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Abstract: In this paper, the operating stiffness of a parallel robot used to handle heavy packages is optimized. Because
the studied model, called a “pick and place robot,” is applied for packaging logistics, it is important for the robot to be
lightweight so that it may respond rapidly and have high stiffness to allow sufficient operating precision. However,
these two requirements of low weight and high stiffness are mutually exclusive. Thus, the dynamic characteristics of
the robot are analyzed through multibody dynamics analysis, and topology optimization is conducted to achieve this
exclusive performance. Lastly, the reliability of the topology optimization is verified by applying the optimized design
to the parallel robot.
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Table 1 Natural frequency results of 2 axis parallel robot

“mode | 2™ mode | 3™ mode
Frequency [Hz] 2.94 294 51.1
Mode shape Lateral Torsion | Vertical
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Fig. 7 Stain energy density of fundamental mode
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Table 2 Topology optimization results

Table 3 Dynamic stiffness results according to three axes

Original Optimized Dynamic Stiffness [N/mm)]
Total mass [kg] 4.1 3.7 . . .
Stiffness [Nm/deg] 833 204.1 XAxis | YAxis Z Axis
Stress [MPa] 439 30.3 Original 5.0 360.0 1800.0
Modification 10.0 360.0 1800.0
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Table 4 Performance Comparison of two models

Original | Optimized
Mass reduction [kg] - 0.8
Static Stiffness [N/mm] 4.8 9.5
Fundamental Freq. [Hz] 2.94 4.02
Dynamic Stiffness [N/mm] 5.0 10.0

Point Mability [mm#siN]

»First bending mode .
-4.02Hz (36%1) '

»Total weight reduction 3!'|
- 0.8kg reduction

wEm 1o

Fig. 15 Dynamic stiffness analysis results of optimized

model
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