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Design of a piston profile based on finite element analysis

1,2 . .. 1,2 1,2 . 3
SUN Chenyuan *, FENG Xiaojing ", YUAN Wentao ', GU Dingfeng
1. Binzhou Bohai Piston Co., Ltd., Binzhou 256602, China;

2. Shandong Provincial Key Laboratory of Advanced Engine Piston Components ( Under Preparation) , Binzhou 256602, China;
3. Beijing Foton Cummins Engine Company Limited, Beijing 102206, China

Abstract: To address the uneven contact pressure distribution on the skirt and pin bore profiles of an aluminum
piston in a diesel engine, a topology optimization design method is employed to collaboratively optimize the oval
parameters of the skirt’s transverse cross-section and the pin bore contour. Numerical simulations are conducted
after iterative optimization. The results show that when the skirt’s transverse cross-section adopts a superimposed
corrected ellipse, combined with a double tapered pin bore structure optimized by adjusting the length of inner
and outer linear segments and diameter recess, the contact pressure of the piston skirt and the peak contact
pressure of the pin hole both decrease by 6%, and the contact area increases. After bench testing verification,
the optimized key mating parts such as the piston skirt and pin hole have good contact, and there are no
abnormal wear phenomena such as peeling on the piston surface under cyclic loading. The piston meets the
durability requirements of the engine.
Keywords: piston; profile; ovality; contact pressure; finite element analysis
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and economic performance of fuel cell hybrid commercial vehicles are evaluated. Starting from the dynamics of
the entire vehicle, the dynamic relationship between driving force, resistance, and vehicle motion state is
analyzed, and the characteristics of fuel cells, power batteries, and motors are combined to establish accurate
longitudinal dynamics models of the entire vehicle and multi-level models of the powertrain. A rule-based energy
management strategies are designed to achieve dynamic power allocation between fuel cells and power cells. The
comparison between the simulation results of actual road spectrum conditions and experimental data shows that
the relative errors of the model in terms of vehicle speed, motor power, fuel cell power, power battery power,
etc. are less than 5%. The model has high accuracy and effective energy management strategies. The research
results can provide reference for the performance optimization and energy management strategy development of
fuel cell hybrid commercial vehicles. In the future, we will further explore data-driven power system strategies
to enhance the system’s adaptability to complex operating conditions.
Keywords: commercial vehicle; hydrogen fuel cell hybrid power system; simulation model ; energy management

strategy ; power
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