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Engine pistons are subjected to severe thermo-mechanical loading. The
resulting high-cycle fatigue (HCF) is the dominant damage mechanism and
governs service life; hence, reliable fatigue-life prediction is essential. This
study quantifies the influence of switching the fuel from gasoline to
compressed natural gas (CNG) on the HCF life of a gasoline-engine piston. A
sequentially coupled thermo-mechanical finite-element model was built in
ANSYS; temperatures and stresses were exported to nCode Design-Life and
the Goodman mean-stress correction was applied to estimate HCF life.
Because CNG burns more slowly than gasoline, the combustion event is
longer, so the piston crown is exposed to higher temperatures and stresses
under CNG operation. The simulation shows that the peak temperature
rises by 24 °C and the maximum stress by 5.04 MPa when CNG is used.
Consequently, the predicted HCF life drops by 1.44 x 102 cycles (x 29 %).
The numerically identified critical location coincides with the crack
initiation site observed in a failed piston, validating the model.
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