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Optimal control design of proportional resonance of servo
system under power supply state change

SUN Ruihao, LI Peng, LI Xiaolin, GAO Zhigang, GUO Jianguo

(Tnstitute of Precision Guidance and Control, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract ; To address the coupling control problem between the power supply and the servo mechanism in
high-dynamic electromechanical servo systems, a technique based on parameter-adaptive fuzzy quasi-pro-
portional resonance control was presented. Firstly, mathematical model of the entire servo system was
built under a global perspective, including the servo mechanism and lithium batteries, and the state of
charge (SOC) of the battery was chosen as the coupling variable. An extended Kalman state observer was
created to yield the precise SOC variation trend. Secondly, to meet control needs of the system, quasi-
proportional resonance control was proposed to achieve indifferent steady tracking performance of AC and
DC control signals. Thirdly, in order to realize the adaptive adjustment of control parameters, a fuzzy im-
proved quasi-proportional resonance control method was designed using SOC and error variations as fuzzy
variables. Simulation results demonstrate that under dynamic SOC variations, the proposed control strate-
gy exhibits superior control performance in both time and frequency domains compared with conventional
control methods, improving control performance by 50% . Specifically, it shows stronger robustness to

SOC and temperature changes, enhancing fluctuations by 70% , and significantly improves robustness to
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pulsed and periodic disturbances, reducing the steady-state control error by 80% .

Keywords ; proportional resonance control; servo system; state of charge; extended Kalman filter;

fuzzy control
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Fig.1 Structure of servo system containing the energy
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Fig.2 Circuit model of the second-order RC network
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Fig.3 Operation process of extended Kalman observer
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servo system
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Fig. 17  Influence of temperature on the maximum

speed of servo system

x4 LHARBEZRITSH

Table 4 Statistical analysis of the rise time

P ¥iE T %
PID 36.276 4 0.927 2
Uik PR 19.4315 0.647 2
Bk PR 16.240 7 0.1229
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Fig.18 Influence of temperature on the bandwidth of

servo system
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Table 5 Statistical analysis of the maximum speed

P ik ¥{E F %
PID 307.900 4 22.116 7
Y UE PR 315.217 5 10. 660 8
FOWIBGIEAE PR 320.629 4 2.376 4

x6 HEHITHW
Table 6 Statistical analysis of the bandwidth

P B ¥ifE T
PID 18.399 9 1.19 x10 2
HeikifE PR 21.9457 1.36 x10 3
BB B E PR 29.627 0 6.91 x10
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®7 BT AETRERIRRE SR E
Table 7 Angular tracking error and convergence time un-

der impulse disturbance torque

TGRS WARAE/(°)  WBURTEL/ms
PID #&4 0.227 80
7 PR $5% 0.062 32
FORI e PR 42 0.048 29
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Fig.20 Angular response curve under periodic

disturbance torque
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Table 8 Tracking error under periodic disturbance

torque
LA
R RKAH FHE
PID 0.195 0. 044
WGHETE PR 0.021 0.003
RO ke PR 0.003 0.001
5 & &
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