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Optimal Tuning of a Ballscrew Driven Biaxial Servo System

using a Disturbance Observer

Dong-Soo Shin*, Sung-Chong Chung"

Abstract

In this paper, optimal tuning of a cross-coupled controller linked with the feedforward controller and the disturbance
observer is studied to improve contouring and tracking accuracy as well as robustness against disturbance. Previously
developed integrated design and optimal tuning methods are applied for developing the robust tuning method. Strict
mathematical modeling of the multivariable system is formulated as a state-space equation. Identification processes of the
servomechanism are conducted for mechanical servo models. An optimal tuning problem to minimize both the contour
error and settling time is formulated as a nonlinear constrained optimization problem including the relevant controller
parameters of the servo control system. Constraints such as relative stability, robust stability and overshoot, etc. are
considered for the optimization. To verify the effectiveness of the proposed optimal tuning procedure, linear and circular
motion experiments are performed on the xy-table. Experimental results confirm the control performance and robustness
despite the variation of parameters of the mechanical subsystems.
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Table 2 Operating conditions for optimal tuning

Description Values(Unit)
Feedrate 3(mvmin)
Plant uncertainty +1(%)
f 45(degree)
o Wi 0.5
Weighting factors
w2 0.5
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My 238300
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Mechanical  my 574
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my 5345
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Time constants ik (sec)
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Table 3 Optimal tuning results: design variables
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