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ABSTRACT

This paper deals with the parameter identification of induction machine rotor and stator windings. These two magnetically coupled circuits are described and analyzed 
to explain the novel method that can identify the set of substitute parameters (not equivalent circuit parameters) which can be used for some analysis of transient 
processes in a stationary induction machine. The parameters are: inductive leakage factor, substitute rotor resistance, substitute rotor inductance, and substitute 
mutual inductance. The method belongs to the group of so-called off-line methods, i.e., it is performed on a machine in a standstill, and it assumes a star-connected 
induction motor. The correctness of the method is verified by calculation as well as by measurement. Moreover, the practical use of the method is shown in an example 
of how to determine the rotor winding temperature rise, and the results of the measurement on an induction motor with a power of 0.75 kW are presented. The 
method can be performed even when the rotor circuit is hidden inside the completely closed rotor construction, as in the case of a squirrel cage induction motor, i.e., 
without access to the rotor circuit.
Index Terms—Induction machine, parameters identification, temperature rise measurement
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I. INTRODUCTION

Many papers deal with the identification of rotor winding parameters in induction machines [1-4].  
Transient phenomena in electric machines were studied very carefully [5-10] and nowadays 
this topic still remains the focus of many researchers [11-15]. The main aim is to predict sudden 
short circuit currents, predict losses in machines, or predict additional straining of the machine. 
Several methods are usually used to calculate the machine’s transient behavior. Models with 
lumped circuits are very common [16]. The analytical solution often omits winding resistances 
and uses the principle of constant magnetic flux according to Lenz’s law [8]. The subtransient 
reactance is calculated when the magnetic flux in windings remains constant. However, the mag-
netic field distribution in the calculated machine is complicated. Direct calculation with the finite 
element method is possible but it is difficult and time-consuming [17]. Calculation programs 
to save time were developed [17-20]. The method to calculate the stationary inductances and 
equivalent circuit voltages newly implemented in FEMAG yields very good results [21]. (FEMAG is 
an interactive program that has been developed at ETH Zurich since 1982.)

Gained parameters of the induction machine may be used in different cases, ranging from test-
ing of an induction machine, across diagnostics to control of an electric drive [22-24]. However, 
it is possible to estimate a set of substitute parameters, i.e., not real parameters, which have the 
property that a transient process in a braked motor with the substitute parameters gives the 
same response to some excitation as the braked motor with real parameters. In practice, it is 
required to measure the warm winding resistance and then to commonly calculate its tempera-
ture rise [25], especially in electric vehicles supplied by batteries under low voltage and higher 
current [26]. However, access to the winding is necessary. It is difficult, or mostly impossible, in the 
case when the temperature of a squirrel cage rotor of an induction motor should be measured. 
Therefore, a practical method to gain the rotor-winding temperature is to usually estimate the 
difference between the stator and rotor-winding temperature. In addition, some papers present-
ing different methods of rotor temperature or temperature rise estimation have already been 
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published. The paper [27] describes the electrical model of an induc-
tion motor combined with the thermal one, and the precise calcula-
tion of the temperature rise in a locked rotor is obtained. Thermal 
models are used for rotor temperature estimation quite often [28, 
29]. Two superheterodyne receivers combined with MRAS are used 
to estimate squirrel-cage rotor temperature in [30]. The rotor tem-
perature is calculated from the rotor resistance determined by signal 
injection in [31] and [32]. The paper [33] summarizes that all these 
methods can be divided into two groups—thermal model-based 
methods and parameter-based methods.

The method presented in this paper belongs to the second group, 
which is based on the determination of substitute parameters of the 
induction machine. We present an easy method for measuring of the 
temperature rise in the rotor winding of the induction motor in a 
standstill without any access to the rotor.

II. IDENTIFICATION OF SUBSTITUTE PARAMETERS

A. Problem Definition
Let us turn our attention to the induction machine stator and rotor 
windings. They are mutually magnetically coupled, so the rotor 
winding parameters influence the transient processes in the stator 
winding. However, the rotor winding is hidden in the rotor construc-
tion. One possible set of sought-after electromagnetic parameters 
of an induction machine, which is usually used, consists of the sta-
tor and rotor-winding Ohm resistance, stator and rotor-winding 
self-inductance, mutual inductance, and inductive leakage factor. 
Determining the stator parameters is generally a problem-free task. 
However, obtaining the other parameters accurately without access 
to the rotor circuit brings difficulties in general. Fortunately, some 
practical issues do not require knowing the rotor resistance and 
rotor inductance separately or independently. Thus, the question 
can be stated: Is it actually somehow possible to determine the rotor 
parameters in an exploitable form accurately without access to the 
rotor circuit? This chapter deals with this task.

B. Mathematical Model for Transient Processes
For the description and analysis of a transient process when a volt-
age step us = 1∙Us is applied to the stator winding of the still-standing 
machine, the following equations can be used:
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(1) and (2) are not the equations describing an induction motor as 
a whole. They are the equations describing the relation between 
one phase of the stator and the short-circuited squirrel cage rotor 
winding of a three-phase still-standing induction motor. The stator 
and rotor circuits have only magnetic coupling, and their parame-
ters can be expressed only with stator self-inductance Ls, rotor self-
inductance Lr, mutual inductance M, stator resistance Rs, and rotor 
resistance Rr.

The system of (1) and (2) can be solved with the help of the Laplace 
transformation [34-36]. The transformed equations are then
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Let us calculate the Laplace transformation of the stator current Is(p) 
([34, 35])
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The unknown parameters of an inaccessible rotor circuit in (5) are as 
follows:

• Inductive leakage factor σ between the stator and rotor windings 
[37-39]
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2

, (6)

• Self-inductance Lr and resistance Rr of one phase of the rotor 
winding.

• The time constant of the rotor winding

T
L
R

r
r

r
=  (7)

As the known parameters in (5) are considered:

• Self-inductance Ls and resistance Rs of one phase of the stator 
winding because they can be directly measured or calculated.

• Stator time constant 

T
L
R

s
s

s
=  (8)

A practical way to determine the stator resistance Rs is to perform 
the measurement with a DC voltage step on one phase of the sta-
tor winding and measure the current after a transient process is 
over [40].

The self-inductance of the stator phase coil Ls can be determined 
from a simple AC measurement during the manufacturing process 
when the rotor packet itself, i.e., without a cage (rotor winding), is 
input into the stator. A different method is to measure the three-
phase stator winding impedance when the rotor rotates at synchro-
nous speed. Because the resistance Rs is known, the three-phase 
stator inductance L1 can be obtained. Knowing that the inductance 
Ls equals 2/3 of the three-phase stator inductance L1 [41], Ls can be 
simply calculated.

The mutual inductance M can be calculated from the relation to the 
leakage factor σ according to (21), and the rotor time constant Tr can 
be obtained from (19), as shown and explained later.

C. Determination of the New Set of Parameters
To find the time function of the stator current is(t) from Is(p) in (5), the 
difficult inverse Laplace transformation of that expression must be 
performed. A common procedure is to find the solution in a list of 
Laplace transform vocabulary indexes [34-36].
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In our case, we use the Heaviside decomposition principle method 
[34], which solves the decomposition of (5) into partial fractions. 
After we use it, we find an identity between (5) and (9).
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To find the time function is(t), it is easy to use the inverse Laplace 
transformation of each partial fraction in (9).

We obtain the real stator current response is(t) to the voltage step 
using a Laplace transform vocabulary index as
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where constants p1, p2, p3 are the poles of the Laplace transform Is(p) 
in (5).

The pole p1 results from the denominator (5) directly, so p1 = 0. The 
remaining poles, p2 and p3, result from the quadratic part of the 
denominator and can be written in the form as follows:

p
T T T T T T

2 3

2
1
2

1 1 1
2

1 1 1
, � � �

�

�
�

�

�
� � �

�

�
�

�

�
�

�

�
�

�

�
� �

� � �s r s r s r
. (11)

Each pole p1, p2, p3 in (10) can be replaced with the time constant Tx, 
where x = 1, 2, 3, respectively. For p1 = 0, T1 → ∞. Poles p2 and p3 are 
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Constants A1, A2, A3 in (10) can be written according to [34] as
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Let us substitute p2,3 = a ± b in (11). When p
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The relationship between constants T2, T3, Ts, and Tr was calculated 
in [16] using the assumption that σ → 0. However, in our case, the 
leakage factor σ varies, so it can be higher than zero. Therefore, we 
shall use a more exact method to obtain the mentioned relationship.

Using (16), we have T2 and T3 exactly.
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Because Ts is known or can be measured, we obtain Tr from (17) as

T T T Tr s� � �2 3 . (19)

The crucial fact is that the rotor time constant Tr is valid for the same 
temperature as the time constants T2, T3, and Ts in (19).

From (17) and (18), we get for the leakage factor σ
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� �
�

� �
L L M

L L
M
L L

s r

s r s r

2 2

1 . (21)

We have derived the relations (17), (18), and (19) by use of the exact 
method for any leakage factor σ. We also have the possibility to cal-
culate σ directly from time constants T2, T3, Ts, and Tr, as can be seen 
in (20).

Let us see the Laplace transform Is(p) of the stator current in (5). An 
interesting determination from (5) can be expressed as follows:

• The Laplace transform of the stator current Is(p) in (5) is not a single-
valued function. The Laplace transform in (5) remains unchanged 
even if the rotor circuit has an arbitrary self-inductance Lrx, but it 
meets the condition of having the same time constant Tr = Lr/Rr 
and the same leakage factor σ as in the original case.

• When we arbitrarily change self-inductance Lr into Lrx, we must 
also change the resistance Rr into Rrx to ensure that the new set 
of rotor winding parameters has the same time constant Tr as the 
original one.

The rotor time constant Tr remains the same after a change of Lr and 
Rr when the substitute rotor resistance is calculated according to the 
following relation:

R
L
T

L
L

Rrx
rx

r

rx

r
r= = . (22)

It means that the ratio Rrx/Rr must be the same as the ratio Lrx/Lr.

A change of Lr into Lrx causes a change of the mutual inductance M 
into Mx. But the leakage factor σ must remain unchanged. Therefore, 
let us change Lr into Lrx and set it equal to Ls. Then, we get, accord-
ing to (21), the same σ as in the original case for the new mutual 
inductance.

M L L Lx s rx s� �� � � �1 1� � . (23)

Using this method, we can choose the self-inductance Lrx quite 
arbitrarily and find a substitute rotor winding. Let us call the substi-
tute parameters all the members of the new set with the changed 
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rotor winding parameters that have the same influence on the sta-
tor winding as the original one. The substitute parameters have the 
same influence on the current is(t) because its Laplace transform Is(p) 
remains unchanged.

We accurately identified the rotor parameters in the exploitable form 
of the set of substitute parameters, although the particular param-
eters Lr, Rr, and M are unknown, without access to the rotor circuit. It 
is sufficient to determine the stator parameters Ls and Rs that are not 
complicated to measure and calculate, as mentioned above, and two 
time constants T2 and T3. The determination of the time constants is 
described in Chapter III.

III. EXPERIMENTAL VERIFICATION OF IDENTITY BETWEEN THE 
ORIGINAL AND SUBSTITUTE SET OF PARAMETERS

To calculate the rotor time constant Tr (19), the determination of time 
constants T2 and T3 is necessary. How to determine them is described 
in this chapter. The measurement of an induction motor is described 
in Section IV.B.

A. Parameters Identification Experiment on Two Coupled 
Windings
We have used an experimental model to verify the method of creat-
ing the substitute rotor-winding parameters, which have the same 
influence on the stator winding as the original rotor winding in a 
standstill. The experimental model consists of two windings, each 
for 25 A, that behave like a transformer with an air gap. The primary 
winding is used as a model for one phase of the stator winding, and 
the secondary winding as a model for the short-circuited squirrel 
cage winding of an induction machine. The parameters of both 
windings are fixed and firmly given by the construction and the 
winding temperature. Both windings of the experimental device 
have only mutual magnetic coupling and can be described by (1) 
and (2).

The electrical scheme of the measurement is depicted in Fig. 1. Rs 
represents the stator (primary) resistance and Rr stands for rotor 
(secondary) resistance, which can be adjusted as needed. The pri-
mary side is supplied from the voltage source (capacitor battery) by 
voltage step us. Let us apply the voltage step us = 1∙Us = 1∙13.6 V. It is 
done by a transistor switch. The response, i.e., the stator current, was 
recorded with a digital electronic instrument L4532A Digitizer (16-bit 
ADC resolution) as is(t), and it is shown in Fig. 2. The voltage pulse was 
recorded as well.

According to (10), the waveform of the stator current is(t) consists of 
three components. The first component in (10) is valid for p1 = 0, and 
it is the steady-state component I∞. The second component of the 
current is the transient component (see Fig. 3).

i I i A Ap t p t
s s e e* � � � �� 2 3

2 3 . (24)

The transient component is a sum of two exponential curves that 
are shown in Fig. 4. (More precisely, it is a series of digital values that 
represents two exponential curves in Fig. 4 — red and black.) As 
already mentioned, constants p2 and p3 are negative, and they can 
be replaced by time constants T2 and T3, respectively. The decom-
position of the transient component is

* into two exponential curves 
was performed with the help of the function fit of the Curve Fitting 
Toolbox in MATLAB [42]. The decomposition algorithm requires both 
the input voltage signal and the current response. The decomposi-
tion is shown in Fig. 4 as well.

Fig. 1. The scheme of the measurement of two coupled windings.

Fig. 2. Step response of the stator current is(t).
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The known, measured, and calculated parameters of the experimen-
tal windings are taken down in Table 1.

The entire process is depicted in the flowchart in Fig. 5.

B. Results Verification
The results of the identification method need to be verified to 
ensure they are correct. Let us verify it using the following calcula-
tion. We expect that our system described by (1) and (2), param-
eterized according to Table 1 and excited with the voltage step 
us = 1∙Us = 1∙13.6 V, will result in the same waveform is(t) as the mea-
sured waveform in Fig. 2.

The calculation will be done numerically by the Runge-Kutta method 
on a computer. Equations (1) and (2) can be rewritten into the form 
that is suitable for this numerical calculation as
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For computer calculation, the matrix form of (25) and (26) would be 
better. Thus, let us write
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Fig. 3. The transient component of the stator current  
is(t), i.e., is

* = I∞ − is.
Fig. 4. Two exponential curves (black and red) make up the 
transient component is

* (blue).

TABLE 1. KNOWN, MEASURED, AND CALCULATED PARAMETERS OF THE 
EXPERIMENTAL WINDINGS. THE VOLTAGE STEP ON THE EXPERIMENTAL 
WINDING WAS APPLIED AT 20°C.

 Name Symbol Value

Known Voltage step Us [V] 13.6

Known stator resistance Rs [Ω] 2.543

Known stator self-inductance Ls [H] 0.0172

Obtained by 
current 
response 
decomposition 
(i.e. measured)

Measured time constant (decomposition) T2 [ms] 20.20

Measured time constant (decomposition) T3 [ms] 2.81

Arbitrarily 
chosen

Chosen substitute rotor self-inductance Lrx Ls

Calculated Stator time constant (8) Ts [ms] 6.76

Rotor time constant (19) Tr [ms] 16.25

Inductive leakage factor (20) σ [–] 0.517

Substitute rotor resistance (22) Rrx [Ω] 1.058

Substitute mutual inductance (23) Mx [H] 0.0119
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We do not use the rotor circuit parameters of the experimental wind-
ing because we assume that a real rotor of an induction machine 
is inaccessible. That is why the substitute parameters Rrx and Mx 
defined in (22) and (23) and enumerated in Table 1 must be used. 
When we use the substitute inductance Lrx instead of self-induc-
tance Lr, the substitute resistance Rrx instead of Rr, and the substitute 
mutual inductance Mx instead of M in (28)–(30), we get the current 
waveform depicted in Fig. 6.

When we compare the measured current waveform in Fig. 2 with the 
calculated one in Fig. 6, we can see that they are identical. Thus, the 
dynamic analysis can be performed with the set of substitute param-
eters obtained according to our method.

Let us repeat the winding substitute parameters once more:

• Arbitrary substitute rotor self-inductance Lrx = Ls.
• Substitute mutual inductance M Lx s� �1 � .
• Substitute rotor resistance Rrx = Lrx/Tr.

C. Another Results Verification
Another expressive comparison can be made. Let us use a similar 
way of calculating the step response as in Section III.B; however, for 
two different arbitrarily chosen rotor self-inductances Lrx = Ls (case 1) 
and Lrx = 2∙Ls (case 2). The chosen parameters, as well as calculated 
parameters Mx and Rrx for both cases, are stated in Table 2.

Step responses of both systems are depicted in Fig. 7. The waveforms 
are identical. Thus, it is apparent that the rotor self-inductances may 
be arbitrarily chosen, as was described in Section III.A.

IV. EXACT DETERMINATION OF INDUCTION MACHINE ROTOR 
TEMPERATURE RISE

The laboratory measurement of the machine-winding temperature 
is very important. This is because the lifetime of a machine depends 

Fig. 5. The flowchart of the process of substitute parameters 
identification.

Fig. 6. The calculated step response of the stator current when the 
identified substitute parameters are used (red curve). The blue curve 
is the measured step response, the same one as in Fig. 2.

TABLE 2. TWO DIFFERENT SETS OF SUBSTITUTE WINDING PARAMETERS

Name Symbol Case 1 Case 2

Voltage step U [V] 13.6 13.6

Known stator resistance Rs [Ω] 2.543 2.543

Known self-inductance Ls [H] 0.0172 0.0172

Stator time constant (8) Ts [ms] 6.76 6.76

Measured time constant 
(decomposition)

T2 [ms] 20.20 20.20

Measured time constant 
(decomposition)

T3 [ms] 2.81 2.81

Chosen substitute rotor 
self-inductance

Lrx [H] 0.0172 0.0344

Rotor time constant (19) Tr [ms] 16.25 16.25

Inductive leakage factor (20) σ [–] 0.517 0.517

Substitute rotor resistance (22) Rrx [Ω] 1.058 2.117

Substitute mutual inductance (23) Mx [H] 0.0119 0.0169
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very closely on the temperature to which the insulation material is 
exposed during its lifetime. Therefore, the heat-run test is one of the 
most important producer’s and client’s interests during the accep-
tance tests.

For the measurement of the rotor resistance, access to the winding 
is necessary. In the case of an induction motor with a rotor squirrel 
cage winding, access for the measurement of the rotor cage winding 
is complicated and, we can say, impossible.

A. Theoretical Determination of Rotor Temperature Rise with Use 
of the Proposed Method
It is mentioned in Section II.C that the real stator transient current 
is(t) response to the DC voltage step Us depends on three time con-
stants Ts, T2, T3, or three exponents p1, p2, p3. Because Ts is known or 
can be measured, we can obtain Tr from (19) in the cold state and in 
the warm state. All time constants depend on the temperature and 
on the magnetic flux. The influence of the time constants by mag-
netic flux decreases with the decreasing of the magnetic flux. Based 
on practice, the inductance of one phase can be considered to be 
constant if the magnetic flux corresponds with a magnetizing cur-
rent around 10% of the nominal current of the machine. If the induc-
tance of one phase is constant, then the time constant depends only 
on the temperature of one phase. Thus, it is necessary to measure Tr 
with such low current, i.e., under a sufficiently low voltage. Further, 
we must measure Tr two times in the machine: in the cold state of 
the machine first and in the warm state afterward. The measurement 
in the warm state must be performed when the warming reaches its 
final value, i.e., after the transient process is over. Because the induc-
tance does not change with the temperature, it is sufficient to write 
the following equation where Tr = Lr/Rr is used in both the cold state 
and the warm state as well.

T
T

R
R

r cold

rwarm

rwarm

rcold
= . (31)

This means measuring only the ratio Trcold/Trwarm according to (19) and 
then calculating the ratio Rrwarm/Rrcold according to (31). Notice again 

that access to the stator winding is sufficient; we do not need to per-
form any measurements on the rotor winding.

To measure the temperature rise during the load test, two measure-
ments must be performed: Tr in the cold state, i.e., at 20°C, to get the 
time constant Trcold, and Tr in the warm state to get the time constant 
Trwarm. Because the resistance depends on the temperature linearly as

R
R

r warm

r cold
warm cold� � �� �1 � � � , (32)

where α is the temperature coefficient of resistance (TCR) and ϑwarm 
and ϑcold are the temperatures in the warm state and cold state, 
respectively, it can be written using (31) for the temperature rise ∆ϑ.

�� � �
�

� � �
�

warm cold

r cold

r warm

T
T

1
. (33)

Thus, the method of substitute parameter identification described in 
Chapter II. enables us to determine the temperature rise of the inac-
cessible rotor winding of the induction machine.

B. Experimental Verification
The experimental determination of rotor time constants Trcold and 
Trwarm from (33) according to the proposed method was performed 
on the induction motor with the nominal parameters and basic mea-
sured parameters that are listed in Table 3.

The experimental setup is similar to the arrangement depicted in 
Fig.  1, but the identified system is the star-connected induction 
motor instead of the experimental model, and it is supplied between 
one phase terminal and the neutral point of the motor. The picture of 
the setup is in Fig. 8. The measurement of the stator current response 
described in Section III.A was done several times on the induction 
motor. The voltage step us had the value us = 1∙Us = 1∙3.077 V to ensure 
the measurement in the linear part of the magnetizing characteris-
tic. The initial measurement was done in the cold state at room tem-
perature ϑmeas = 24°C by a thermocouple, and the rotor time constant 
Trcold was calculated. After this measurement, the induction motor 
was loaded by a certain load until it reached the stable temperature 
ϑmeas = 74°C, which was measured by a thermocouple on its rotor alu-
minum ring. In order to calculate the temperature rise at different 
temperatures, the step responses were recorded during the spon-
taneous cooling of the standing motor and decomposed to obtain 
time constants T2 and T3. The measurement of the temperature of the 

Fig. 7. Step responses of stator current in two cases. Case 1: Lrx = Ls. 
Case 2: Lrx = 2∙Ls.

TABLE 3. PARAMETERS OF THE EXPERIMENTAL INDUCTION MACHINE

Nominal power 0.75 kW

Nominal voltage (Y) 380 V

Nominal current 2 A

Nominal speed 1380 rpm

Nominal power factor 0.79

Stator resistance Rs (at 24 °C) 10.66 Ω

Stator self-inductance Ls 0.44 H
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rotor aluminum ring was done as well. At last, the rotor time con-
stant Trwarm for each case was calculated according to (19) as well as 
the temperature rise ∆ϑcalc according to (33). The summary of some 
measured and calculated values is given in Table 4. TCR of aluminum 
is 0.004 K-1 [43].

Table 4 also contains the difference between the temperature 
rise measured by a thermocouple, ∆ϑmeas, and temperature rise 
∆ϑcalc calculated according to (33). However, the results cannot be 
compared with published results due to their lack in the literature 

because rather the comparison of temperature (not temperature 
rise) is presented in relation to this problem. That is why there are 
the last two rows in Table 4 — the calculated temperature, ϑcalc (i.e., 
room temperature plus calculated temperature rise), and the rela-
tive error of the temperature determination. The relative errors are 
acceptably low, and they are within the confines of accuracy as in 
[31] or [33].

As an example of a measured waveform, the current step response 
is shown in Fig. 9. The blue waveform was measured at the tempera-
ture ϑmeas = 50.2°C. Just as in the case of the numerical verification in 
Section III.B, the substitute parameters were used for the numerical 
calculation, this time for the calculation of the rotor-locked induction 
machine excited by the step voltage us = 1∙3.077 V in one phase. The 
result of the calculation is the current step response, and it is shown 
as the red dashed waveform in Fig. 9 together with the measured 
one. Both waveforms differ minimally; they are identical, practically. 
It is another verification that the presented method of substitute 
parameters identification is correct.

The accuracy of the identification method depends on several fac-
tors. The first one is the precision of the current and voltage mea-
surement and the resolution of the recording device used, e.g., 
digitizer. 16-bit resolution digitizer is recommended. Measurements 
with devices of lower resolution did not achieve satisfactory results, 
so resolution is a crucial issue. The second factor is how precisely the 
value of the stator inductance is determined. It is hard to present 
the sensitivity analysis as the quantities are mutually correlated. In 
addition, the method assumes that the inductance does not depend 
on temperature, and it is often considered thermally independent 
in technical practice. However, the inductance varies very slightly in 
the common range of temperatures at which induction machines 
usually work. Our calculations showed that a thermal dependence 
of the inductance affects the relative error of the temperature deter-
mination in the order of percentage units. The last factor is the TCR. 
The cages of induction machines are mostly manufactured from 

TABLE 4. SUMMARY OF MEASURED AND CALCULATED VALUES

Tr index
Cold

Init. meas.

Warm

Meas. 1 Meas. 2 Meas. 3 Meas. 4

ϑmeas (°C) 24.0 74.0 54.2 50.2 45.0

Rs (Ω) 10.659 12.894 12.286 12.033 11.747

T2 (s) 0.119942 0.101024 0.106250 0.108499 0.111168

T3 (s) 0.006210 0.005248 0.005500 0.005615 0.005757

Ts (s) 0.040762 0.034396 0.036182 0.036903 0.037865

Tr (s) 0.08539 0.071876 0.075568 0.077211 0.079060

∆ϑmeas (°C) --- 50.0 30.2 26.2 21.0

∆ϑcalc (°C) --- 47.0 32.5 26.5 20.8

∆ϑmeas − ∆ϑcalc (°C) --- −3.0 2.3 0.3 −1.7

Relative error of the temperature rise ∆ϑ --- −6.0 % 7.6 % 1.1 % −4.7 %

ϑcalc (°C) --- 71.0 56.5 50.5 44.0

Relative error of the temperature ϑ --- 4.0 % −4.2 % −0.6 % 2.2 %

Fig. 8. Experimental setup (1—Induction motor, 2——Voltage 
probe Pico Technology TA041, 3—Current probe Keysight N2783B 
with its source, 4—Digitizer Agilent L4532A, 5—Capacitor battery 
with semiconductor switch).
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aluminum; however, some producers use aluminum alloys that have 
slightly different values of TCR [44].

V. CONCLUSION

In this paper, the method for the identification of a set of substitute 
parameters of a still-standing induction machine is presented. An 
induction machine described with such a set of substitute param-
eters evinces the same responses of transient processes as with the 
set of real parameters. Thus, the transient processes can be analyzed. 
To perform this method, it is required to excite one phase of an 
induction machine with a voltage step that will cause a sufficiently 
low current response in order to measure in an unsaturated state. 
The current response, as well as the step voltage signals, have to be 
recorded with a digitizer. Afterward, the current response is decom-
posed to obtain several time constants. Using the obtained time 
constants with known stator resistance and stator inductance, the 
substitute parameters can be determined. Moreover, the tempera-
ture rise of the rotor cage can be calculated.

The identification method was also verified. Firstly, the measure-
ment on two coupled windings representing a still-standing induc-
tion machine was done, and the results were verified in two different 
ways by calculation. Secondly, the measurement was performed on 
an induction machine to prove that our method is suitable for deter-
mining the temperature rise. The relative error of the temperature 
rise does not exceed 8%. After the recalculation for the temperature 
determination, the relative error does not exceed 5%. This verification 
also shows a practical usage of the presented method. The method 
allows us to determine the temperature rise of a rotor winding of an 
induction machine with acceptable accuracy in practice and in a quite 
a simple way, which is the advantage of the method. The described 
method is so simple that the temperature rise of the rotor can be mea-
sured immediately after a ride with an electric vehicle without regard 
to the way of driving, i.e., not in a testing laboratory. The acquired 
information is usable, e.g., by design engineers of traction drives.
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