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Abstract Aiming at the fatigue failure problem of a car door opening and closing process. The Hypermesh was used to

construct a finite element model of door opening and closing, and then Ls-Dyna, an explicit dynamics solver, was used to

establish a nonlinear transient dynamics model of door opening and closing. The d3plot file containing the stress-time history

solved by the nonlinear transient analysis was imported into nCode DesignLife to build the fatigue analysis module, and the results

were verified with 100 000 times of door opening and closing durability tests, and the conclusions show that both of them have

good consistency in terms of the damage location and the damage degree. Finally, multi-particle swarm optimization (MPSO) was

used to optimize the door with the objectives of door lightweight and minimum damage, and the optimal solution was selected

according to the engineering reality, which reduced the mass of the door assembly by 0. 17 kg, and the damage value of the door

was reduced by about 24.33%. The optimization results show that the MPSO algorithm can be effectively applied to the multi-

objective optimization design of the door, which provides certain ideas for the design and development of the subsequent door.
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Fig. 1  Analysis flow chart
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Fig.2 Ls-Dyna finite element model for nonlinear transient simulation
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Fig.4 Nonlinear transient analysis energy distribution
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Fig.5 Stress distribution based on Ls-Dyna transient simulation
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Tab.1 Ultimate tensile strength of selected materials
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Material Elasticity modulus/MPa UTS/MPa
DCO1 210 000 220
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Fig. 7 Fatigue analysis results based on Ls-Dyna
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Fig. 8 Door opening and closing fatigue test results
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Tab.2 Design variables

Ak G E LR THR
Variable

Initial value ~ Upper bound Lower bound

BTN
Inner plate thickness 0.7 1.0 0.5
d,/mm

0 PR
Window glass thickness 3.8 4.2 3.6
d,/mm
I 42 G 5L
Crash beam thickness 1.4 1.8 1.0
d3/mm
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Fig. 9 Multi-particle swarm optimization results
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