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A model for induction motor aggregation for power system studies

P. Pillay »*, S.M.A. Sabur ®, M.M. Haq"®

# Department of Electrical and Computer Engineering, Clarkson University, Box 5720, Potsdam, NY 13699-5720, USA
® Department of Electrical Engineering, University of New Orleans, New Orleans, LA 70148, USA

Received 8 November 1996

Abstract

This paper proposes a new model for aggregating a group of induction motors for system studies. The aggregation method
developed here is based on the transformer-type variation of the equivalent circuit. A grouping criteria is used to classify
homogeneous motors into different groups. The validity of the proposed method is verified by comparing the results obtained
from the aggregate motor with the sum of the individual motors. © 1997 Elsevier Science S.A.
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1. Introduction

The simulation of a large group of induction motors
for system studies can be time consuming. In order to
reduce the computation time, reduced order modelling
is used to represent a group of motors with one or more
aggregate motors. The accuracy of the results obtained
from the aggregate motors depends in part on the
assumptions made in the derivation of the aggregate
motor and varies from method to method. This subject
of the aggregation of induction machines for system
studies has received a fair amount of attention in the
literature [1-6].

In [1], to develop an aggregation model the approxi-
mate equivalent circuit is used with stator resistance
being neglected. In the derivation of the model, the
basic assumption is of power invariance between the
aggregate motor and the sum of the individual motors.
Since the skin-effect has a strong influence on the
performance of induction motors, in [2] the equivalent
circuit is represented by seven electrical parameters
instead of five. In [3], the motor parameters are calcu-
lated from standard specifications which, together with
network and load data, are incorporated into an admit-
tance matrix. The inertia and running slip are chosen to
minimize the error between the transient response of
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the system and its equivalent. In [4], the unknown
parameters of the equivalent motor are estimated
through a weighted-least squares procedure. In [5],
Thevenins theorem along with selected characteristics
of the induction machine are used in the calculation of
the parameters of the equivalent machine. In [6], a
fictitious impedance is introduced to convert the simple
equivalent circuit into a circuit with parallel elements
only.

In this paper, a transformer-type equivalent circuit
[7] is used to represent an induction motor. Five motors
are used in the current work to obtain the aggregate
motor. Results from the aggregate motor are compared
with that obtained from the sum of the individual
motors.

2. Development of the transformer-type equivalent
circuit model for the induction motor

Usually induction motors are represented by the
conventional equivalent circuit model in Fig. 1. But in
this paper, an alternative type of equivalent circuit,
called the transformer-type equivalent circuit, is used as
shown in Fig. 2.

The two circuits are equivalent to each other. The
parameters of the two circuits are related in the follow-
ing way:

Z[I=Z| +Zm (2])







