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Optimal Tuning of Bi-axial Servomechanisms for High-Precision Motion Control

Chul-mo Sung*, Sung-Chong Chung’

I Abstract }

In this paper, the optimal tuning of a cross-coupled controller linked with the feedforward controller is studied to
reduce contouring and tracking errors of a bi-axial servomechanisms by using the previously developed integrated
tuning method. The CCC system for an arbitrary curve, which is combined with the feedforward controller, is
formulated by a state-space based on a series of linear motion trajectories. An optimal tuning problem is formulated
as a nonlinear constrained optimization problem including relevant controller parameters of the servo. To verify the
effectiveness of the proposed optimal tuning procedure, linear and circular motion experiments are performed on the
xy-table. Experimental results confirm that both tracking and contouring errors are significantly reduced by applying
the proposed control and tuning system.

Key Words : Countour Error(2-22.%}), Cross-coupled Controller(A+ & Z§HA]017]), Feedforward Controller(2r# QA o1 7)),
Integrated Design(‘£34d7)), Optimal Tuning(#2]5Y]), Servomechanisms(4 2 7}), Tracking Error(F%2.A})
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Fig. 6 Bode plot of the mechanical subsystem model
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Table 1 Constraints for optimal tuning

Table 2 Optimal tuning results : design variables

Description Constraints
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Design . Initial design Optimal
variable Unit (uncoupled) tuning
z (K,,) VIV 100.000 153.680
r, (&, ) VIV 0.100 0.32783
x (K ) VIV 0.100 0.00259
x,(K,) VIV 80.000 151.460
x, () VIV 0.100 0.35974
z(K,,) VIV 0.100 0.00384
2 (K,,) ViV 0.000 85.1120
r (K),) VIV 0.000 0.49830
xy (K],) VIV 0.000 0.00025
2 (K, ) | VIV 0.000 0.00590
o, (Kp,) | VIV 0.000 0.01980
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