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Abstract

This paper describes an automatic identification procedure for an induction motor. The transfer function of the motor at
standstill is used to obtain a linear parametric model. An on-line parameter estimator is then derived from this model. In the
implementation of the proposed estimator, a PI current controller is constructed to stabilize the current signal and to prevent the
flux from saturation. An experiment with an input that is persistently exciting verifies the theory of the proposed estimator and

demonstrates its usefulness in industry applications.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Recently, many researchers have developed high
performance AC drives for the induction motor (IM)
in accordance with critical industrial demands. With
such a drive, a fast dynamic response of induction
machine can be achieved by the field-oriented control
(FOC) (Vas, 1996). The FOC techniques demand a good
motor parameter knowledge to find an effective
decoupling between motor torque and motor flux
actuating signals (Belini, Figalli, & Cava, 1985). Only
when this decoupling is guaranteed, the FOC techniques
can be applied for critical demands.

The classical procedures to identify the electrical
motor parameters are no-load and/or locked rotor tests.
However, they are not automatic estimation, which is
nowadays the main demand for a standard AC drive
(Vas, 1993). The automatic measurement procedure
must be simple, user friendly, and the accuracy on
measured parameters comparable to that obtained from
classical test procedures; and not need mechanical-
locking of the shaft or load-disconnecting (Aiello,
Cataliotti, & Nuccio, 2002). Thus, a practical inverter
system containing a parameter identification scheme has
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been a trend in drive technology as long as it allows the
automatic set-up of the control system (self-commis-
sioning) (Khambadkone & Holtz, 1991).

The most popular methods for automatically identi-
fying the parameters of an IM are to force the motor to
be at standstill, i.e., to give two of three phases the same
voltage so that only a single phase is excited. There is no
net torque acting on the rotor and the rotor speed is
then zero when the motor is at standstill.

Many researchers have dealt with the identification of
the IM parameters while the motor is at standstill.
Willis, Brook, and Edmonds (1989) proposed a model
fitting method using frequency-response data. The
maximum likelihood method was used by Moon and
Keykani (1994) and Karayaka, Marwali, and Keyhani
(1997). This method requires several steps in the
estimating process. On the other hand, the current-loop
tests proposed by Rasmussen, Knudsen, and Tonnes
(1996) also divide the process into three steps. The above
methods still do not meet the automation requirement.
An attractive way is to develop the estimation method
from the transfer function of the IM model at standstill.
The continuous transfer function or the discrete transfer
function of an IM at standstill has been utilized. Peixoto
and Seixas (2000) developed a recursive least (RLS)
estimating method from the continuous transfer func-
tion, while Michalik and Devices (1998) and Barrero,
Perez, Millan, and Franquelo (1999) derived a RLS
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method from the discrete transfer function. The
continuous transfer function was also used by Couto
and Aguiar (1998) to develop a step-response model
fitting method. A more moderate estimating method was
proposed by Buja, Menis, and Valla (2000). They
presented a method based on the model reference
adaptive system (MRAS). This method is derived from
state-space equations of the IM model. Although it is an
on-line method, the knowledge of the torque constant is
required in advance.

In this paper an on-line estimator to determine stator
resistor, rotor resistor, stator inductance, and mutual
inductance is proposed, which also requires the transfer
function of the motor at standstill. This is an analytic
method that ensures the convergence of the identifica-
tion procedure. Actually, the theory of the proposed
estimator is a basis for adaptive control. Thus, the
estimator is easily implemented on a FOC control
system of AC drives. A persistently exciting input signal
required by the estimator is also suggested. Further-
more, a feedback current control loop is added in the
implementation of the estimator and then the persis-
tently exciting voltage signal is generated by the feed-
back current control loop to constrain the current under
rated value. The verification is performed by a V/F
speed control of the IM. Two curves of measured and
computed current are presented to validate the correct-
ness of the estimated parameters.

This paper is organized as follows. Section 2 reviews
the model of the induction motor at standstill. The on-
line parameter estimator is derived in Section 3. Section
4 addresses the experimentation. Finally, Section 5
draws conclusions.

2. Model of an induction motor at standstill

The mathematical model of an induction motor in a
stator-fixed frame (o, /) can be described by five
nonlinear differential equations with four electrical
variables [stator currents (iy,ig,) and rotor fluxes
(¢4 @p)]; @ mechanical variable [rotor speed (w)], and
two control variables [stator voltages (uu,ugs)] (Vas,
1996; Novotny & Lipo, 1996) as follows:
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where R; and R, are the stator and rotor resistance, L,
L,, and L,, are the stator, rotor, and mutual inductance,
B and J are the friction coefficient and the moment of
inertia of the motor, p is the number of pole-pairs.
Furthermore, 7, = L,/R, is the rotor time constant and
the parameters used in (1)—(5) are defined as 6 =1 —
L2 /(LiLy), K = Ly/(cLiL,), as=1/(cL;), and 7=
R,/(cLg) + R.L2, /(g L,L?).

Now, consider the IM at standstill, i.e., the IM is
controlled to produce zero torque, so that the motor is
at standstill with @ = 0. This can be achieved by
magnetizing the IM in the pf-axis. Under such a
circumstance, uy;, iy, and ¢, are all zero. This can be
seen by substituting POPg, in terms of @y, iy, and @,
obtained from (1), into (3) and letting u,, = 0, which
implies i, = ¢,, = 0. Thus, it follows from (1)—(4) that
the model of an IM at standstill consists of only the state
space equations along the f-axis:
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Taking Laplace transforms of both sides of (6) and (7)
and then substituting the result of (6) into that of (7), the
transfer function of the present system is obtained as
follows:
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where
a; = (RyL, + R.Ly) /(6 LsL,),
ap = RSRI'/(O'LrLs)a
bl = 1/(0LS)5
bo = R,/(oL,Ly). ©)

These four parameters will be identified by an on-line
parameter estimator described in the next section.
Although (8) is reported in the earlier works (Barrero
et al., 1999; Peixoto & Seixas, 2000; Couto & Aguiar,
1998), this paper develops an on-line estimator, which is
different from the estimating methods in these earlier
works.

3. On-line parameter estimator

To derive an on-line parameter estimator, the transfer
function (8) should be transformed to a linear para-
metric model. Since the system is second-order, it needs
a second-order filter for the transformation. It is,
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