of valve seat sealing failure.
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