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Optimal nonlinear adaptive excitation controller design of a synchronous generator

JING Likun?, YANG Ning!, LIU Bo!, PAN Fengping?, YANG Bo?®
(1. Huadian Weifang Power Generation Company Limited, Weifang 261000, China; 2. Guangdong Diankeyuan Energy
Technology Co., Ltd., Guangzhou 440104, China; 3. Faculty of Electric Power Engineering,
Kunming University of Science and Technology, Kunming 650500, China)

Abstract: This paper designs an Optimal Nonlinear Adaptive Excitation Controller (ONAEC) to enhance the stability of
multi-machine power systems. First, the nonlinearities, parameter uncertainties, unmodelled dynamics and time-varying
external disturbances of the synchronous generator are aggregated into a perturbation, which is estimated by a High-Gain
Perturbation Observer (HGPO) in real-time. Then, the estimated perturbation is fully compensated by ONAEC and the
optimal control parameters are obtained by Modified Salp Swarm Algorithm (MSSA). In addition, ONAEC has the
advantages of simple structure and easy implementation, and it can achieve a globally consistent control performance by

measuring only one state, e.g. rotor angle. Finally, two case studies, e.g., the three-phase short-circuit fault with nominal

parameter and parameter uncertainties, are undertaken.

Simulation results show that compared with

Proportional-Integral-Derivative (PID) control and Feedback Linearization Control (FLC), ONAEC can achieve the best
dynamic performance under various operational conditions and effectively restore the power system after failure.

This work is supported by National Natural Science Foundation of China (No. 61963020).
Key words: optimal nonlinear adaptive excitation controller; high-gain perturbation observer; multi-machine power

system; modified salp swarm algorithm
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