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A Model-free Cross-coupling Control Method for Parallel Kinematic
Mechanisms with Symmetric Structure
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Abstract: The dynamic coupling effectiveness between the driving joints of parallel mechanisms was a
key challenge affecting their trajectory tracking performance. Existing multi-motor cooperative control
methods for parallel platforms often ignored the inter-joint coupling relationships and their coordination,
which affected the motion accuracy of the end-effector. To address this issue, a model-free cross-coupling
control method was proposed to improve the tracking accuracy of the mechanisms in the task space. By in-
troducing the motor cooperative erros that represented the relationship between the motions of neighboring
motors, the method employed the TDE technique to indirectly perform the closed-loop control of the
mechanism dynamics, solving the uncertainty problems of the dynamics model. Additionally, the stability
of the proposed method was analyzed and proven using the Lyapunov theorem, and experimental valida-
tions were performed on a symmetric parallel kinematic mechanism. The results show that, compared to
the existing TDC method, the proposed method may effectively reduce the end-effector’s motion tracking
errors through efficient position tracking and stable operations of the parallel mechanisms.
Key words: symmetric parallel kinematic mechanism; model-free controller; cooperative control;
time delay estimation( TDE) ; trajectory tracking
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Fig. 1 Structural of a symmetric parallel motion

mechanism
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Fig. 2 Kinematic model of a symmetric parallel motion

mechanism
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Fig.3 Control diagram of the proposed model-free cross-coupling control method
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Fig.8 Tracking error in task space with the proposed method and TDC
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Fig.9 Servo commands for each motor of the parallel mechanism
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