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Abstract:In order to meet the urgent needs of marine Stirling
engine with low noise, low maintenance and long life, this pa-
per took the crankshaft, a transmission component with com-
plex structure, high replacement difficulty, and a direct im-
pact on the vibration and noise levels of the entire machine,
as the research object, conducting fatigue life prediction and
sensitivity analysis of key parameters. Firstly, the rigid-flexi-
ble hybrid multibody dynamics model of the high-precision
Stirling engine transmission system was constructed, and the
crankshaft stress load was extracted. Then, the crankshaft fa-
tigue life was calculated by the nominal stress method based
on the linear cumulative damage theory. Finally, the sensitivi-
ty of the key parameters of the crankshaft life was quantified
by the multiple quadratic regression model. The results show
that the minimum fatigue life of the left and right crankshafts
is 29 277.78 hours and 29 824.07 hours, respectively. Among
the effects of assembly and operation-maintenance parameters
on the fatigue life of the left and right crankshafts, the main
bearing clearance exerts the most significant influence, with
its contribution ratios reaching 51.63% and 50.31%, respec-
tively. The sensitivity analysis results of key parameters can
provide an important basis for the reliability design and the
formulation of whole-life-cycle operation and maintenance
schemes of Stirling engine crankshafts.

Key words: Stirling engine; crankshaft fatigue life; influen-

cing factors ; sensitivity analysis
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Fig.1 Schematic diagram of transmission system structure of U-type 8-cylinder Stirling engine
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Fig.2 Finite element models of key components
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Fig3 Condensed models of key components
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Fig.4 Modal frequencies and errors of finite element models and condensation models of key components
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Fig.5 2D simulation model of transmission system dynamics
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Fig.6 3D simulation model of transmission system

dynamics
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Fig.8 Flow chart of crankshaft fatigue calculation
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Tab.5 Normalized coefficients of each parameter

in the crankshaft fatigue life regression model
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