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Tab.5 Boundary condition of the temperature field of the piston
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Fig.7 Temperature field distribution of the piston
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Fig. 8 Coupling strain fields distribution of piston
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Tab.7 Random variable distribution and distribution parameters

BEHLAZ Y BEHLAZ 1 giesi fiEs LS
Random variable type Random variable Distribution type  Average value Coefficient of variation
1 2E B 4% Piston diameter d/mm 82 0.01
LEF AT o =
. A AE ﬁ 1% %€ 4 ) Piston height H/mm I ﬁ%ﬁ . 69 0.01
Structural uncertainty Normal distribution
1% ZEHRBE 2 51 Combustion chamber height of the piston A/mm 7.3 0.01
RAH E M PR Modulus of elasticity E/MPa EA S A 5.03x10* 0.02
Material uncertainty R Material density p/(kg/m?) Normal distribution 2.77x10° 0.05
IS ON Wi EZS I 21 0.05
T ST AN S Maximum gas pressure p/MPa Normal distribution ’
Uncertainty of the ) FrAE IE 2540 A
P g S5 IERS
load and model REIFH ST BUU S Standard normal 0 -
Parameter of fatigue calculation model A Lo
distribution
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Tab. 8 Piston fatigue reliability calculations results

Trik FEA 1 2K

P07 C ]
Method Number of sample points P10 conpt 1%
AK-MCS-U 20+578 1.018 3.12
TR
FriR ik 20+93 1.053 3.07

Proposed method
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Fig. 9 Effect of random factors on the fatigue reliability of the piston
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Low-cycle fatigue reliability analysis of engine pistons based on PC-Kriging model

LI Wei'> LI Liansheng'> DU Zunfeng’ FAN Tao’
(1. Weichai Power Company Limited, Weifang 261061, China)
(2. State Key Laboratory of Engine Reliability, Weifang 261061, China)
(3. School of Civil Engineering, Tianjin University, Tianjin 300354, China)

Abstract: Low-cycle fatigue is a typical failure mode of engine pistons. In order to study the influence of multi-source
uncertainty factors on the reliability of low-circumference fatigue of pistons and improve the efficiency of the reliability
analysis, a new reliability calculation method is constructed based on the polynomial-chaos-based Kriging (PC-Kriging) model
and the Monte Carlo simulation (MCS), and the accuracy and efficiency of this method are proved by numerical examples.
Taking the piston group structure of a certain diesel engine as the research object, a finite element model of the piston is
established based on the thermal-mechanical coupling analysis, and the reliability analysis of the piston for low-cycle fatigue is
carried out by using this method, taking into account the critical dimensions, the material properties, and the uncertainty of the
load. The results of the reliability analysis show that, compared with the same type of method, this method is more efficient in
calculation, requiring only 20+93 finite element calculations, and the probability of fatigue failure is 1.053% when the
expected design life of the piston is 1. 4x10*. The sensitivity analysis shows that, the height of the piston, the piston diameter,
the elasticity modulus of the material, and the parameters of the fatigue calculation model have a greater influence on the
reliability. The analysis results can provide a guidance for the reliability design of the piston.
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