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Automatic Adjustment method robust against fluctuations of frequency characteristics
Ryohei Kitayoshi* (YASKAWA Electric Corporation)
Hiroshi Fujimoto (The University of Tokyo)

Recently, the demand for servo-motors and automated controller design methods has increased because factory

automation is rising. For responding to the demand, controller design methods using numerical optimization have

gained considerable attention. In this research, we propose an automatic adjustment method robust against fluctu-

ations of frequency characteristics of the plant. This method enables us to design an optimal controller by analyzing

time-series error data and repetitively identifying and updating the frequency band that seems to been fluctuating.

The effectiveness of the proposed method was confirmed by experiments with precise positioning device.
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(ii) Bode diagram of the plant  (Input: current reference,

Output: position of the carriage)

Fig. 1. Overview and frequency responce characteristics of the positioning device

Table 1. Parmeters of transfer function of the plant

Symbol Value Unit
wWr1 30.5 Hz
Cr1 2.84 %1072 | -
Wal 25.3 Hz
Cal 2.56 x 1072 | -
wWr2 89.2 Hz
Cro | 4.05x1072] -
Wr3 298.0 Hz
Cr3 7.00 x 1072 | -
Wa3 146.7 Hz
Ca3 460 x 1072 | -
K 14.6 -
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Table 2. Parameters and variables of the position

control system

Symbol Parameters Symbol Variables
Ky Position P gain Xref Position reference
Ky Velocity P gain Xm Motor side position
K; Velocity I gain Vin Motor side velocity
Wi Notch frequency Icy Current, reference
Cdi Notch damping d Disturbance
a; Notch depth
we; Phase-lead frequency
B Phase-lead coeficient
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Fig. 2. Block diagram of position control system to be adjusted
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(ii) Stable constraint condition

Fig. 3. Target specification and constraint condition for optimization

Table 3. Tunable parameters of the controller

Symbol | Min | Max | Initial | Unit
Kp 0 | 2000 10 rad/s
Ky 0 2000 | 10*2*pi | rad/s
K; 0 | 2000 | 40%2%pi | 1/s
wig 0 2000 1000 Hz
Cai 0 1 0.5 rad/s
a; 0 1 0.5 -
wei 0 2000 1000 Hz
Bi 0.80 1 0.90 -
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Table 4. Parmeters of the updated transfer function

Symbol | Conventional Updated Unit
wr1 30.5 30.5 Hz
Cr1 2.84x 1072 | 2.84x 1072 | -
Wal 25.3 25.3 Hz
Cal 2.56 x 1072 | 256 x 1072 | -
W2 89.2 91.5 Hz
Cro 4.05x 1072 [2.05x 1072 | -
wr3 298.0 298.0 Hz
Cr3 7.00 x 102 | 7.00 x 10=2 | -
Wa3 146.7 146.7 Hz
Ca3 4.60 x 1072 | 4.60 x 1072 | -
K 14.6 13.8 -
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Table 5. Adjusted parameters of controller
Symbol | Conventional | Re-adjusted | Unit
K, 60.8 62.4 rad/s
Ky 70.8 80.7 rad/s
K; 4.40 x103 5.13 x103 1/s
Wi 88.1 91.5 Hz
Gd1 0.517 0.247 rad/s
a1 0.105 7.48 x1072 -
w2 - 78.5 Hz
Ca2 - 0.360 rad/s
a2 1.00 0.530 -
w1 88.4 50.0 Hz
Bri 0.850 0.800 -
w2 88.3 50.0 Hz
Br2 0.850 0.800 -
we3 88.3 669 Hz
Bn3 0.850 0.800 -
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