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Sensorless Vector Control of Induction Motors for Wind Energy 
Applications Using MRAS and ASO 

 
 

Il-Woo Jeong*, Won-Shik Choi** and Ki-Hyeon Park† 
 

Abstract – Speed sensorless modes of operation are becoming standard solution in the area of electric 
drives. This paper presents flux estimator and speed estimator for the speed sensorless vector control 
of induction motors. The proposed sensorless methods are based on the model reference adaptive 
system (MRAS) observer and adaptive speed observer (ASO). The proposed speed estimation 
algorithm can be employed in the power control of grid connected induction generator for wind power 
applications. Two proposed schemes are verified through computer simulation PSIM and compared 
their simulation results. 
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Nomenclature 
 

General: 
R  Resistance 
L Inductance 
λ   Flux linkage 

eω   Electrical angular frequency 
rω   Rotational angular frequency 
cω   Transition frequency 
rmω   Mechanical angular frequency 
slω   Slip angular frequency 
eθ   Electrical angle 
rθ  Mechanical angle 

Te  Electrical torque 
Tae  Aerodynamic torque 
u   Wind speed 
Um  Mean wind speed 
( ), , bu t r θ  Wind field 
( ), bu tψ θ  Weighted wind speed 

Mb  Blade root moment 
( )mM U  Steady state blade root moment 
( )kS f   Power spectral density of wind speed 
( )kF f   Admittance function 

σ   Induction motor leakage coefficient 
p  Time derivative 
P  Number of pole pairs 
Kp  Proportional gain 
Ki Integral gain 
k  Proportional constant(>0) 

γ   Positive real number 
 
Superscript: 

^ Estimated value 
*  Reference value 
~ Azimuth expansion 
s  Stationary reference frame 
r  Rotor reference frame 
e  Synchronously rotating reference frame 
 

Subscript: 
a, b, c  Basic three phase 
d, q Direct axis, quadrature axis 
r, s  Rotor, stator 
m  Mutual 
l  Leakage 
eq  Equivalent 
 
 

1. Introduction 
 
The induction motors are widely used for wind energy 

conversion systems. The advantages of general induction 
motors in wind energy system are relatively inexpensive, 
robust and require low maintenance [1-2]. In addition to 
using vector control techniques, fast dynamic response and 
accurate torque control can be possible. For vector control, 
rotor speed information is essential. Usually, an encoder or 
a tachometer is used to measure the generator speed. The 
speed sensors may result in many practical disadvantages. 
Therefore, by eliminating the speed sensor, reliability of 
wind turbine drive is improved and cost is reduced. 

The various different solutions for sensorless drives 
were proposed in the past decade. For example, the rotor 
speed and position can be estimated based on the stator 
voltage equation of the AC motor [3], reference model of 
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the AC motor [4], state observer [5], back EMF [6], the 
Kalman filtering [7], nonlinear control [8], signal injection 
[9] and fuzzy control [10]. 

Among the approaches described above, model reference 
adaptive system (MRAS) and adaptive speed observer 
(ASO) are attractive due to their design simplicity. The 
MRAS observer is based on the voltage model and current 
model. The method to calculate rotor flux linkage using the 
stator voltage equation is called the voltage model method. 
The method to calculate rotor flux linkage using rotor 
voltage equation, where the voltage is zero in the case of 
the squirrel cage rotor and only the current is the variable, 
is called the current model method [11]. The ASO method 
is based on a speed adaptive flux observer using the 
adaptive control theory. This method uses the state 
observer which can allocate poles arbitrarily. Therefore, it 
can be applied to the direct field-oriented control, even in a 
low speed region [12]. 

In this paper a variable speed wind turbine system 
described by induction motor-generator set. The system 
consists of motor control inverter and back-to-back 
converter(combination of the generator side and grid side 
PWM converter). The motor control inverter simulated the 
blade part of wind turbine system. The rotor wind model 
obtained from the equivalent wind speed [13], turbulence 
model [13] and tower shadow effect [14]. Wind speed-
blade power coefficient(Cp) data and rpm-torque data 
obtained from the National Renewable Energy Laboratory 
(NREL) 5MW reference wind turbine model. The back-to-
back converter performed the generator control(including 
two kinds of sensorerlss control algorithm) and grid 
connection control. 

 
 

2. Induction Motor D-Q Model  
and Vector Control 

 
2.1 Mathematical model of an induction motor 

 
Prior to explain vector control for induction motor, 

determine the d-q model of the induction motor via 
mathematical model representing the dynamic characteristics 
of the motor [15]. The stator and rotor voltage equations in 
synchronously rotating reference frame can be expressed as 
(1). The stator and rotor flux linkage equations in 
synchronously rotating reference frame can be expressed as 
(2). Fig. 1 shows the equivalent circuit of an induction 
motor.  

 
( )
( )

/

/ ( )

e e e e
s edqs dqs dqs dqs

e e e e
r e rdqr dqr dqr dqr

v R i d dt

v R i d dt

λ ω λ

λ ω ω λ

= +

= + −

m

m
 (1) 

( )
( )

e e e e e e
m s mdqs ls dqs dqs dqr dqs dqr

e e e e e e
m r mdqr lr dqr dqs dqr dqr dqs

L i L i i L i L i

L i L i i L i L i

λ

λ

= + + = +

= + + = +
 (2) 

 
Fig. 1. d-q axes equivalent circuit of an induction motor. 
 

2.2 Vector control of an induction motor 
 
Vector control methods can be classified into two methods 

as the direct method and the indirect method according to 
the way of obtaining the flux angle information.  

In the direct vector control method [15], the information 
of rotor flux linkage is obtained by measurement or 
calculation. All currents decomposed to the flux component 
current and torque component current based on the flux 
information. In general, the flux component current is 
controlled to be constant and the torque component current 
is controlled instantaneously depending on the reference 
torque value. The relationship between the d axis stator 
current and rotor flux linkage can be described as  

 

 ( )1 /
e e e emr

mdr ds dr ds
r r r

LLL i p i
R p L R

λ λ= − =
+  (3) 

 
The relationship between the q axis current and 

electrical torque can be described as 
 

 
2P 3 P 3

2 2 2 2
e e e em m

e qs qsdr ds
r r

L L
T i i i

L L
λ= =   (4) 

 
The reference stator current of d-q axes in synchronously 

rotating reference frame can be described as  
 

 
( )
( ) ( )

* *

* * P 3
( / )

2 2

/

/  , e
T drm r

e e
mds dr

e
qs e T K L L

i L

i T K λ

λ

=

=

=
 (5) 

 
Three-phase stator current reference equations can be 

described as 
 

  ( ) ( )
( ) ( )

* *

* * *

* * *

1/ 2 3 / 2

1/ 2 3 / 2

s
as ds

s s
qsbs ds

s s
cs qsds

i i

i i i

i i i

=

= − +

= − −

 (6) 

 
The stator current follow the reference current by the 

current controller, instantaneous torque control is achieved. 
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3. Sensorless Control Algorithm 
 

3.1 MRAS for an induction motor 
 
The model reference adaptive system consists of voltage 

model and current model. In the voltage model [11], the 
rotor flux linkage is obtained from the stator flux linkage 
information. And the stator flux linkage information is 
obtained from the stator voltage equation. For this process, 
stator voltage and current are needed. By integrating the 
stator voltage of d-q axes in stationary reference frame, 
stator flux linkage is obtained as 

 
 ( )/s s s

sdqs dqs dqsv R i d dtλ= +  (7) 

 ( )s s s
sdqs dqs dqsv R i dtλ = −∫   (8) 

 
The rotor current can be expressed as stator flux linkage 

and stator current. Substitute the rotor current into the rotor 
flux linkage of d axis in stationary reference frame. 

 

( )    /s s
s mds ds

s s s s
r mdr dr dr dsL i L L Li i iλ λ= → = +−  (9) 

( )( ) ( )2,  1 (/ / )s s s
r m s m s rdr ds dsL L L i L L Lλ λ σ σ= − = −  (10) 

 
With the same process, the rotor flux linkage equation of 

q axis and the electrical angle is obtained as 
 

 
( )( )

( )1tan /

/s s s s s
qr r m qs r m qs s qsdr

s s
e qr dr

L i L i L L L iλ λ σ

θ λ λ−

= + = −

=
 (11) 

 
The voltage model method is based on obtained the rotor 

flux by integrating back EMF of induction motor. In the 
high-speed operation area where the magnitude of back 
EMF is large enough, the voltage model method shows a 
good performance. 

In the current model [11], the rotor speed and stator 
current information are obtained from the rotor voltage 
equation. Finally, the rotor flux linkage is obtained from 
the rotor speed and stator current information. The rotor 
flux linkage equation of d-q axes in the rotor reference 
frame can be calculated based on the rotor flux and stator 
current in the rotor reference frame. And the stator current 
of d-q axes in the rotor reference frame can be obtained 
from coordinate transformation theory. 

 
 ( ) ( )/ /r r r

r r r m rdqr dqr dqsp R L R L L iλ λ= − +  (12) 

 
cos sin

 sin cos

 r s s
r qs rds ds

r s s
qs r qs rds

i i i

i i i

θ θ

θ θ

= +

= − +

⎧⎪
⎨
⎪⎩

  (13) 

 
By integrating (12) and using (13), the rotor flux linkage 

of d-q axes in the stationary reference frame can be 
obtained as 

 
cos sin

sin cos

 s r r
r qr rdr dr

s r r
qr r qr rdr

λ λ θ λ θ

λ λ θ λ θ

= −

= − +

⎧⎪
⎨
⎪⎩

 (14) 

 
The current model method is based on the flux obtained 

by using the rotor speed, exact information of rotor 
resistance and rotor inductance. Thus the speed and 
position sensorless control, induction machine parameter 
estimation and real-time parameter tuning are needed. The 
current model is useful in zero-speed or low-speed 
operation area because in the high-speed operation area the 
current model method shows a little unstable performance. 

As a result, current model is an advantageous method 
in low-speed operation area, and voltage model is an 
advantageous method in high-speed operation area. So the 
combination of two models has a good performance in 
wide speed range. The block diagram of combination is 
shown in Fig. 2 and the simplified block diagram is shown 
in Fig. 3.  

The simplified block diagram consists of estimated rotor 
flux linkage from the current model, estimated rotor flux 
linkage from the voltage model and PI controller. 

The transfer function of the simplified block diagram of 
the estimator is expressed as 

 

 
2

2 2
    

_ _
ˆ ˆ ˆp is s s
dqr dqr vm dqr cm

p pi i

K s Ks
s K s K s K s K

λ λ λ
+

= +
+ + + +

 (15) 

 
The transfer function consists of the flux linkage from 

the current model with the low-pass filter and the flux 
linkage from the voltage model with the high-pass filter. 
The PI controller gains are described as (16).  

 
 22  ,     ( =0.707)p c ciK Kω ω ζ= =   (16) 

 
The estimated rotor speed can be obtained by using the 

estimated slip angular frequency and estimated electrical 

Fig. 2. The combination of voltage model and current model.
 

 
Fig. 3. The simplified block diagram of combination 

estimator. 
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frequency and slip angular frequency. 
 

 
( ) ( )

( ) ( )22
1

ˆ ˆ ˆ ˆˆ
ˆ tan ˆ ˆ ˆ

s s s ss
qr qrdr drdr

e s s sqr qrdr

d
dt

λ λ λ λλ
ω

λ λ λ

− −
= =

+

′⎛ ⎞
⎜ ⎟⎜ ⎟
⎝ ⎠

 (17) 

 ( ) ( )
( )22

ˆ ˆˆ
ˆ ˆ

s s s smr
qs qrsl dr dss s rqrdr

LR
i i

L
ω λ λ

λ λ
= +

+

⎧ ⎫
⎨ ⎬
⎩ ⎭

 (18) 

 
Then the estimated rotor angular frequency ( ˆrω ) can be 

obtained from the difference between estimated electrical 
frequency and estimated slip angular frequency. 

 

 ( ) ( )
( ) ( ) ( ) ( )2 22 2

ˆ ˆ ˆ

ˆ ˆ ˆ ˆ ˆ ˆ

ˆ ˆ ˆ ˆ
    

r e sl
s s s s s s s s

qr qr qs qrdr dr dr dsr m
s s s srqr qrdr dr

i iR L
L

ω ω ω

λ λ λ λ λ λ

λ λ λ λ

= −

− +
= −

+ +

′  (19) 

 
3.2 ASO for an induction motor 

 
In the adaptive speed observer method [12], the rotor 

speed information is based on state equation of induction 
machine and state observer. An induction machine can be 
expressed as following state equations in the stationary 
reference frame as 

 

 11 12 1

21 22

A A

A A 0
ss

s s
sr

d
dt

= + = +
⎡ ⎤ ⎡ ⎤⎡ ⎤ ⎡ ⎤
⎢ ⎥ ⎢ ⎥⎢ ⎥ ⎢ ⎥⎣ ⎦⎣ ⎦ ⎣ ⎦⎣ ⎦

ii B
V AX BV

λλ
  (20) 

 s =i CX  (21) 
 

where 
 

,  

Ts s s s
qs qrds dr

T Ts s s s
s qs r qrds ds

i i

i i

λ λ

λ λ

=

= =

⎡ ⎤⎣ ⎦

⎡ ⎤ ⎡ ⎤⎣ ⎦ ⎣ ⎦

X

i λ
 

{ }
( ){ }

( )

[ ]

11 11

12 12 12

21 21 22 22 22

1 1

A / (1 ) / I I,

A / 1/ I J I J,

A ( / )I I,  A 1/ I J I J,

1 0 0 1
B (1/ )I I,  C I 0 I   ,  J

0 1 1 0
,  

s s r r

m s r r r r i

m r r r r r i

s

R L a

L L L a a

L a a a

L b

σ σ στ

σ τ ω

τ τ ω

σ

= − + − =

= − = +

= = = − + = +

−
= = = = =

⎡ ⎤ ⎡ ⎤
⎢ ⎥ ⎢ ⎥⎣ ⎦ ⎣ ⎦

 

 
The state observer that estimate the stator current and the 

rotor flux linkage together can be expressed as (22). From 
the state equations of induction machine and state observer, 
the error of stator current and rotor flux linkage is can be 
calculated as (23). 

 

 ˆ ˆˆ ˆ ( )s s s
d
dt

= + + −X AX BV G i i   (22) 

 ( ) ˆd
dt

= − − Δe A GC e AX   (23) 

where 
 

 
0 /ˆˆ  ,  
0

r

r

cω

ω

−Δ
= − Δ = − =

Δ
⎡ ⎤
⎢ ⎥
⎣ ⎦

J
e X X A A A

J
 

[ ] ˆ,  0 ,    = ,s r
r r r

m

Ts s
s qsds

L L
C

L
V V σ

ω ω ω= = Δ = −⎡ ⎤⎣ ⎦ C IV  

 
When Lyapunov function defines as (24), the time 

differentiation of Lyapunov function (V) depending on 
time and it can be expressed as (25). The Adaptive Law of 
speed estimation can be expressed as (26) by nullifying the 
sum of second and third terms on the right-hand side. 

 
 ( )2ˆ /T

r rω ω γ= + −V e e  (24) 

 
( ) ( ){ }

( ) ˆˆ ˆ          2 / 2

TT

s s r
r qr riqsids dr

d
dt

d
e e c

dt
ω

ω λ λ ω
γ

= + + +

− Δ − + Δ

V e A GC A GC e
 (25) 

 ( )ˆ ˆ
ˆ

s s
qr iqsids dr

r
d

dt

e e

c

γ λ λ
ω

−
=  (26) 

 
where ˆs s

ids ds dse i i= − , ˆs s
qs qsiqse i i= − . 

Because the speed of induction machine changes very 
fast, substantially PI controller used to increase conver-
gence speed of the speed estimation (27). General block 
diagram of speed adaptive observer is shown in Fig.4. 

 

 
( )
( )0

ˆ ˆ

ˆ ˆ

ˆ

t

s s
r p qr dr

s s
qri dr

K

K

iqsids

iqsids

e e

e e d

λ λ

λ λ

ω

τ

= −

+ −∫
  (27) 

 
where the observer gain matrix(G) is given as follows: 

 

1 2 3 4

2 1 4 3

Tg g g g

g g g g
=

− −

⎡ ⎤
⎢ ⎥⎣ ⎦

G  

1 11 22 2 22
2

3 11 21 11 22

4 22

( 1)( ),  ( 1)

( 1)( ) ( 1)( )

( 1)

r r i

r r r r

i

g k a a g k a

g k ca a c k a a

g c k a

= − + = −

= − + − − +

= − −

 

 
Fig. 4. General block diagram of adaptive speed observer.
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4. Equivalent Wind Model 
 

4.1 Rotor model 
 
The rotor model is derived from the torque generated 

from the turbulence in the rotor plane. Parameters of wind 
turbine in the rotor plane are shown in Fig. 5. 

The aerodynamic torque is given as the sum of the blade 
root moments [13]. 

 

 
3

1
( ) ( )ae b

b
T t M t

=
= ∑  (28) 

 
0

( ) ( ) ( )( ( , , )) )
R

m mb brM t M U r u t r U drψ θ= + −∫   (29) 

 
0

3

1
( ) 3 ( ) ( )( ( , , ) )

R
ae m mbrb

T t M U r u t r U drψ θ
=

= + −∑∫  

 
0

3

1
     3 ( ) ( )( ( ) )

R
m eq mrb

M U r u t U drψ
=

= + −∑ ∫   (30) 

 
The aerodynamic torque equation can be summarized as 

follow equivalent wind speed equation.  
 

 
3

1

1
( ) ( , )

3eq b
b

u t u tψ θ
=

= ∑   (31) 

 0

0

j
,

( ) ( , , )
( , ) ( )

( )
b

R
b kr

b kR
k

r

r u t r dr
u t u t e

r dr

θ
ψ ψ

ψ θ
θ

ψ

∞

=−∞
= =
∫

∑
∫

%   (32) 

 
Substituting the weighted wind speed ( ( , )bu tψ θ ), the 

equivalent wind speed can be approximated by the sum of 
the 0th and 3rd harmonic components. 

 

 

j3
,0, 3

,3

, 3

( ) ( ) ( )

2 Re{ ( )}cos(3 )

            2 Im{ ( )}sin(3 )

WTR

WTR

WTRk
eq k

k
u t u t e u t

u t

u t

θ
ψψ

ψ

ψ

θ

θ

∞

=−∞
= ≈

+

+

∑ % %

%

%

  (33) 

 
3rd azimuth expansion coefficient ( , 3 ( )ku tψ% ) is 

determined by the turbulence model and tower shadow 
effect. 

 
4.2 Turbulence model 

 
The turbulence model generates the azimuth expansion 

coefficients of the turbulence field ( , , ( )k turbu tψ% ). The power 
spectral density (PSD) of , , ( )k turbu tψ%  can be obtained by 
multiplying the PSD of the wind speed in a fixed point and 
admittance function [13]. 

 
 , ,

( ) ( )  ( )
k k uu uS f F f S f

ψ ψ
= ⋅% %  (34) 

 
Using the numerical results by P. Sørensen [16] and W. 

Langreder [17], the 0th and 3rd harmonic components of 
equivalent wind speed can be fitted to linear filters [13]. 

 

 
2

2

0

3

,

,
0

0.99 4.79
( )

1 7.35 7.68( )
0.0307 0.277

( ) ,   
1 1.77 0.369( )

b

ds
H s

ds ds
Rds

H s d
ds ds V

ψ

ψ

+
≈

+ +

+
≈ =

+ +

  (35) 

 
4.3 Tower shadow effect 

 
Parameters of tower shadow effect are shown in Fig. 6. 

The wind speed which is affected by tower shadow effect 
can be represented as [14] 

 

 
( ) ( )

( )

2 2 2

22 2

/ 2
1 t

tow m
D x y

u U
x y

−
= −

+

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎝ ⎠

 (36) 

 
Considering overhang and diameter of tower of 

reference generator, x/D which is real distance of blade is 

 
Fig. 5. Parameters of wind turbine in the rotor plane. 

 
Fig. 6. Parameters of tower shadow effect. 

Fig. 7. Overall process for generate equivalent wind model.
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defined as 1.513. Finally, tsC  can be approximated as 
 

 
3
tow

ts
u

C ≈  (37) 

 
As a result, overall process to generate equivalent wind 

model ( _ ( )eq wmu t ) are shown in Fig. 7. 
 
 

5. Simulation Results 
 
To demonstrate the performance of sensorless vector 

control, simulation works in PSIM with Microsoft Visual 
Studio 2010. The motor and generator set consists of 22kW 
and 11kW respectively. Parameters of two induction 
motors are shown in the APPENDIX respectively. 

Fig. 8 shows the overall control scheme. The motor 

control inverter generates the torque reference for motor 
control using equivalent wind speed and power coefficient. 
The back to back converter controlled the generator part 
and grid connection system. The generator side converter 
carried out generator speed control, current control and two 
kinds of sensoreless controls. The grid side converter 
carried out DC link voltage control, reactive/active power 
control, phase locked loop (PLL) control and satisfied the 
requirements of gird code. 

Fig. 9(a) shows the equivalent wind speed increase from 
zero to 11.4m/s and includes turbulence model (turbulence 
intensity is 19.8%) and tower shadow effect. Cut-in wind 
speed is 3m/s and rated wind speed is 11m/s. Fig. 9(b) 
shows the active power. The active power generated from 
induction generator shows in black line and the active 
power flowing to the grid shows in gray line. The 
generated power is depending on the wind speed. When the 

 

Fig. 8. Overall control scheme 

 

 
Fig. 9. (a) Equivalent wind speed; (b) Active power from 

generator(black) and flowing into the grid(gray). 
 

 
Fig. 10. (a) Power coefficient (Cp). (b) Tip speed ratio. 
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equivalent wind speed is greater than cut-in wind speed 
(3m/s), an induction generator start to generation. When 
the equivalent wind speed is stronger than the rated wind 
speed, the output active power is limited by blade pitch 
control. 

Fig. 10 shows the tip speed ratio and power coefficient 
(Cp). In Fig. 10(a), before the cut-in wind speed, the tip 
speed ratio increases over the optimal value but after a few 
seconds, controlled to be optimal value. In Fig. 10(b), the 
power coefficient is a function of tip speed ratio. After the 
cut-in wind speed, the power coefficient controlled to be 
maximum value. 

Figs. 11(a), (b) shows the estimated d-q axes rotor flux 
in stationary reference frame. Figs. 11(c), (d) shows the 
estimated d-q axes rotor flux in synchronously rotating 

reference frame. In Figs. 11(c), (d), the estimated d-q axes 
rotor flux rapidly converge to reference value. 

Fig. 12 shows the estimated(black) and simulated(gray) 
generator rotor speed. By rotor speed-torque control 
strategy, the rotor speed controlled from zero to rated speed. 
The NREL 5MW control strategy is scaled down to fit 
11kW induction generator. In Fig. 12, the ASO estimation 
method shows better rotor speed tracking performance than 
the MRAS estimation method. 

Fig. 13 shows the generator rotor speed error between 
simulated and estimated value. In Fig. 13(a), speed error of 
MRAS estimation method is about ± 5[rad/s] and little 
increase in high speed operation area. In Fig. 13(b), speed 
error of ASO estimation method is about ± 1[rad/s] with 
some peaks. In overall speed operation area, the speed 
tracking by ASO method shows good performance. 

Fig. 14 shows the estimated(black) and simulated(gray) 
rotor position from π−  to π  rad/s. The estimated rotor 

Fig. 11. Estimated d-q axes rotor flux. 
 

 
Fig. 12. Estimated and simulated rotor speed: (a) MRAS;

(b) ASO 

Fig. 13. Rotor speed error: (a) MRAS; (b) ASO 
 

 
Fig. 14. Rotor position: (a) MRAS; (b) ASO 
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position very quickly follows the simulated rotor position. 
As shown in the Fig. 14(b), ASO estimation method shows 
better performance. 

Fig. 15 shows the rotor position error. The position error 
of MRAS(gray) estimation method is about 3[deg]. The 
position error of ASO(black) estimation method is within 
± 1[rad/s]. The position tracking by ASO method shows 
good performance in wide speed operation area. 

 
 

6. Conclusion 
 
In this paper, the sensorless vector control scheme of 

induction motors for wind energy application based on 
MRAS method and ASO method is described and 
compared. The vector control implement by using motor 
control inverter and back-to-back converter. Through the 
MRAS and ASO, the generator rotor speed and position 
can be estimated. Analyses and simulation results show 
that ASO estimation method has better performance than 
MRAS. The speed and position error from ASO method 
is about 3% and about 2% respectively. The speed and 
position error from MRAS method is about 5% and about 
4% respectively. As a result, simulation results demonstrate 
the proposed sensorless algorithms fulfill the requirements 
of wind energy system in wide operating area 

 
 

Apeendix 
 

Parameters of 22kW induction machine: 

Primary voltage 220[V], primary current 74.6[A], 
22[kW], four poles, 1765 [r/min], Rs = 0.041[ohm], Ls = 
13.35[mH], Rr = 0.024[ohm], Lr = 13.65[mH], Lm = 13.25 
[mH] 

 
Parameters of 11kW induction machine: 

Primary voltage 180[V], primary current 45[A], 11[kW], 
four poles, 1750[r/min], Rs = 0.069[ohm], Ls=14.115[mH], 

Rr = 0.044[ohm], Lr = 14.115[mH], Lm = 13.2[mH] 
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