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Position of New Single-branch Closed-loop Parallel Mechanism with Ball Joints

LI Hong, LI Ya-li, LI Rui-qin, HU Yang
(School of Mechanical Engineering, North University of China, Taiyuan 030051, China)

ABSTRACT: The work aims to design a new closed loop parallel mechanism with ball joints, and analyze its position
solution and working space, in view of the excellent motion performance of the 4S closed-loop structure. The mechanism
model was firstly established for the designed closed-loop parallel mechanism. Then, the constraint screw was used
to calculate its degree of freedom. Secondly, the forward and inverse position solution was solved based on the numerical
method and its correctness was verified by the corresponding motion example. Finally, the numerical search method was
used to solve the working space and for the analysis. The moving platform could realize 3 degrees of freedom around the
y-axis rotation, and of the movement along y and z directions. The working space of the closed-loop parallel mechanism
was continuously stable and had no holes within the range of constraint parameters. The three-branch and 4S closed-loop
parallel structure reduces the over-constrained and singular-position type, has excellent motion performance and large
motion space, and considerable application prospects in the field of parallel machine tools and industrial robots.
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Fig.2 Branches 1 and 2
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Tab.1 Inverse position solution of parallel mechanism Tab.2 Forward position solution of parallel mechanism
H, H, H; y z 0
1 247.0451 98.0462 116.3348 1 100.0028 790.0169 0.5329
2 247.0451 1482.00 116.3348 2 —100.0012 790.0169 1.1792
3 247.0451 98.0642 1333.700 3 100.0028 790.0169 1.1792
4 247.0451 1482.00 1333.700 4 —100.0012 790.0169 0.5329
5 1333.00 98.0462 116.3348 5 100.0028 —444 9157 -1.9356
6 1333.00 1482.00 116.3348 6 —100.0012 —444 9157 0.4148
7 1333.00 98.0642 1333.700 7 100.0028 —444 9157 0.4148
8 1333.00 1482.00 1333.700 8 —100.0012 —444.9157 —1.9356
g DT h {78
4
Fig.4 Positional attitude of the forward position solution of the parallel mechanism
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Fig.5 Working space of the parallel mechanism
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