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The Shape Optimal Design of
Marine Medium Speed Diesel Engine Piston

Jun Oh Lee’, Hwal Gyeng Seong” and Ho Jeong Cheon”

ABSTRACT

Polynomial is used to optimize crown bowl shape of a marine medium speed diesel engine piston. The
primary goal of this paper is that it's for an original design through a thermal stress and highest temperature
minimum. Piston is modeled using solid element with 6 design variables defined the positional coordinate value.
Global optimum of design variables are found and evaluated as developed and integrated with the optimum
algorithm combining genetic algorithm(GA) and tabu search(TS). Iteration for optimization is performed based on
the result of finite element analysis. After optimization, thermal stress and highest temperature reduced 0.68%
and 1.42% more than initial geometry.
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Table 2 Material property

Crown Skirt
Grade KS SCM440H|KS GCD700
Density 7850ke/m | 7050ke/m’
Young's Modulus 205(Pa 180
Poisson's Ratio 0.29 0.27
Tensile Strength, Ultimate 980.74Pa 700.04Pa
Tensile Strength, Yield 834.01P 420.0MPa
Elongation 12% 2%
Hardness 285~352 225~302
Thermal Expansion Coefficient| 13.7/m/mC | 10.0m/m’C
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Fig. 5 Finite clement analysis model at initial analysis
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Fig. 10 Piston ring groove closure at initial coupled

field analysis
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Fig. 11 Stress of piston at initial coupled field analysis
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Fig. 12 Stress of crown at initial coupled field analysis
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Table 4 Simulation parametric condition for optimal

design

Item Value
Generation 100
Population Size 100
Chromosome Length 66
Design Variable 6
Crossover Probability 85%
Mutation Probability 5%
Neighborhood Size 50
Tabu Tenure 50
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Table 5 Design variable value at Optimal design

Variable

Value | 85.0 | 70.0 | 450 ; 850 | 893
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Table 6 Result comparison with before shape
optimization and after shape optimization
Before After [ncrease
Highest Temperature 351TC 346C -1.42%
Highest Crown 441MPa 43 8NP -0.68%
Stress Skirt 311MPa 311HPa +0.00%
Highest Displacement 0.46mn 0.47m | +2.17%
Ring Closure 0.108mm 0.11lmm | +2.78%
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Fig. 29 Shape comparison with before optimization
and after optimization
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