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Novel SCARA Parallel Mechanism with Double Parallelogram Branches
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Abstract; A type of SCARA parallel mechanism with double parallelogram branches was proposed,
which included four identical branches and had the advantages of compact structure, high bearing
capacity and stiffness. Firstly, the topological structure and degree of freedom of the mechanism were
described based on Lie group theory. Secondly, the closed-loop vector equation was constructed to derive
the forward/inverse position solution, and two numerical examples were used to verify the correctness of
the position solution. By deriving the closed-loop vector equation with respect to time, the Jacobian
matrix of the mechanism was obtained, and the mapping relations between the input angular velocity and
the end output velocity, and between the input angular acceleration and the end output acceleration were
established, and the numerical simulation analysis was carried out. Then, based on the inverse position
solution, the limit boundary search method was used to solve the workspace of the mechanism, and the
corresponding atlas was drawn for analysis. In order to clarify the rotation performance of the moving
platform of the mechanism, the spatial distribution maps of the maximum and minimum rotation angles of
the moving platform under different working planes were drawn. On this basis, the dimensional
homogeneous Jacobian matrix was constructed with the help of characteristic factors, and the motion
transmission performance of the mechanism was analyzed by two methods of condition number and
operability. Based on the direct and indirect Jacobian matrices, three kinds of singular positions of the

mechanism were analyzed systematically, and the conditions of singularity occurrence were clarified.

Weks H . 2021 -07 —18 & [H H . 2021 - 09 —09

E£WMAB: MEAAFRE ST H (52005368 51905378 ) K Hr il [ 4K Bl 2% B 4 550 H (20JCQNJC00360 ) | K it i 0 Z B WF & 4 5 [
(2019KJO12 ) 1 K HE i £ AR B 51 5 4 WUk 43 4 b B R¢ Ik 61350 H (20YDTPJC00450 )

EHEB N BWR(1985—) , T3, BI B2 18+, T2 AL ER ABLAL 2 R 20K 3R 58 8 1 2 K4 il 5, E-mail ; godspeed2009@ 126. com

BEEE: BEE(1985—) 5 Bl W+, FE RIS 50U R 58 8h )= 58, E-mail : mmts_tjpu@ 126. com



%73

R 25 9 WO MU 8540 SCBE ) SCARA JEIRALAG BF 5 423

Finally, the correctness and feasibility of the theoretical analysis and design results were verified by

simulation experiments with Matlab and ADAMS software. The research result can provides theoretical

basis for the subsequent optimization and prototype manufacturing of the SCARA parallel mechanism in

future.

Key words; SCARA parallel mechanism; motion analysis; performance analysis; singular position
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