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Abstract—This work presents a comparison of three techniques
for parameter estimation of the induction machine dynamic
model. The first estimation method is based on measurements
with the rotor at standstill while several single phase voltage
sources are applied at different frequencies. The second method
is based on obtaining the instantaneous measurements of voltages
and currents during a direct start-up in no load or load condition.
To validate the results obtained in each one of these tests,
conventional estimation methods are applied to a wound rotor
induction machine, according to international standards. The
estimation methods are verified using simulations. The obtained
results will allow to analyze the accuracy of both methods, and
their applicability in industrial environments. The analysis shows
the practical conditions where each one of these methods can be
applied successfully.

I. I NTRODUCTION
For decades, the parameter estimation of the dynamic and
static model for induction machines has been a topic of great
importance [1], [2], [3], [4], [5]. A proper knowledge of the
machine’s parameters can be used to adjust angular speed,
electric torque or rotor position, by means of scalar or vector
controllers [6]. The machine’s model also allows the efficiency
estimation of its operation and can also be used to diagnose
factory defects, misalignments, dynamic or static eccentricities
or incipient faults [7], [8].
Several techniques have been developed for parameter estimation of the induction machine. Some of these methods
require the use of laboratory facilities with high precision
equipment for electrical (voltage, current, power) and mechanical (torque and speed) measurements [9], [10]. Other methods
perform the parameter estimation using information from the
nameplate and simple electrical tests . It is also possible to
estimate parameters when the machine is at standstill [11], by
applying controlled voltage sources at different frequencies or
by recording the instantaneous measurements of voltages and
currents when the electromagnetic drive is in the process of
start-up [12].
Each estimation method has different accuracies and scopes,

for this reason it is necessary to make a comparison of
these methodologies in order to define their specific use. The
parameter estimation obtained by tests with rotors at standstill
condition, when applying different frequencies to the stator,
and those obtained during a start-up of the induction machine
(independently of the load condition) will be compared. The
basis of comparison between these two methods would be
the application of conventional tests according to international
standards (stator and rotor resistance measurements, no load
test, blocked rotor test, operation at rated power, etc) [13].
All of this work will be applied to a wound rotor induction
machine because in this electromagnetic converter the stator
and rotor parameters can be determined with a high precision.
Each one of the estimation methods have their own advantages and disadvantages. This work describes the practical
conditions for using each method.
II. DYNAMIC M ODEL OF THE I NDUCTION M ACHINE
A. Coordinate system
There are different coordinate systems (frames), used to
describe the behavior of the induction machine. In particular, if
the target is the parameter estimation of the induction machine,
probably the stator reference frame is the best choice because
the instantaneous stator voltages and currents are directly
measured.
Even when natural, or primitive coordinates, (a, b, c), represent the simplest induction machine model, the complexity
of the expressions obtained in this frame reduce their practical
application. Nevertheless, some special conditions such as
saturation or internal imbalances, require the use of natural
coordinates [14], [15]. The need to transform to uncoupled
machine models is critical in obtaining practical interpretation
of results, and to perform proper control actions needed by
highly dynamic processes. Since the 800 s, the space vector
transformation is often used to represent the induction machine
dynamic regime [6], [16], [17], because space vectors have the
advantage of synthesizing sinusoidal time-varying magnitudes

(voltage, current, linkage fluxes) in a vector whose magnitude
and phase vary over time, and uncouple the machine equations.
For example,
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where the coefficient 2/3 in (1) is adopted to keep constant
the active power in both coordinate systems [16].
Fig. 1: Reduced parameters, dynamic induction machine
model - Γ[11]

B. Space vector model
The induction machine model in space vectors, referred to
the stator reference frame can be expressed as,
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III. PARAMETER E STIMATION
A. Standstill method
The standstill method, described in [11] is based in the
application of voltage sources at several frequencies between
two phases of the induction motor. Feeding stator phases a
and b of an induction machine, with the rotor at zero speed,
results in the steady state equivalent circuit shown in Fig. 2.
Peretti’s paper [11], considers an induction machine model
including saturation effects, but this work deals only with its
linear behavior.
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C. Reduced parameters model - Γ model

Fig. 2: Steady state induction machine model with reduced
parameters, Γ model [11]

The dynamic induction model expressed in (2) has five
parameters (Rs , Rr , Ls , Lr and Msr ). A reduced model [6],
with only four parameters can be obtained by defining the γ
coefficient as as shown in Fig. 1,

By applying a DC voltage source (ω = 0) to the steady state
circuit shown in Fig. 2, the resistance Rs is directly obtained
as:

γ≡

Msr
1
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If a high frequency voltage V (ωh ) is applied between
phases a and b, the input impedance Za (ωh ) is,

then,
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The inductance Ls −γMsr is directly obtained from (6) and
(7). The value for Rr γ 2 , in (6), computed using Rs obtained
from (5), is at high frequency ωh , and its value is a bit higher
than the real value at low slips. However, this value could be
useful during a direct start up.
Ls − γMsr =

When a very low frequency ωl is applied between stator
phases a and b, the skin effect in the rotor resistance can be
neglected (ωl ≈ sn ωsn ), and the voltage across Rr γ 2 , is,
VRr γ 2 = Va − [Rs + jωl (Ls − γMsr )] Ia

(8)

The rotor resistance Rr γ 2 is,
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The rotor resistance Rr γ 2 obtained from (9) is more precise
in the operating range than using (6) because at ωh  ωsn the
skin effect in rotor conductors affects this parameter, especially
when considering double squirrel cage rotor or deep bars.
To estimate γMsr , a DC current IDC is applied to the
stator winding. Before this current reaches a constant value,
the stator voltage is short circuited at t = 0. Integrating the
electromotive force ea = va (t) − Rs ia (t), the stator flux
linkage λa is obtained as,
ˆ∞

ˆ∞
(va (τ ) − Rs ia (τ )) dτ = −Rs

λa (0) =
0

ia (τ ) dτ (10)
0

Remembering that λa (0) = −Ls ia (0), when ir = 0,
´∞
Rs 0 ia (τ ) dτ
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ia (0)

(11)

From (7) and (11), γMsr can be obtained as,
γMsr = Ls − (Ls − γMsr ) = Ls −

=m {Za (ωh )}
ωh

(12)

B. Start-up method
The Γ- induction machine model (4) results in the following
stator and rotor equations,
vs = Rs is + Ls pis + γMsr pisrγ
0 = Rr γ 2 isrγ + γMsr (p − jω) is + isrγ
The rotor current
flux λs as,
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where zin meas (k) is the instantaneous input impedance measured during the start-up of the induction machine. A better
performance can be achieved when the stator resistance Rs is
directly measured and an optimization algorithm with restrictions is used [12].
C. Standard IEEE method [13]
In the IEEE Std. 112-2004 [13] there are four methods for
the parameter estimation of the induction machine model in
steady state. These methods are based on the classic no load
test to estimate the magnetizing circuit and the blocked rotor
test to estimate rotor resistance and leakage reactances. The
methods in [13] consider several blocked rotor frequencies to
improve the results in different operation conditions. Method 1
is used in this work for the parameter estimation of the
induction machine model. In this method the blocked rotor
test is performed at rated frequency and with a frequency 25%
lower than the rated one. The rotor resistance obtained at rated
frequency gives a good aproximation for the starting operation,
and the low frequency test matches the performance near rated
operation.
The blocked-rotor test requires simultaneous readings of
voltage and current in all phases, and of power input at
several voltage levels. These measurements need to be done
near nominal current conditions. Rotor resistance and leakage
reactance are obtained using the following equations [13],
q
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Replacing (15) in (13) and (14) the vs voltage is,
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The instantaneous input impedance zin results from dividing
vs by is ,

(17)

Equation (17) can be used to find parameters Rs , Rr γ 2 ,
γMsr and (Ls − γMsr ), by optimizing the following least
square function,

can be obtained from the stator linkage
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where X1 and X2 are the leakage reactance of the stator and
rotor respectivelly.
X1 =

The following algorithm is used to solve equations (21) to
(23),
1) Solve (21) for Xm , considering a typical value of X1/Xm
and X1 , for example X1/Xm ∼ 0.0333 and X1 ∼ 0.1 pu.
2) Solve (22) for X1L , using the value of X1/Xm considered
in the step 1.
3) Solve (23) for X1
4) Solve (21) for Xm , using the new value for X1 obtained
in step 3 and the ratio of X1/Xm from (21).
5) Continue to step 1 until the parameters Xm converge to
solution.
After the convergence,
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A. Estimation at standstill condition
A voltage behind reactance model of the induction machine [20] was implemented in MATLAB-SIMULINK R . This
model can evaluate the machine variables at any operational
condition (standstill, imbalance and using a voltage source
with frequencies in the range from DC to high frequency).
Fig. 3 shows parts of the SIMULINK diagram for modeling
the induction machine. The MATLAB function fcn, in 3b, is
a script with the induction machine equations required by the
voltage behind reactance model.

(26)

2

where Pcore is the total core loss.
Finally, the rotor resistance from the blocked rotor test can
be obtained as,

R2L =
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TABLE I: Parameters of the induction machine for simulation

X1
X2

2 

2
X1L
Rm

(a) Simulation of each induction machine winding


(27)

In equations (21) to (27), the coefficients (X1/X2 ) must be
obtained from NEMA MG 1-2014 [18] and is 1.0 for motors
with design A and D, 0.67 for design B and 0.43 for design
C.
Resistances must be referred in any case to the operational
temperature using the following relation,
RT 2
C + T2
=
RT 1
C + T1

(28)

where C is 234.5 for copper alloy and 225 for aluminum
windings.
The parameters of the induction machine, derived with IEEE
Std 112-2004 [13] can be used to obtain the Γ model shown
in Fig. 2.
IV. R ESULTS
The methods are compared by simulations, using the parameters for a 3 HP , 220 V @ 60 Hz, 1710 rpm induction motor
[19]. The parameters estimated for this machine are shown
in Table I. The induction machine parameters were obtained
using the three methods described in section III.

(b) Evaluation of the induction machine model

Fig. 3: Voltage behind reactance SIMULINKr model
B. Estimation using optimization
Dynamic simulations were done using these machine parameters obtained by the estimation methods considered in
this paper. Fig. 4 shows the data obtained during a start-up of
the induction machine using the parameters given in Table I.
A simulation of the direct start up of the induction machine
generates the data used by the optimization algorithm. This
optimization assumes knowledge of the stator resistance Rs ,
and the parameters obtained with this method are shown
in Table II. The algorithm was restricted using upper and
lower bounds: 0.005 < Rr < 0.1, 1.0 < Msr < 3.5,
1.01 < Le , Lr < 3.7. The start-up was simulated in the

TABLE II: Results obtained with the different estimation
methods analyzed
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Fig. 4: Simulating data obtained using parameters given in
Table I

no load condition, considering mechanical losses. The total
impedance error Ψ obtained using 3000 data points was
1.5717 × 10−7 in 59 iterations, during 1.3 s, using function
f mincon with the interior − point optimization algorithm
available in MATLABr(2013).
C. Results using IEEE-Std 112(2004)
The results obtained using IEEE-Std 112 are shown in Table
II and considers Ls = Lr , with direct measurement of the
stator resistance Rs and a per unit convergence error below 1×
2
10−6 . The error function is Ψ = (Xm (n) − Xm (n − 1)) +
2
(Xs (n) − Xs (n − 1)) .
V. C ONCLUSION
Three estimation methods of the induction machine were
compared in this paper. The standstill method is based on
applying high and low frequencies as well as DC between
two stator phases. The second method uses a start-up of

the induction machine, at any-load, and the parameters are
obtained with a non linear optimization using the dynamic
space vector model. The last one is the conventional IEEE
Std. 112, based on no load and blocked rotor test. The error
obtained using detailed simulations and the dynamic model
of the induction machine are below 1%, for the analyzed
methods.
Each method has advantages and disadvantages. The IEEE
Std. 112 method requires a complete laboratory facility to be
performed, especially if low frequencies are used to improve
the rotor resistance estimation. The optimization procedure is
easy to implement in an industrial environment and is non
intrusive. The standstill method is practical for machines with
programmable power electronics drives because the need to
feed the machine at rest with a single phase source at different
frequencies.
The best method for efficiency determination and predictive maintenance in industrial environments is the parameters
optimization during start-up. For robust controllers of the
induction machine, the standstill method is very easy to
perform before the start-up. IEEE Std. 112 is recommended
for use on machine factories, prototypes evaluation or research
in machine design.
At present, the authors are working in the experimental
validation of the results obtained with the parameter estimation
using the dynamic model of the induction machine.
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