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Lightweight Design of 3 — RRS Parallel Mechanism

WANG Manxin' CHEN Qiusheng' LIU Fang® ZU Li' AN Shouhe'
(1. School of Mechanical Engineering, Nanjing University of Science and Technology ,Nanjing 210094 , China
2. Yichang Research Institute of Testing Technology, Yichang 443003, China)

Abstract: An approach for the lightweight design of a 3 — RRS (R and S represented revolute and
spherical joints, respectively, and R denoted the revolute joint is active) parallel mechanism was
presented. The stiffness model of the 3 — RRS parallel mechanism was expressed as the stiffness model of
two sub-assemblies so as to obtain conclusion that the 3 — RRS parallel mechanism can be regarded as
connected by the two sub-assemblies ‘in series’. The stiffness matching coefficients between the two sub-
assemblies was obtained by maximizing the lower-order natural frequencies, and then the rigidity
constraints of the 3 — RRS parallel mechanism can be allocated to the two sub-assemblies. On this basis,
the lightweight design of the 3 — RRS parallel mechanism can be developed by respectively minimizing the
weights of the two subassemblies subject to technological processes, geometric interference constraints and
the specified rigidity constraints attributed to them. It should be pointed out that an iteration was adopted
to obtain the stiffness matching coefficients, and the response surface fitting was used to fit relationships
between the structural parameters of the limb body and its stiffness and mass due to the complexity of the
shape of the limb body. The proposed approach simultaneously enabled the parallel mechanism to achieve
both high static rigidities and high dynamic behaviors. Numerical example showed that the differences in
the stiffness matching coefficient led to the differences in the distribution of the nature frequencies, which
instructed that the stiffness matching coefficient had significant influence on the dynamic characteristics.
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Fig.1 3D model of 3 — RRS parallel mechanism
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Fig.2  Schematic of 3 — RRS parallel manipulator
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Fig.3 Body fixed frames of limb body assembly
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Fig.6 Diagrams of S joint
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Tab.5 Allowable values of stiffness of first sub-assembly and second sub-assembly
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" (Nepm ™)  (Newm™')  (N-merad™) (Nmerad™")  (Nepm™')  (Nepm™')  (Nemerad™') (N-m-rad™")
1 4.0 22.00 5.20 x 10* 5.800 x 10* 4.000 22.00 5.200 x 10* 5.800 x 10*
0.85 3.7 20. 35 4.81 x 10* 5.365 x 10* 4.353 23.94 5.659 x 10* 6.312 x10*
0.70 3.4 18.70 4.42 x10* 4.930 x 10* 4.857 26.71 6.314 x 10* 7.043 x10*
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Tab.6 Structural parameters of active link, driven link and mass of limb-body in three cases

o l,]/mm llz/mm l,,/mm l,A/mm 115/"”“ l,/mm itk /kg

1 3.0 3.4 29.4 3.0 4.1 25.8 2.45
0.85 3.0 3.1 27.6 3.0 4.3 29.3 2.03
0.70 3.0 3.0 25.5 3.0 4.8 35.2 2.14
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Fig. 12 Distributions of natural frequencies in 60% of workspace (z =100 mm)
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