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Abstract

Large components are the key components related to whether the palletizing robot can achieve
lightweight. To this end, from the design level, it is explored how to optimize the frequency of
large components to obtain products with suitable stiffness and high quality. Combining the two
analysis methods of trade-off planning and gray correlation, the multi-objective topology is opti-
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mized under static conditions, and the stiffness performance and natural frequency of the robot
are analyzed in combination with the actual working conditions. Profile related dimension para-
meters. Then, by optimizing the single-objective topology, the real-time compliance is reduced,
and the natural frequency corresponding to the boom is increased. According to the grey compre-
hensive correlation analysis method, the single-objective topology optimization results are pro-
cessed, and the objective weight coefficients of mass, stiffness and natural frequency are obtained.
The multi-objective topology is further optimized with reference to the compromise programming
method, and the robot arm is designed again on the basis of the results obtained from the optimi-
zation analysis to obtain the best structure. The analysis results show that the low-order natural
frequency of the boom is improved and the stiffness performance is enhanced while the mass is
reduced by 9.7% to achieve the lightweight goal.
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Figure 1. Topology optimization process
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Figure 2. Palletizing robot body
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Table 1. Typical load conditions of palletizing robots
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Table 2. The maximum load at 2 places of the boom joint under typical conditions
F2 BETRTREXT 2 L8

JIIN J1%E/(N-m)
T
Fx Fy Fz Tx Ty Tz
i 45.8 30.1 75.4 453 23.6 24.7
TS 38.9 26.5 70.2 40.7 25.3 8.9
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Figure 3. Optimal region and non-optimal region of the big arm
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Table 3. Geometric parameters and material properties of the big arm
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Table 4. The first six-order natural frequencies of the big arm
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Figure 4. The iterative change curve of flexibility in each working
condition
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Figure 6. Variation curve of flexibility in each working condition

with the number of iterations
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Figure 8. Results of multi-objective optimization
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Figure 9. Improved structure of the big arm
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Table 5. Comparison of performance parameters of front and rear booms
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