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Optimal Tuning of Linear Servomechanisms using a Disturbance Observer
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Abstract

In order to design a high-performance controller with excellent positioning and tracking performance, an
optimal tuning method based on the integrated design concept is studied. DOBs, feedforward controllers and
CCC are applied to control the bi-axial linear servomechanism. To derive accurate dynamic models of
mechanical subsystems equipped with linear servos for the integrated tuning, system identification processes are
conducted through the sine sweeping. An optimal tuning problem with stability, robustness and overshoot
constraints is formulated as a nonlinear constrained optimization problem. Optimal gains are obtained through
the SQP method. Experimental results confirm that both tracking and contouring errors are significantly
reduced by applying the proposed controller and integrated tuning method.
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Table 1 Constraints for optimal tuning
Description

Constraints

g s <0

57 ={s: P (s)=0},i=1~20
g, s <0

Relative T ={s:P " (s)=0},i=1~20
stability g,157 <0

s ={s:P"(s)=0}i=1~20
g, s <0
s t={s:P " (s)=0},i=1~20

where 8 = 80°
whered = 10°

Maximum | & :M,(6) <15%,
overshoot 2 3My (0) <15%,

Table 2 Optimal tuning results : control gains

Design variable Unit 'PJ:?;S;.SJS? Optimal tuning
x(K,) VIV 180.000 199.895
%(K,) VIV 180.100 200.002
%(K,) VIV 0.000 200.038
x(K,,) VIV 4.000 4,012
5 (Kaur) VIV 0.010 0.0095
x(K,, ) VIV 10.000 10.003
(K, VIV 0.050 0.06
%(K ) VIV 0.000 0.001
x(K ) VIV 0.000 0.0004
%o (K ) VIV 0.000 0.001
(K VIV 0.000 0.0005
%, () VIV 0.000 0.02
%s(7,, ) VIV 0.000 0.02
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