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Abstract
Induction motor stalling is one of the important reasons for voltage collapse. This paper presents that, for induction motor stalling
diagnosis, it is not necessary to use a third or ﬁrst order dynamic model of induction motors. Instead, a method is presented based on
algebraic calculations for which the steady state model of the induction motor considering diﬀerent kinds of mechanical loads (constant
and variable torque) is added to the power ﬂow equations. Simulation results for a simple system conﬁrm the correctness of the proposed
method as compared to dynamic simulation results.
Ó 2007 Elsevier Ltd. All rights reserved.
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1. Introduction
As power systems are increasingly operating under
heavy loads, voltage stability becomes a critical concern.
Since long term voltage instability that causes slow voltage
collapse is directly related to power system loadability,
many research projects have been performed to increase
system loadability [1–4]. Also, optimum load shedding, as
a preventive/corrective control for voltage stability, is usually calculated based on loadability level [5]. When the
loads behave as constant power (for example, due to tap
changer action), voltage collapse occurs only if the load
values are larger than the power system loadability. When
a disturbance occurs, loadability decreases, and computation of the new loadability is very important. This is why
many papers have been presented on fast computation of
loadability [6–8].
One more reason for voltage collapse is induction motor
stalling that causes fast voltage collapses. In voltage stabil-
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ity studies, induction motors are sometimes modeled as an
exponential recovery dynamic load [9], and it is generally
assumed that the steady state behavior of an induction
motor is as constant power. This assumption implies that
motor stalling (and voltage collapse) does not occur until
the power drawn by the motors have been more than the
system loadability, but motor stalling can occur before system loadability is exceeded. In Ref. [10] the reason for
motor stalling has been presented. When the motor voltage
decreases, the motor maximum torque is also reduced, and
if the mechanical load characteristic of the induction motor
is as constant torque, it is probable that there is not any
intersection between the motor and load characteristics.
In this case, motor stalling and voltage collapse ﬁnally
occurs. A similar condition can also happen when a variable torque load is used. If the intersection is after critical
slip, the speed and voltage may become very low, and the
induction motor will be disconnected by protective systems. The exponential recovery model can not indicate
these phenomena because it employs separate equations
for real and reactive power without any coupling between
them [11,12]. On the other hand, in steady state conditions,
a constant power model for induction motors may be

