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Abstract: To address the common issues of large end-effector trajectory errors and the difficulty
in meeting diverse transport requirements in industrial transfer robots, based on the ideas of
hybrid and metamorphic mechanisms, a metamorphic hybrid robotic arm with two motion modes is
designed. The stiffness characteristics of the wrist and shoulder spatial mechanisms are analyzed and
optimized. Based on screw theory and the required degrees of freedom, a topological design of the

wrist and shoulder mechanisms is completed, followed by mode switching through metamorphic
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design. Using the principle of stiffness superposition for parallel mechanisms, joint stiffness models
for the wrist and shoulder mechanisms are established, and stiffness design objectives are proposed to
compensate for errors. Topological dimensions are treated as design variables, and the stiffness models
are matched with the stiffness design objectives to analyze the impact of design variables on
stiffness characteristics, thereby determining the design direction for topological dimensions.
Static simulations of the wrist and shoulder mechanisms are conducted using ANSYS software to
obtain the maximum joint deformation of each mechanism. The simulation results indicate that,
under a constant load, the maximum joint deformation of the wrist mechanism increases by 2. 85% to
121. 21% after adjusting the topological dimensions. In contrast, the maximum deformation of the
shoulder mechanism decreases by 3. 18% to 19. 75% following changes in topological parameters. These
simulation results verify that the design direction of topological dimensions is consistent with the stiffness
design direction of the mechanisms. This study provides a reference for multi-objective optimization of
mechanisms and error compensation methods.

Keywords: hybrid robot; spiral theory; metamorphic mechanism; joint stiffness model; error

compensation; topological dimensions
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Fig. 1 Basic configuration of hybrid robotic arm
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Fig. 2 Distribution and dimensioning of branch motion pairs
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Fig. 3 All anti helix positions of the parallel mechanism
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Fig. 4 Distribution and dimensioning of branch motion pairs
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Fig. 5 All anti helix positions of shoulder parallel mechanism
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Fig. 6 All types of position and posture errors
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Table 1 Initial values and variation intervals of topological

dimensions of wrist mechanism
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Fig. 7 Trend of stiffness changes in the u, v, and w directions of the wrist mechanism
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Table 2 Comparison data of deformation before and after topology size optimization of wrist mechanism
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Table 3 Initial values and variation intervals of topological

dimensions of shoulder mechanism
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Table 4 Comparison data of deformation before and after topology size optimization of shoulder mechanism

o n/ o/ R d) a)  a/ b b e/ ) g/ R/ AR AERE/
mm mm mm mm mm mm mm mm mm mm mm mm %

WA 750 500 1400 250 500 900 250 800 0.57 0.42 0.71 3. 14

XL 1 1000 500 1400 250 500 900 250 800 0.57 0.42 0.71 2. 94 —6.37
YTHE41 2 750 900 1400 250 500 900 250 800 0.57 0.42 0.71 2.83 —9.87
YPHEZH 3 750 500 1500 250 500 900 250 800 0.57 0.42 0.71 2.71 —13.69
X4 4 750 500 1400 115 500 900 250 800 0.57 0.42 0.71 3.04 —3.18
X5 750 500 1400 250 600 620 450 625 0.57 0.42 0.71 2.52 —19.75
X416 750 500 1400 250 500 900 250 800 0.39 0.85 0.36 2.57 —18.15
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