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Abstract

The cylinder support of a riveting machine is a critical component for load-bearing and mounting po-
sitioning. During long-term operation, it is subjected to cylinder thrust, riveting impact, and alternating
loads, making it susceptible to stress concentration, fatigue cracking, and insufficient stiffness, which
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directly compromise riveting precision and equipment reliability. To enhance the operational perfor-
mance and service life of the support, this paper conducts a reliability analysis and structural optimi-
zation design for a specific type of riveting machine cylinder support. Firstly, a load analysis is per-
formed to define the action forms of self-weight, cylinder thrust, and impact loads. Secondly, a three-
dimensional (3D) model is established, followed by the simplification and meshing of the finite element
model. Subsequently, static finite element analysis (FEA) is conducted to obtain the stress and defor-
mation distribution, thereby identifying structural weak points. Based on the stress-strength interfer-
ence theory and the Monte Carlo method, the reliability analysis is executed to calculate the strength
reliability of the support. Finally, taking wall thickness, reinforcement rib dimensions, and transition
fillets as design variables, the structural optimization is completed using an optimization algorithm,
aiming to minimize maximum stress and maximize reliability. The results indicate that after optimiza-
tion, the maximum equivalent stress is reduced by 15.9%, and the maximum deformation is decreased
by 18.4%. The strength reliability is improved from 0.9567 to 0.9998. This study significantly enhances
the reliability and stability of the cylinder support and provides a valuable reference for the design and
optimization of similar components in riveting machinery.
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Table 1. Initial design parameters and calculation results
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Figure 1. Simplified model
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Table 2. Material properties
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Figure 2. Meshing results
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Figure 3. Equilibrium stress contour map
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Figure 4. Equilibrium strain contour map
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Figure 5. Stress-strength interference model
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Figure 6. Optimized equivalent stress contour map
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Figure 7. Optimized equivalent strain contour map
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