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Abstract: To address the accuracy and efficiency challenges in the reliable control of air-fuel ratio for
general aviation piston engines (GAPEs) , a reliability analysis method integrating AMESim-PID co-
simulation and an adaptive Kriging model was proposed. A parameterized simulation model was estab-
lished based on the AMESim platform according to the physical models of the intake, exhaust, and com-
bustion systems of the GAPEs. Based on the oxygen excess coefficient a PID control model was presented
to improve the accuracy of air-fuel ratio control by adjusting the injection pulse width. The GA-Halton se-
quence, adjust expected maximum function(AEMF ), and composite convergence criterion were proposed
to establish a high-fidelity adaptive Kriging model to improve computational efficiency. A reliability analy-
sis framework for air fuel ratio control was established based on AMESim-PID-Kriging, and the final fail-
ure probability was calculated by importance sampling (IS). The case analysis shows that the proposed
method may achieve high-fidelity modeling and accuracy control of the air-fuel ratio reliable control of the
GAPEs, and accurately estimate the failure probability with fewer simulation times and solving time.
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Fig.1 Horizontal opposed four stroke piston engine
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Fig.2 Working diagram of piston engine
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sample distribution
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Tab.1 Comparison of accuracy and efficiency of

different methods

Trik N | P/10°° B 8/ %

MCS 10° 4.416 2.6180
AK-IS+AEMF 34 4.5 2.6121 0.22
AK-MCS+U 42 4.5 2.6121 0.22
AK-MCS+EFF 94 4.3 2.6276 0.37
DS 52 4.5 2.6121 0.22
IS+response surface 1375 4.5 2.6121 0.22
IS+ spline 428 4.5 2.6121 0.22
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respect to the oxygen peroxide coefficient
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Tab.3 Comparison of reliability calculation results of

different methods
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