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Abstract
The aim of this study is to optimize the topology design of an underwater robot frame by ANSYS

SCEESIF: XUhE, ik, R, Pl ST ANSYS IR R AL A IHEZR I A e i) @B 1 5L, 2025, 14(1): 1276-
1283. DOI: 10.12677/mo0s.2025.141115


https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mos.2025.141115
https://doi.org/10.12677/mos.2025.141115
https://www.hanspub.org/

Xt 55

software to improve its structural performance and reduce its weight. Firstly, a 3D model of the
underwater robot frame was constructed using SolidWorks and a static stress-strain analysis was
performed in ANSYS Workbench. The analysis results show that the initial design is structurally
stable when subjected to underwater pressure, but the irregular shape of the middle part may affect
the stress distribution and manufacturing process. To address these issues, the team accurately
modeled the middle part of the frame with the goal of reducing the mass of the part to 37.5% of the
original, and performed further stress and strain analyses. The optimized frame reduced weight
while maintaining sufficient structural strength and stiffness to meet the design requirements. The
stress and strain analyses show that the stress concentration phenomenon in the middle part has
been significantly improved, and the overall stress distribution is more reasonable, with the maxi-
mum stress value well below the yield strength of the material. In addition, the optimized frame
design improves the feasibility of the manufacturing process and ensures the working conditions
for underwater driving in the lightweight design. During the topology optimization process, struc-
tural light weighting is achieved by removing materials in low-stress regions, while materials in
critical areas are retained and parts with less impact on performance are removed. Ultimately, the
optimized frame model successfully reduces the amount of material used while ensuring function-
ality and strength, providing a basis for reducing production costs. This study provides important
technical support for lightweight design and material optimization of underwater robot frames, and
offers feasible engineering solutions for cost reduction and performance enhancement.
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Figure 1. 3D schematic diagram of the robot frame
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Table 1. Parameters related to underwater robot frame materials
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Figure 2. Schematic diagram of the meshing of the underwater robot
framework model
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Figure 3. Schematic force diagram of underwater robot frame model
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Figure 4. Stress cloud of underwater robot frame model
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Figure 5. Strain cloud for underwater robot frame model
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Figure 6. Volume change of underwater robot frame
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Figure 7. Optimized structure of an underwater robot frame
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Figure 8. Stresses after optimization of underwater robot frames
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Figure 9. Strain after optimization of underwater robot frame
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Table 2. Parameters related to underwater robot frames
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