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Recently, the demand for servo-motors and automated controller design methods have been increasing because

factory automatio is rising. For responsing the demand, controller design methods using numerical optimization

have gained considerable attention. In this paper, it is illustrated that disturbance suppression characteristics is

improved by simultaneous optimization of orders and parameters in cascade position control system. The simul-

taneous optimization is realized by repeating change of orders of controller and optimization of parameters. The

effect was confirmed by experiments with precise positioning device.
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Fig. 1. Flowchart of the proposed method
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Fig. 2. Block diagram of position control system to be

adjusted
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Table 1. Parameters and variables of the position

control system

Symbol | Parameter and variables
Ky Position P gain
Ky Velocity P gain
K; Velocity I gain
Xref Position reference
Xm Motor side position
Vim Motor side velocity
d Disturbance
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Fig. 3. Target specification of disturbance suppression
performance (blue area : desirable area for sensitivity
function S(s)) black one-dot chain line : boundary
between desirable and undesirable areas
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Fig. 4. Constraint condition of stability of the system :
circle condition (black dashed line : unit circle, red circle

: forbidden area, red point : center of the red circle)
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Fig. 5.

Overview of the positioning device
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Fig. 6. Bode diagram of the plant (Input : current

reference, Output : position of the carriage)

Table 2.

Tunable parameters of the controller

(Min and Max mean minimum and maximum value of

adjustment range. Initial means an initial value for

optimization.

Symbol Parameter Min | Max | Initial | Unit
K, Position P gain 0 | 2000 10 rad/s
K, Velocity P gain 0 | 2000 | 10*2*pi | rad/s
K; Velocity I gain 0 | 2000 | 40*%2*pi | 1/s
wig Frequency of notch filter | 0 | 2000 1000 Hz
Cati Damping ratio 0 1 0.5 rad/s
o Depth of notch filter 0 1 0.5 -
wei Frequency of phase lead 0 | 2000 1000 Hz
Bi Coefficient of phase lead | 0.80 1 0.90 -
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Fig. 7. Comparison for current reference (blue line :

the proposed method, red line : the conventional

method, black dashed line : disturbance current)
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Fig. 8. Comparison for position error in simulation

(blue line : the proposed method, red line : the
conventional method)
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Fig. 9. Pole-zero placement of Basis filter (red circle

Table 3. Adjusted parameters of controller

marks : zeros, blue closs marks : poles)
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Fig. 10. Frequency response of the Basis filter : Ky
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Symbol Parameter Adjusted value | Unit
K, Position P gain 61.5 rad/s
K,y Velocity P gain 80.6 rad/s
K; Velocity I gain 5.13 x103 1/s
wr1 Center frequency of Notch 1 88.8 Hz
Cd1 Damping ratio 1 0.295 -
o Depth of notch filter 1 0.121 -
wr2 Center frequency of Notch 2 70.6 Hz
Cao Damping ratio 2 0.482 -
o Depth of notch filter 2 0.558 -
we1 Frequency of Phase lead 1 50.0 Hz
Bn1 Coefficient of phase lead 1 0.800 -
) Frequency of Phase lead 2 50.0 Hz
Bn2 Coefficient of phase lead 2 0.800 -
w3 Frequency of Phase lead 3 609 Hz
Bns Coefficient of phase lead 3 0.800 -
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Fig. 11. Comparison for sensitivity function (black
dashed line : target specification, red line : conventional

method and blue line : proposed method)
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Fig. 12. Comparison for Nyquist diagram (black
dashed circle : the forbidden area for root locus, green
dashed square : enlarged part, blue line : proposed
method, red line : conventional method)
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Fig. 13. Comparison for position error in experiment
(blue line : the proposed method, red line : the
conventional method)
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Fig. 14. Comparison for residual vibration in
experiment (blue line : the proposed method, red line :
the conventional method)
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