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Abstract: In lightweight design processes of bipedal robots, the optimization design of many parts had
not yet achieved the ideal structural forms, and ultimately only rely on the designer’s experiences for subse-
quent adjustments and corrections. Thus. the existing topology optimization methods were systematically
sorted out and introduced into the structural design of mechanical thighs. By constructing a mathematical
model for lightweight optimization design of mechanical thighs, and following the topology optimization
processes, the initial design geometric model of the mechanical thighs was designed with different unit den-
sities and optimized minimum sizes. Finally, four topological structures were obtained, which reduce the
mass by 535.4 g, 494. 3 g, 423. 8 g and 569. 2 g respectively. According to the actual working conditions
and machining process requirements, the third scheme was selected for strength simulation verification.
The simulation results show that compared with the processed configuration, under the condition of set dis-
tributed force, the maximum displacement deformation of the optimized design is 0. 9012 mm , which is sig-
nificantly smaller than that of the original design of 1. 188 mm; under the condition of set distributed force
and torque resultant force, the maximum displacement deformation is 1. 799 mm, which is also smaller
than that of the original design of 2. 377 mm. The component mass is reduced by 38.45% , and the perfor-
mance of the optimized design is better than that of the original design, which verifies the accuracy of the fi-
nite element model and the effectiveness of the optimized design.
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Fig.1 Hydraulic mechanical leg
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Fig.2 Design of mechanical leg
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Fig.4 Process of the processed design configuration
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Fig.6 Analysis results of the initial configuration of the
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Tab.1 Comparison of topology optimization results of

robot legs in scheme 1
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Fig.11 Topology optimization design results of scheme 4
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Fig.13 Design optimization displacement cloud diagram
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between scheme 3 and the original design results
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