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Abstract: This paper proposes a self-excited induction generator model with saturation
effect for power generating mode in a remote site. The model is led through the space
vector mathematical formalism and allows one to analyze the steady and dynamic states. It
is developed for a squirrel cage induction machine. This model provides magnetizing in-
ductance variation able to influence the build-up and the stabilization of voltage generation
when the load changes. The final result is a realistic approach model which takes into con-
sideration the dependency of the magnetizing inductance versus magnetizing current. This
novel model is validated through experimental measurements to demonstrate its validity
and practicability.
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1. Introduction

The wind energy seems to be a good promising alternative source which can accompany the
classical energy sources [1–4]. The use of wind turbines is an attractive solution because they can
provide energy at a competitive price and mainly it does not cause environmental contamination
[5–8]. In isolated sites, the wind turbine equipped with a squirrel cage induction machine (IM)
presents major benefits when extreme climatic conditions occur or when the demand for electric
power is limited. This topic has received considerable attention in recent years in view of the
suitability of induction generators. So, this wind generator is widely used because of its robustness,
high reliability and low cost and maintenance [9–14].
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Nevertheless, there are some difficulties in the use of this machine especially when it operates
in autonomous mode as, for example, self-excitation procedure, frequency control and voltage
control [15]. Indeed, these induction generators need an external supply providing the reactive
power which is necessary for production of the rotating magnetic flux [16, 17].

The use of the self-excited induction generator (SEIG) has been revealed for a few decades
and was implemented in some remote sites. A three-phase induction machine can operate as a
self-excited generator when its rotor is driven by an external prime mover and its excitation is
provided by connecting a three-phase capacitor bank at the stator terminals. In this condition,
induced electromagnetic forces and currents in the stator windings start to rise and will continue
until equilibrium is reached due to the magnetic saturation in the machine [18].

The aim of this paper is to present a new induction machine model which takes into account
the magnetic saturation effect for analysis of the machine permanent and transient behavior.
If the IM is simulated as a motor, the magnetizing inductance can be determined only for rated
voltage but for self-excited induction generator simulation, a performing model requires values
of the magnetizing inductance for whole voltage region. A proposed method for integration of
inductance variation in the SEIG model is proposed in [19]. This method considers three possible
cases of steady state values to estimate the nonlinearity of the magnetization curve and proposes
sufficient large initial voltage to the capacitors to bring a high magnetizing current which allows
fixing the generator in the stable mode.

Another method for estimation of magnetizing inductance variation is presented in [20] which
proposes a variation curve as the function of the magnetizing current at the ideal no-load condition.
However, in load condition the generator slip is not zero and the magnetizing inductance value
changes.

The novel SEIG model presented in this paper is based on space phasor formalism. This
model proposes the integration of an adaptive method for magnetizing curve identification with
variation curve and practical calibration in load condition.

The first part of this paper deals with the SEIG modeling based on the space phasor formalism.
The first section presents a linear model (the saturation effect is neglected) and the second
section presents the new developed model of the SEIG considering the magnetic saturation
phenomenon. The third section presents the magnetic inductance approximation proposed for
the SEIG developed model. The fourth section concerns the simulation and experimental results
considering an R−L load. The influence of the saturation on the frequency control is discussed
in the last part of this paper.

2. System configuration

Fig. 1 presents the considered system configuration for a self-excited induction generator
which operates in a remote site. Driven by the wind, this induction generator will provide
electrical power to supply a variable inductive-resistive load placed in parallel. A capacitor bank
of capacitance C provides the reactive power required for machine magnetization and assures the
reactive power required by the load.
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Fig. 1. Schematic diagram of a SEIG in autonomous mode

3. Self-excited induction generator model

The real machines, with their different kinds of windings and geometries, are too complex for
analysis taking into account their real configurations, hence it is needed to develop a model, the
behavior of which is as close as possible to that of the original one [21].

In this context, it is essential to use a simple model to facilitate numerical implementation
and to minimize the simulation computation time. To study the transient and steady state of the
asynchronous generator, the SEIG model using space phasor formalism is implemented in the
Matlab Simulink environment. Let us consider a p pole pair rotor cage induction machine with a
three-phase equivalent rotor winding. The rotor and stator spatial reference (dr and ds) are tied
to the rotor and stator phase 1 axes. To produce the stator voltage, the induction generator must
have a rotor residual magnetic field [22, 23]. A fictitious winding is considered in the model to
create this magnetic field during the SEIG start-up step. The variables corresponding to these
fictitious windings are labeled with the superscript “a”. One considers that these windings of na

turns are supplied by a īaq DC currents (q = 1, 2 or 3) and their sum is null after the start-up
step. Let us denote x̄s the stator space phasor variables defined relatively to ds . The rotor space
phasor variable defined relatively to dr is written x̄r . x̄ ′s is a stator space phasor variable defined
relatively to the spatial reference dr . Consequently one can deduce x̄ ′s from x̄s by means of the
variable change x̄ ′s = x̄s exp(− jθ), where θ = ω′t+θ0 represents the spatial angular gap between
dr relatively to ds and ω′ = pΩ′. Ω′ is the rotor angular speed and p is the number of pole pairs
of the induction machine.

3.1. Model without saturation effect

Let us consider that the studied induction machine is characterized by the parameters given
in the appendix. This section shows the induction generator model developed without taking into
account the magnetic saturation effect. In this case the voltage equations which characterize the
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induction machine written in the rotor reference frame are given by the following system:



v̄′s = rs ī′s +
d
d t
φ̄′s + jω′φ̄′s

v̄r = rr īr +
d
d t
φ̄r

v̄a = ra īa +
d
d t
φ̄a

, (1)

where r represents the per phase winding resistances. φ̄′s , φ̄r and φ̄a represent the fluxes linked by
the stator (defined in the rotor reference frame), the rotor and the fictitious windings, respectively,
expressed by: 

φ̄′s = (Ls + ls)ī′s + Msr īr + Msa īa

φ̄r = (Lr + lr )īr + Mrs ī′s + Mra īa

φ̄a = (La + la)īa + Mas ī′s + Mar īr
, (2)

where ls and lr are, respectively, the rotor and stator leakage inductances, la is the leakage
inductance of the considered fictitious windings. Msr , Msa and Mra are the mutual inductances
between the stator, the rotor and the fictitious windings. It will be considered that Msr = Mrs ,
Mas = Msa and Mra = Mar . The L quantities appearing in (2) are the main winding cyclic
inductances and M is the mutual inductance between the different windings. It is assumed that
the induction machine turn ratio at standstill is close to ns/nr =

√
2, with Lr = Ls/2. Let us

consider the main cyclic winding inductance of the fictitious windings of the tested machine
La = (Msa)2/Ls . This value of La has been chosen in such a way that the fictitious winding can
provide the starting current for the SEIG. In this case the M inductance can be expressed as:


Msr =

√
LsLr = Ls/

√
2

Msa =
√

LsLa

Mra =
√

Lr La

. (3)

For this model where the magnetic saturation effect is neglected, all the main and the mutual
inductance coefficients are constant. Using Equations (1) and (2), the stator voltage defined in the
dr reference frame is given by:

v̄′s =
[
rs + jω′(Ls + ls)

]
ī′s + (Ls + ls)

d ī′s

d t
+ jω′Msr īr + Msr d īr

d t
+ jω′Msa īa . (4)

Considering the R−L load, the SEIG output current can be written as:

ī′s = −
(
v̄′s

R
+ C

d v̄′s

d t
+

1
L

∫
v̄′s d t

)
. (5)

The stator angular frequency ωis calculated taking into account the slip s obtained from:
Ω′ = (1 − s)Ω and the synchronous angular speed Ω = ω/p. Moreover, to model this SEIG
during transients and steady states, a mechanical relationship has to be considered:

Tw = Te + Tf + J
dΩ′

d t
, (6)
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where J is the overall system inertia, Tf is the SEIG friction and windage torque and Tw the torque
which acts on the SEIG shaft by mean of the blades. The Te machine electromagnetic torque is
defined by the following cross product:

Te = 3p
(
φ̄′s × ī′s

)
/2. (7)

3.2. Model considering saturation effect

Generally, the induction machine model includes constant parameters. This model can be
convenient to describe the fundamental air-gap flux density characteristics in a limited range
of operating condition. However, when the operating point varies, as is the case in isolated
induction generator, some parameters of the machine may change due to variations of the flux
magnitude, voltage and the frequency. For these reasons, it is advisable to investigate an induction
generator model which takes into account the magnetic saturation. In many works, the magnetizing
inductance is considered constant or having a model which does not reflect the real phenomenon
during start-up step of the induction generator and its self-excitation. The inductances vary slightly
and can be considered constant at low flux values. But when the flux increases the machine starts
to saturate and the inductances vary greatly. The induction machine is usually designed to be
slightly saturated at the rated operating point to maximize the torque production [24].

If the machine is used as a wind generator, the operating point and the system evolution to the
steady state depend on the magnetic circuit saturation. The performances of induction machines
which operate in saturation condition have been investigated in several papers and some adapted
models are suggested [25–28]. The most accurate method is to define the exact geometry of the
studied machine. Then the Maxwell equations associated with the laws of used materials behavior
are solved by the mean of numerical methods (finite element). Nevertheless, this method remains
difficult to apply because it requires a large computing time. In the presented work the saturation
will be taken into account by considering an approximation of the magnetizing inductance as
a function of the magnetization current. This work is achieved considering that all the leakage
inductances are constant. This hypothesis is largely verified since the leakage flux paths are in
the air. In the following developments, it will be assumed that Ls = Lm which represents the
magnetizing inductance. The magnetizing current im is expressed as:

īm = ī′s + īr . (8)

By deriving the equations of the fluxes linked by the stator, the rotor and the fictitious windings
given by (2), one obtains the time derivative of the magnetizing inductance Lm. Consequently,
the expressions given by (2) can be written as follows:



d φ̄′s

d t
=

d Lm

d im
(ī′s + γīr + χīa) ·

(
d ī′s

d t
+

d īr

d t

)
+ (Lm + ls)

d ī′s

d t
+ γLm

d īr

d t

d φ̄r

d t
=

d Lm

d im
(γī′s + δīr + ηīa) ·

(
d ī′s

d t
+

d īr

d t

)
+ (δLm + lr )

d īr

d t
+ γL

d φ̄a

d t
=

d Lm

d im
( χī′s + ηīr + ξ īa) ·

(
d ī′s

d t
+

d īr

d t

)
+ χLm

d ī′s

d t
+ ηLm

d īr

d t

, (9)
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Taking into account the relationship (3), the different parameters of (9) are:

γ = 1/
√

2, δ = 1/2, η =
√

La/2Ls, ξ = La/Ls and χ =
√

La/Ls .

In this case, the equations given by (1) can be expressed as:



v̄′s =

(
α

d Lm

d im
+γLm

)
·
(
−rr

K2r
īr

)
+

[
α

d Lm

d im
+Lm+ls−K1r

K2r
īr

(
α

d Lm

d im
+γLm

)]
d ī′s

d t
+

+ jω′
[
(Lm + ls)ī′s + γLmīr + χLmīa

]
+ rs ī′s

0 = rr īr +
(
β

d Lm

d im
+ γLm

)
d ī′s

d t
+

(
β

d Lm

d im
+ δLm + lr

)
d īr

d t

, (10)

where 
α = ī′s + γīr + χīa, β = γī′s + δīr + ηīa,

K1r = β
d Lm

d im
+ γLm , K2r = β

d Lm

d im
+ δLm + lr .

(11)

From (10) we can deduce the following relationship:

d ī′s

d t
=

v̄′s −
(
α

d Lm

d im
+ γLm

)
·
(
−rr

K2r
īr

)
[
α

d Lm

d im
+ Lm + ls − K1r

K2r
īr

(
α

d Lm

d im
+ γLm

)]
+
− jω′

[
(Lm + ls)ī′s + γLmīr + χLmīa

]
− rs ī′s[

α
d Lm

d im
+ Lm + ls − K1r

K2r
īr

(
α

d Lm

d im
+ γLm

)] .
(12)

The numerical implementation in the Matlab/Simulink environment of Equation (12) is shown
in Fig. 2. The T s, which appears in Fig. 2 is the sample time used in numerical model and less or
equal to 5.10−5 for this application.

The detailed diagram of Fig. 2 is developed in the appendix. Fig. 3 shows the numerical
implementation of the equations giving K1r and K2r .

The electromagnetic torque can be defined as a function of magnetizing inductance by Ex-
pression (13) and its implementation is shown by Fig. 4:

Te =
3
2

p
[
(Lm + ls)ī′s + γLmīr + χLmīa

]
× ī′s . (13)

Finally, the numerical implementation of the mechanical equation given by Expression (6)
will be presented by Fig. 5.

The numerical implementation of the already presented blocs allows the simulation of the
stator voltage variations (amplitude and frequency) during transient and steady state considering
the numerical values given in the appendix.
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Fig. 2. Statoric current implementation

Fig. 3. Implementation of K1r and K2r

Fig. 4. Electromagnetic torque implementation



762 E. Touti, H. Kraim, R. Pusca, R. Romary Arch. Elect. Eng.

Fig. 5. Mechanical equation implementation

4. Magnetizing inductance approximation

Considering an IM in the motor operation case, it is possible to determine its magnetizing
inductance at the rated voltage and so to model the induction machine. Nevertheless, in the case
of an isolated generator when neither the frequency nor the voltage is imposed it is essential to
have the values of the magnetizing inductance with accuracy for the whole voltage range of the
used machine.

For magnetizing inductance estimation, the machine operates as an induction motor. Under
no-load conditions, the procedure starts by increasing the stator voltage slowly up from zero
while the rotor speed is kept at synchronous speed by an external prime mover that provides
the mechanical losses of the IM. The magnetizing current and the voltage are measured at the
terminals of the machine. The evolution of the magnetizing inductance versus magnetizing current
is given by Fig. 6. This curve is obtained by testing the machine with parameters determined at
the rated frequency (50 Hz).

Fig. 6. Magnetizing inductance versus magnetizing current
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The determination of the magnetizing inductance as a function of the magnetizing current
Lm = f (im) can be carried out using different approaches. In this study, it is proposed to consider
different areas depending on the magnetizing current Lm is defined as:

Lm =


0.2 H for im ≤ 1.2 A

ai4m + bi3m + ci2m + dim − h for 1.2 A < im ≤ 1.92 A (Area 1),

qe−τim for im > 1.92 A (Area 2)

(14)

where a, b, c, d and h are the numerical parameters obtained by identification of the fourth order
equation in (14) considering the measured values of the magnetizing inductance. These values
lead to a similar curve as that presented in Fig. 6. They are: a = 1.3247, b = 8.6762, c = 21.247,
d = 23.07, h = 9.1338, q = 0.3207 and τ = 0.145.

According to the results given in Fig. 6, the values of Lm increase to reach the maximum
in Area 1, which corresponds to the machine start-up time, characterized by important voltage
variation, and which is considered as an unstable area. Here, any decrease in the speed causes a
decrease in the voltage and consequently the disengagement of the generator leading to a total
demagnetization of the machine. This demagnetization can cause difficulties in the self-excitation
step. If it appears, a specific procedure must be applied to recover the residual magnetic field and
to restart the generator. However in Area 2, the magnetizing inductance values decreases if the
voltage increases enabling the generator to continue to operate. This region is considered as a
stable-operating region where the SEIG must operate.

5. Simulation and experimental results

5.1. Experimental test bench
To validate the simulation results obtained by the developed model that takes into account

the magnetic saturation effects, the experimental test bench of Fig. 7 uses a three-phase, delta-
connected cage induction machine. The generator is connected to a three-phase resistive-inductive

Fig. 7. Experimental test bench of the SEIG
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load and a three-phase capacitor bank that allows providing the reactive power required by the
induction machine and the load. Their values are chosen such that the generator operates at rated
voltage in the steady state. It is driven by a DC motor which operates at constant magnetic flux,
mechanically connected to the IM which operates as a SEIG. For a target R−L load, the study
starts by finding, by means of numerical simulation, the adequate pair (R,C) which, physically,
consists in keeping constant the argument of the elements connected to the SEIG outputs.

The experiment has been done at variable wind power Pw which acts on the blades with a
target load characterized by R0, C0 and keeping the load L = 0.170 H at constant value. The
characteristics of the three-phase induction machine used for simulation and experiments as a
SEIG are given in the appendix.

5.2. Modeling of the SEIG magnetizing inductance curve
In Fig. 8, the first part of the curve (Area 1) has been determined from the no load motor tests.

The second part (Area 2) can be determined after loading the generator. The second part of the
curve is obtained by the experimental SEIG steady-state considering four different loads.

Fig. 8. Extended magnetizing inductance curve proposed for the SEIG

To validate the magnetizing inductance variation used in numerical model, the values obtained
by approximation of the curve are compared with measured ones.

5.3. Experimental study with load switching
In order to validate the developed model which takes in consideration the magnetizing in-

ductance variation, different loads used in the simulation model were tested experimentally. The
implementation of the variable magnetizing inductance in the proposed SEIG model is important
for any induction generator which must operate in the saturated state. In order to validate the new
developed model which takes into account the magnetizing inductance variation, four loads used
in simulation model were also tested in the experimental test bench.

Table 1 summarizes the tests carried out for an R−L load (R0 = 35 Ω, C0 = 145 µF) with
a constant load L = 0.170 H. The calibration of the simulation model allows us to obtain the
inductance variation as voltage or a current function.
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Table 1. First experimental test for calibration of the SEIG model (R0 = 35 Ω, C0 = 145 µF)
with Lm variable

Experimental values Simulation values

U (V) I (A) F (Hz) U (V) I (A) F (Hz) Lm (H)

415.8 10.7 56.5 415.7 10.8 56.3 0.114

381 9.45 54.9 381 9.5 54.9 0.123

347.3 8.35 53.6 347.1 8.5 53.7 0.131

286.7 7.2 52.3 287 6.84 52.4 0.144

The results presented in Table 1, shows that the increase of the voltage leads to a decrease
of the magnetizing inductance and consequently the frequency increases. So, an approximation
curve must be introduced in the SEIG modeling with the Lm variable to consider the magnetic
saturation effect. Fig. 9 presents the evolution of the proposed approximation curve using the
relationship (14).

Fig. 9. Magnetizing inductance curve and approximated one

To validate the simulation model, firstly, the experimental values presented in Table 1 are used
for calibration of the SEIG parameters used in the simulation model. In the second test, another
higher load (R1 = 28 Ω and C1 = 62.5 µF) is used in order to confirm the localization of Lm in
the range already estimated by (14) and presented in Area 2 of Fig. 8. The obtained experimental
and simulation results are shown in Table 2. It can be remarked that the values are close.

The magnetizing inductance variation for the second load compared to the first one is presented
in Fig. 10, where the identical variation is shown. It allows a comparative study of the variation
of the magnetizing inductance between the two states of the load.

The case, where the inductance variation is not considered in the simulation model is presented
in Table 3. For this case, a significant difference, obtained between the experimental results and
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Table 2. Second experimental test for validation of SEIG model (R1 = 28 Ω, C1 = 162.5 µF)
with Lm variable

Experimental results Simulation results

U (V) I (A) F (Hz) U (V) I (A) F (Hz) Lm (H)

378 11.6 54.8 377.6 11.5 54.23 0.1235

358 10.9 54.2 358.1 10.7 53.85 0.128

334 10 53.5 334.3 9.85 53 0.1335

Fig. 10. Magnetizing inductance versus line-to-line voltage for loads R0C0 and R1C1

simulation ones concerning the current and the frequency, is noticed. So, it can be concluded that
the proposed extended curve method is satisfactory for integration in the new SEIG model.

Table 3. First studied case used for calibration of the SEIG model with Lm constant R0 = 35 Ω,
C0 = 145 µF

Experimental values Simulation values

U (V) I (A) F (Hz) U (V) I (A) F (Hz) Lm (H)

415.8 10.7 56.5 415.7 10.7 56.3 0.114

381 9.45 54.9 381 9.87 56.28 0.114

347.3 8.35 53.6 347.1 8.99 56.29 0.114

286.7 7.2 52.3 287 7.42 56.28 0.114

5.4. Frequency estimation for load variation
This novel SEIG model has been developed to obtain more precision in frequency and

voltage estimation for an isolated induction generator feeding a L load and a variable resistive
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load. So in following tests, the L load is considered constant and only Lm can vary. Therefore,
one performs variation of the R−C load from R0 = 35 Ω and C0 = 145 µF to R1 = 28 Ω, and
C1 = 162.5 µF. This switching load, starting at time 5 s, is carried out keeping the voltage at
quasi constant value. Consequently the magnetizing inductance Lm is kept constant in the first
simulation test (Fig. 11(a) – dashed line) and variable in the second test (Fig. 11(a) – solid line).
The switching load at variable voltage is shown in Fig. 11(b). Two cases are presented, the first
one is presented by the dashed line curve, which reveals the switching in constant magnetizing
inductance (Lm = 0.123 H). The second case is presented by the curves plotted with a solid
line. It reveals the case when Lm varies (Lm = 0.128 H) according to the results summarized in
Table 4.

Table 4. Load variation from case 0 to case 1

U (V) F (Hz) I (A) Lm (H)

Case 0: R0 = 35 Ω, C0 = 145 µF 381 54.9 9.5 0.123

Case 1: R1 = 28 Ω, C1 = 162.5 µF at Lm = constant 377.6 54.23 11.5 0.1235

Case 1: R1 = 28 Ω, C1 = 162.5 µF at Lm = variable 358.1 53.85 10.7 0.128

The instantaneous values of the current at the outputs of the generator are represented by
Figs. 11(c) and 11(d). This current is obtained by varying the voltage by mean of the load change.
This voltage variation appears at t = 5 s. In Fig. 11(c), the switching from case 0 (R0 = 35 Ω and
C0 = 145 µF) to case 1 (R1 = 28 Ω and C1 = 162.5 µF) leads to a difference between the rotor
angular speed obtained with the SEIG model which considers Lm constant and the model which
considers Lm as a variable parameter.

Consequently, the current frequency is different as can be seen in Fig. 11(d). This frequency gap
between the two simulation models is due to the difference between two states of the magnetizing
inductance and the choice of the model is dependent on the precision needed in the study of the
SEIG implementation system.

(a)

Fig. 11
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(b)

(c)

(d)

Fig. 11. Variation of the rotor angular speed and the stator current during load variation: (a) speed at constant
voltage; (b) instantaneous current at constant voltage; (c) speed at variable voltage; (d) instantaneous current

at variable voltage
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6. Saturation influence in frequency stabilization

The frequency control strategy consists in maintaining at a constant value the argument of the
whole load and capacitor, which are connected in parallel to the SEIG terminal. In this case, it is
possible to obtain an operation at quasi-constant frequency without introducing any control loop
of this variable. This state is achieved when a suitable choice of the load is realized in accordance
with the generator parameters and the voltage target is realized. Let us consider that φ is the
argument of the elements connected to the SEIG terminal, in the case of an inductive-resistive
load, keeping tan φ = const leads to maintain constant the following relationship [29]:

R[LCω2 − 1] = const. (15)

Starting with the operating point obtained for R0 and C0, the changes of R must be accompanied
by changes of the C capacitor in order to maintain the frequency ω at practical value close to the
initial one. That needs to satisfy the following equality:

R0[LC0ω
2 − 1] = R1[LC1ω

2 − 1]. (16)

Nevertheless, starting from the load R0 = 35 Ω and C0 = 145 µF, the switching to R1 = 28 Ω
and C1 = 162.5 µF was carried out without applying the law given by the relationship (16) because
the saturation affects the inductances of the machine. Thereby the reactive power demanded by
the generator varies. Consequently, the capacitor changes accordingly to this variation, which
leads to a shift in the frequency values as it is shown in the results given by Table 1 and Fig. 11.

According to the simulation and experimental results, we can remark that the load variation
and the saturation have an influence on the SEIG frequency. For this reason, the model of the SEIG
developed in this work which takes into consideration the inductance variation as the function of
magnetizing current is more convenient to obtain more accurate simulation results. Furthermore
if the SEIG working temperature is high, the permeability and inductance variation must be
considered and the model improved, including the second law for harmonizing the inductance
variation with the temperature [30].

7. Conclusion

This paper analyses the influence of the magnetic saturation effect in the self-excited induction
generator working in an isolated grid. This work proposes a novel analytical model able to take in
consideration this effect when the induction generator operates at variable load in the saturation
area. In order to take into account the magnetizing inductance variation, a simple approximation
law which gives accurate results is proposed in this paper. The presented law considers two
working areas of the SEIG and proposes the classical identification procedure of the magnetizing
inductance characteristic. This method is based on the standards motor tests for the analytical
model. This model can be used to predetermine with good accuracy the required capacitance,
voltage and frequency values in concordance with the considered load. However, for good results
in the wind power variation, the simulation model needs, in the first time, a calibration step with
a few operating points of the machine working as a generator.
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Appendix
The characteristics of the used three-phase induction machine are given by: 380 V/660 V,

7.3 A/4.2 A, 7.5 kW, 1420 rpm, p = 2, F = 50 Hz, cosΦ = 0.8, rr = 3 Ω, rs = 8.66 Ω,
ra = 10 Ω, Mra = 70.6 mH, Msa = 100 mH, Msr = 377 mH, Ls = 534 mH, J = 0.05 Kg·m2,
La = 18.7 mH, la = 5 mH, Lr = 26 mH, lr = 4 mH, ls = 27 mH.

Fig. 12. detailed diagram of Fig. 2
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