Dynamical Systems and Control /] &4 5341, 2019, 8(3), 191-204 Hans )i
Published Online July 2019 in Hans. http://www.hanspub.org/journal/dsc
https://doi.org/10.12677/dsc.2019.83021

Chaos and Control of a Third-Order
Power System Model

Cun Hua, Huizhao Liu

Hebei University of Technology, Tianjin
Email: 2736970762@qg.com

Received: Jul. 2", 2019; accepted: Jul. 12", 2019; published: Jul. 29", 2019

Abstract

The dynamical behaviors and control problems are investigated in the third-order model of power
system. The bifurcation diagram, Lyapunov exponential diagram and phase diagram of the cor-
responding differential equations are obtained by numerical simulation using the existing
third-order mathematical model of power system. Furthermore, the influences of system parame-
ters change on the dynamic behavior of the system are analyzed, and the Hopf bifurcation and
chaos phenomena occur with the change of system parameters under certain conditions. By cal-
culating the divergence of a vector field of the system, the dissipation of the system is obtained,
and the fractal dimension of the system is calculated. When chaos appears, two control schemes of
adaptive control and nonlinear feedback control are presented, respectively, to verify the pro-
posed control schemes by using Lyapunov stability theory. In addition, the controller design
scheme is discussed when some parameters are unknown. By constructing Lyapunov function, it is
proved theoretically that three schemes can make the system asymptotically stable. Finally, three
control schemes are simulated numerically.
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Figure 1. Diagram of single machine infinite bus system
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Figure 2. The bifurcation diagram and Lyapunov exponents diagram for @, =0.5
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Figure 3. The bifurcation diagram and Lyapunov exponents diagram for @, =1
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Figure 4. The bifurcation diagram and Lyapunov exponents diagram for @, =2
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Figure 5. Different dynamical behaviors with the change of parameter a
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Figure 6. The phase diagram and time series analysis diagram of the system
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Figure 7. Phase diagram and the time series analysis diagram of the system
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Figure 8. Phase diagram and the time series analysis diagram of the system
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