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Abstract

This study focuses on the automobile engine connecting rod, conducting systematic static analysis,
modal analysis, and topology optimization using ANSYS Workbench software. First, a static analysis
was performed to obtain the stress and displacement distribution of the connecting rod under
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specific working conditions, and modal analysis was conducted to determine the dynamic response
characteristics of the connecting rod at various frequencies. The results indicate that the connecting
rod meets the strength requirements under actual working conditions, with stress concentration
primarily located at the junction of the small end and the rod body. Based on the preliminary anal-
ysis, topology optimization was applied to the central section of the connecting rod, reducing mate-
rial usage by maintaining 70% of the original weight in this region. During the optimization process,
the geometric irregularities in the initial topology optimization results were corrected through re-
modelling. The final finite element analysis results show that the optimized connecting rod signifi-
cantly reduces weight while maintaining the stress and modal characteristics within design specifi-
cations. This study proposes a lightweight design approach by combining finite element simulation
and topology optimization, providing theoretical support and practical guidance for the optimiza-
tion of connecting rod design.
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Figure 1. The three-dimensional sche-
matic diagram of an automobile en-
gine connecting rod
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Table 1. Material-related parameters of an automobile engine connecting rod
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Figure 2. Mesh division diagram of the automobile engine connecting rod model
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Figure 3. First mode shape diagram
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Figure 4. Second mode shape diagram
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Figure 5. Third mode shape diagram
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Figure 6. Fourth mode shape diagram
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Figure 7. Fifth mode shape diagram
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Figure 8. Sixth mode shape diagram
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Table 2. Modal frequencies related to the automobile engine connecting rod
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Figure 9. Stress cloud diagram
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Figure 10. Strain cloud diagram
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Figure 11. ANSYS topology optimization region iteration results
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Figure 12. Volume change curve
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Figure 13. Stress contour plot after topology optimization adjustment
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Figure 14. Strain contour plot after topology optimization adjustment
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Table 3. Material-related parameters of an automobile engine connecting rod
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