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Abstract: The forward kinematics equation of the six-degree-of-freedom parallel mechanisms was
nonlinear and strongly coupled, and generally did not have a symbolic positive solution, which was not con-
ducive to the real-time feedback control of the robots. Thus, a “7-4” Stewart-type parallel mechanism was
designed with weak coupling in structures but decoupled in motions. The forward kinematics equation and
link length coordination equation were solved analytically, and the singularity research was carried out.
Firstly, based on the “2-1” kinematic links, a six-degree-of-freedom “7-4” Stewart-type parallel mecha-
nism was synthesized, and the structural coupling characteristics of the mechanisms were analyzed based on
the azimuth feature set theory. Secondly, based on 13 compatible equations and the theory of tetrahedral
geometry, an analytical algorithm for solving the forward kinematics equation was proposed. At the same
time, it was proved that the number of real solutions under general configuration was 8 (they were sym-
metrical about the same plane ). Then, according to the geometric constraint relationship between the mov-
ing ball hinges, the link length coordination equation was constructed. It is found that the equation also has
a symbolic solution. The Jacobian matrix of the mechanisms was derived, and various singular types were
analyzed. Finally, the internal relationship between the forward kinematics and singularity of the parallel
mechanisms was analyzed.
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Tab.2 Mechanism parameters and input parameters
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Fig.6 Theoretical calculation and virtual test results
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Tab.6 Relationship between the number of forward position solutions and singularity
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