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Abstract

A model of the three node power system proposed by Rajesh and Padiyar [Electr. Power Energy Syst. 21 (1999) 375] is studied. As the
bifurcation parameter P,, (input power to the generator) is changed, the system including the effects of the non-linearity exhibits complex
dynamics emerging from static and dynamic bifurcations which link with the system collapse. The analyses for the model exhibit dynamical
bifurcations, including three Hopf bifurcations, cyclic fold bifurcations, torus bifurcations and period-doubling bifurcations, and complex
dynamical behaviors, including periodic orbits, period-doubling orbits, quasi-periodic orbits, phase-locked phenomena and two chaotic
regions between two Hopf bifurcations, i.e. in the ‘Hopf window’ and intermittency chaos. Moreover, one of the two chaotic regions results
from period-doubling bifurcations, and another results from quasi-periodic orbits emerging from a torus bifurcation. Simulations are given to
illustrate the various types of dynamic behaviors associated with the power system collapse for the model. In particular, we first shown that
the oscillatory transient may play a role in the collapse, and there are different critical points for different dominated state variables. Besides,
the hard-limits and increases of the damping factor widen the feasible operating region of the power system, and prevent the torus bifurcation
to occur so that some complex dynamical phenomena can be inhibited.
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1. Introduction

Rajesh and Padiyar investigated dynamical phenomena
of the ‘two-axis model’, the ‘one-axis model’ and the
classical model for power systems in Refs. [16,17]. In
the choice of bifurcation parameters, they indicated that the
reactive power demand at the load bus as a bifurcation
parameter is unrealistic and cannot characterize a wide
range of operating conditions. Hence, they took input power
to the generator (P,,), the constant real and reactive powers
of the motor (P, Q,,;) and the reference voltage to the AVR
(Ver) as the bifurcation parameters, and found out the
conditions leading to chaotic behaviors. In particular, they
gave a comprehensive study of bifurcations for two-axis
model, and also found a torus bifurcation resulting in the
emergence of quasi-periodic solutions after a torus bifur-
cation (TR) induced by a Hopf bifurcation(HB) (corre-
sponding to TR> and HB* here) for the one-axis model.
However, there are still no detail analyses on the one-axis
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model. In particular, some important behaviors involving
phase-locked phenomena and chaos are not given in Ref.
[17]. Therefore, Section 4 in this paper aims to investigate
the dynamical behaviors emerging from dynamic bifur-
cations for one-axis model in details. Specifically we first
present sustained oscillations and the two chaotic regions
via period-doubling and quasi-periodic routes, and show
phase-locked phenomena in which the quasi-periodic orbit
becomes a complex periodic orbit. Moreover this paper
indicates that global dynamic phenomena are drastically
affected by the bifurcation parameter P, and the state
variables dominating system behavior are different at
different critical points. In Section 5 of this paper, the
effects of the damping factor on the system are considered.
When the damping factor is greater than some value, the
Hopf bifurcation and the torus bifurcation will be inhibited
so that the complex behaviors resulted from the
bifurcations can be prevented. However, this role of the
damping factor is not as drastic as that of machine damping
reported in Ref. [19].

To tackle the problems of voltage stability, the power
industry utilizes an emerging control to set the control gains
of the excitation voltage profiles and faster voltage
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