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ABSTRACT: In order to deeply investigate the internal
mechanism of a finding that induction motor group (IMG) load
may likely cause electromechanical power oscillation in power
system, firstly, a linearized state space model of the power
system with IMG load was established and the stability
analysis was carried out based on it. Theoretical research shows
that when the IMG load is composed of multiple identical or
similar induction motors (IMs), the induction motor oscillation
modes (IMOMs) of the system can be divided into two
categories according to their positions on the complex plane:
coincident or approximately coincident oscillation modes, and
an independently distributed oscillation mode, i.e., independent
IMOM. Then, a prediction index was proposed to predicate the
moving direction of the independent IMOM with the change of
the number of IMs. Thus, the damping level of the power
system can be evaluated. Finally, the above theoretical analysis
was verified by the IEEE 3 generators 9 nodes test system.
The simulation results show that when the independent
IMOM enters the unstable region on the complex plane,
electromechanical power oscillation in the power system
will be induced and the load bus node voltage may drop
sharply.

KEY WORDS: induction motor group load; dynamic

interaction; power system; electromechanical power oscillation
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Induction motors (IMs) are the most typical and
representative dynamic loads in the power system.
Importance of IMs in the study of power system dynamic
stability was well demonstrated by intensive studies for
large-scale power accidents occurred since 1980s, such
as Swedish grid voltage collapse in 1983 and North
American WSCC system blackout in 1996, etc. So far,
researches on the power system instability caused by
IMs mainly focus on two aspects, i.e., voltage instability
and power system angle instability, and have made many
significant achievements. However, there are still lots of
problems that cannot be solved effectively.

In a power system, the number of IMs can be
massive. It is necessary to study the effects of the overall
characteristic of those IMs on power system stability. In
this paper, a group of multiple IMs operating in parallel
are defined as the induction motor group (IMG) load.
This paper reports and investigates the finding that IMG
likely
oscillation in the power system. It is found that when the

load may cause electromechanical power
IMG load is composed of N identical or similar IMs, the
N induction motor oscillation modes (IMOMs) of the
system can be divided into two categories due to the
strong dynamic interaction between the N motors. An
IMOM IMOM, Ay
independently located on the complex plane and affected
by the number of IMs, N. The other N—-1 IMOMs

coincide or approximately coincide with each other

named as independent is

which are collectively named as coincident or

approximately coincident IMOM, Ay,. In order to

investigate the influence of the number of IMs on the

independent IMOM, a predication index d is proposed

to predicate the moving direction of Ay with the increase
of N. The index is presented and explained as follows.

A=A =(N-Dd=(N-1V'A Vv (M)

The predication index can be calculated when there

is only one induction motor on the load bus, so the

calculation burden is not very heavy. The moving

direction of the independent IMOM on the complex

S2

plane with the increase of N depends on whether the real
part of the index Real(d) is positive or negative. Analysis
show that if Real(d)>0, the independent IMOM will
continue move towards the right on the complex plane
with the increase of N, leading to the damping
degradation of the power system. When the independent
IMOM enters the unstable region in the worst case,
electromechanical power oscillation will be induced and
the load bus node voltage may drop sharply.

As depicted in Fig. 1, 4, indicates the position of
IMOM when N=1. /?tN is the corresponding mode to
Ay when the dynamic characteristic of external grid is
considered. Simulation results show that the independent
IMOM, Ay moves towards the right with the increase of

N and starts entering the unstable region when N=7.
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Fig.1 Modal trajectories when the number of IMs N increasing

The time domain simulation result given in Fig.2
shows that when the independent IMOM is negatively
damped (N=9), electromechanical power oscillation

occurs in the power system.
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Fig.2 Time domain simulation results



