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Abstract

Magnetic flux saturation and variation of the temperature during the operation of the motor causes a variation of inductive and resistive stator
and rotor parameters. This article deals with these disturbances by backstepping technique with two Actions full. The first integral action applied
to the speed and torque control aims to reinforce the robustness of the controller in the face of varying parameters. Second integral action is to
reinforce the robustness of the control flow and the stator currents and rotor facing the parameter variation. The control technique is applied from
a new model in the reference frame (a/p) whose state variables are constant in steady state unlike the conventional model. The performance of
the control system is tested in a simulation in the Matlab/Simulink environment. The results show good transient performance and good tracking
of the speed and rotor flux references. There has also been a good rejection of interference, due to variations load torque, of the reference of the

rotor flux, mutual inductance and the rotor resistance.

Keywords: Wound rotor induction motor, Backstepping control, Integral action, Speed control, Rotor flux control.

INTRODUCTION

The control of asynchronous motors has undergone
considerable evolution over the last four decades thanks to the
advent of power electronics and computers. These motors can
now be used at variable speed and thus optimize their energy
consumption. In addition, asynchronous motor because of the
advantages it presents (robustness, lower costs, reduced
maintenance) occupies a large share in the drive systems
market. The first advanced techniques for controlling
asynchronous motors, called vector control, made those of
Branchk and Hass. This control technique made a radical
change to the control of induction motors, as it brought good
quality of motor performance in dynamic regime (Singh ef al.,
2005; Santisteban and Stephan, 2001). The input-output
linearization control generalizes the flow orientation control by
ensuring the decoupling and the linearization between the
inputs and the outputs (Chiasson et al, 1992; Zaidi et al.,
2014). This method assumes that all the state vectors are
measurable and thus design a nonlinear state feedback control
which ensures the stability of the closed loop system. This
design is made possible by using the mathematical tools of
differential geometry for the change of variable, and this in the
Park coordinate system (d/q) in order to ensure that the new
state variables are constant in steady state (Bodson et al.,
(1994). This change of reference increases the calculation time
of the command. The direct torque control (DTC) gives the
possibility of directly controlling the torque and the flux of the
machine without going through tedious calculations of
reference transformation (Ozkop and Okumus, 2008). But its
drawback lies in the variation of the flux when it is outside its
hysteresis band and its switching frequency which has given
rise to some research work ( Kang, Jun-Koo, and Seung-Ki
Sul, 1999; Lascu, Cristian et al., 2016; Zahraoui et al., 2019).
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Technique (ENSET),

Since the 1990s, the nonlinear control called "Backstepping"
will become one of the most popular controls for a wide range
of classes of nonlinear systems including the asynchronous
motor (Kristic et al, 1995; Okou et al, 2009). It is
distinguished by its ability to easily ensure the overall
stabilization system (Khalil and Grizzle, 2002). The design of
the control law is mainly based on the construction of the
associated Lyapunov functions. The application of the
Backstepping command for the asynchronous motor can be
done in two ways. The first method, the most used, is applied
with oriented flow control. This method simplifies the
asynchronous motor model, and the implementation of the
Backstepping technique becomes easier (Tan, 1999; Fateh and
Abdellatif, 2017). The second method uses the engine model
by performing a deep analysis in order to build a regression
matrix. This method is seldom used. The engine parameters
change due to temperature change (rotor resistance) and
magnetic saturation (in stator inductance, rotor and mutual)
(Ostovic, 2012), during operation considerably affects the
efficiency of the order. This variation of the parameters
generally has the effect of establishing a steady state error
when following the trajectory of the velocity and the flow.
This problem has led to robust versions s and adaptive controls
mentioned above (Barambones and Alkorta, 2011; Mehazzem
et al., 2011; Zaidi et al., 2014; Hajji et al., 2019; Aichi et al.,
2020). However, these controls are designed in the axe (d/q) to
ensure that the state variable model of engine is constant
steady state. In practice, the calculation of the rotor angle 6 r
necessary for the change of reference frame (abc to dq)
increases the execution time of the control algorithm. In the art
work of (Ekang et al., 2020), a new model is proposed. This
model has the advantage of having state variables expressed in
the reference (o / ) are constant in steady state. In order to
deal with the problem of parameter variation, we apply in this
research the Backstepping technique with two integral actions
for the control of the speed and the rotor flux. The
Backstepping technique with integral action is designed from
the energy model proposed by (Ekang et al, 2020). The
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advantage of applying this technique to this model is to reduce
the execution time of the control algorithm. This saving in
calculation time offers the possibility of adding two integral
actions to ensure the robustness of the command in the face of
parameter variations. This is the main contribution of this
article. In order to achieve the objective of controlling the
speed and the rotor flux in the face of the variation of the
motor parameters, virtual models in the form of regression are
obtained after analysis from the energy model. This article
begins with a presentation of the new energy model of the
engine in section II. In section III, the design of the
Backstepping control with integral action is carried out. The
analysis of the overall stability of the control is performed in
this section. In section IV, the results following a test protocol
are presented and discussed. This study was validated by
simulation in the Matlab/Simulink environment.

WOUND ROTOR OF INDUCTION MOTOR MODEL

Variables of new dynamic model of wound rotor of
induction motor

The energy model (Marino, R and al (2010))is suitable for
the numerical simulation of the asynchronous machine with a
view to making an analysis of its dynamic behavior. It would
be inappropriate for the design of a control system for the
machine using non-design techniques linear moderns.

di, LR . MR . Mo Mo, I
T T ket Lg* Ly t——hy+—"U,
dt A A A A A
di LR . MR A Mo MLo. L
=" Lpt——Ls— Ly — Lot —"ly
dt A A A A A (1)
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dt A e T b AP NN
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S byt g T, ba =7 U
dt A A A A A

With: A=L L —M*

L. Liand M: are  respectively  the rotor, stator
and mutual inductances. R.and  Rgare  rotor and stator
resistance .i,, iy are the components of the rotor currents in
the (a/P) reference frame. w is the rotor speed in rad /s.

In fact, these methods of design require of models whose
variables of state are constant permanent regime. That's not the
case of the model energy whose components alpha and beta
stator currents and rotor are sinusoidal in scheme permanent.
This problem could be solved by transforming the frame of
reference (a/P) to the frame of reference d/q. It is well known
that the components d/q variable machine power is constant
permanent regime. However,the main disadvantage of the d/q
transformation is that it must be used in conjunction with its
inverse transformation and both transformations are nonlinear
and variables over time. Indeed, it depends on the angle of the
rotor which is a variable dynamic. The use of these two
transformations can therefore be very costly in computing
time. In the work of (Ekang ef al., 2020), a new representation
of the asynchronous machine is made in the repository (a/B)
with the constant state variables steady. The change of
variables which is proposed is nonlinear and static. The new
model is therefore ideally suited for the use of modern
nonlinear design methods such as feedback linearization and
the recursive Backstepping command. The state variables for
modelling the asynchronous machine are as follows:

Z = iraisﬁ _irﬂisa (2)
CD_ sa 1a+lsﬂzﬁ (3)
_ 1 .2 .2
R=_(7 +2) )
1
S = 2( i ) (%)

The wvariable ) is proportional to the electromagnetic
torque. The variable @ is the dot product between the stator
and rotor currents. The physical meaning of this variable
remains to be determined. The variable R is the square of the
RMS rotor current. The variable S is the square of the RMC
stator current.

New model of wound rotor of induction motor

The dynamics of the new model is obtained by deriving the
new variables identified by equations (2) (3) (4) and (5) and by
taking into account the dynamics of the motor speed. The
model is:

2
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Where T is the load torque N.m. J is the moment of inertia.

We note the presence U and Ug inputs defined as follows:

=l Uy, Tl

rasa (11)
Uy =T U, +iU,

sa”sa

These new inputs are the dot products of the components of the
stator voltages and the rotor currents respectively. The
dynamic of the angles of the rotor flux at their reference
values. They are not shown for simplicity but also because
they are not useful for the design brought toeto the next
section.

BACKSTEPPING CONTROL DESIGN

The model shown in the previous section is used in this section
for the design of the control system. It should be remembered
that all machine state variables are measurable. We propose to
control the mechanical speed and the rotor flux at their
reference  values. The model of the machine is
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nonlinear. Therefore, we propose the use of the recursive
design method called Backstepping to obtain the structure of
the control system and the control laws. The design method
makes it possible to structure control system in two loops
consisting of a speed control in series with a torque control and
flux control in series with a current control.

Integral Backstapping control for speed and torque

For the design of speed and torque control loop, dynamics of
mechanical speedo and that of Xshould be used such that:

Qm =0-0,,

oMy L

J g
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2
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The integrator is defined for the speed and torque control by
considering the dynamics of speed error as a state variable.

e,error is therefore Qg and its dynamic is :

(13)

el =w- a)re/’

o,7s reference value of the mechanical speed.

Expression ofwfor which the dynamic of error is defined
negative is :

o =—ke +o,, (14)

w *is not real input of the system, we defined an errore,.

Q=0-0 (15)
From equations (13) and (14), we can rewrite dynamics of
eserror as function e; :

(16)

é =—ke +e,

From equations (13) and (15), dynamics ofeserror gives:
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Equation (17) makes it possible to determine the value that the
variable Xshould have in order to make’s speed errors
converge towards zero. This desired value of Xvariable has the
expression :

. J

T,
2 =ﬁ(7l_kzez+k1(w_a)ref')_elj (18)

Next step will make it possible to determine the expression of
Ulwhich causeXvariable to converge towards its reference
which is £ . To do it we define the following error.

e, =2-% (19)

Equations (18) and (19)make it possible to rewrite the
dynamics of speed error ejas follows:

e, =—e —k,e, +763 (20)
Dynamics ofeserror give:
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Expression of U,is determined in such a way that the dynamic
eerror converges towards zero in a closed loop. We obtained

U - RL +RL, - 2ML (1) St 2ML (1) R
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Close-loop dynamics of ejerror obtained by substituting
equation (21) in equation (22).

. 2R, (23)
e, =—kye, + L—e4

”

In the next section, design of flux control is presented.
Backstepping control with integral action is also used to
structure this control loop.

Backstepping control design for rotor flux and current

The objective being to control the rotor flux, it is necessary to
express this stream depending on variables state of
the machine. In addition to integrators, virtual model into
triangular form to control the flux control and current control
is:

Qw =Y, _\IIZFref
R 2R
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2 3 2
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The controller for flux control and current stator and rotor is
thus designed from the system equation (24). Integral action is
added to the controller by defining the change in variable
described by the first equation of the system (24).



571 International Journal of Science Academic Research, Vol. 01, Issue 08, pp.568-574, November, 2020

The dynamics of the flux modulus error which introduces the
integral action is described as follows:

é4 = \PZr - \Percff (25)

Expression'?,, which makes it possible to converge dynamic e,
towards zero is :

\PZ)‘ = _k4Q‘¥ + \le‘)‘é’f (26)

Equation (26) is not real input to the system, so we defineits
error as:

eS = \PZr - \P;r (27)

From equations (26) and (27) we can rewrite the dynamic of
egerror as a function ofe; error:

é,=es—k,Q, (28)

By deriving equation (27) and substituting equation (24), (26)
we determine dynamic e error:

. R 2R,

r r

(29)

Equation (29) gives the expression of Kvariable must have in
order to make the dynamics of esconverge towards zero. This
value is noted K* and has for the expression:

* L"
K = m[—kses - 84 +

-

%\Pz;- - k4 (Tz;- - \sz)f )J (30)

The following section will determine the expression of U2
which will allow K to converge towards its reference K.

We define the following error of currents:

e, =K-K’ 31

Equation (29) of dynamicseserror can be rewritten as a
function of e4errors such that:

. 2R
b5 =—kse; —e, + L_re(y (32)

'

Differentiating equation (31) and by substituting equations
(24), (29) and (30) we obtain the dynamics of es error
following:

és = ZRf)Lf - ZR’LA/'MZ S+ (RI'M3 _ARSMLZ') o
MLL -~ ML, s
+%a)§ +U, +j(\112, ¥,

' (33)

L R R 2R
+—L| ky+ L || LY, +—LK
2R, L)\ L L

7 7

L R 2R,
+21,2 ks[_flyzr"' L K+k4(LP2r_LP2r‘rE/)j

r r

Following equation is proposed for U, :

2 2 R M*— R MI?
2_72R,LSL,+2RSL,M Si( . g r)q)
A A A
MLL - ML, L
7¥@;+ o (¥, =W, ) (ks +1)  (34)

"

R
(=¥, +2K)[er4 +3

”

1 2R
ks][‘res —kseg

”

The closed-loop dynamics of e; obtained by substituting
equation (33) in the equation (34).

2R (35)

,
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Output Controller expression

This section allows to determine the expressions s of the motor
control inputs which are the o/ components of the stator
voltages uy, and uy, They are  obtained from Ujand U,
determine previously. Equations (22) and (34) allow us to
have the following matrix system of equations:

M. L. M. L. (36)
|l t s Tl Ty
A A A A u,] [U,
M. LM M. LM || U
Lyt L Ly+ Lp
A A A A
Real input u,, and ug, have for expression:
! (37)
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1
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Figure 1 following represents the structure of the speed control
system and the proposed stream. There are indeed two control
loops. The first loop consists of a control of speed followed by
a control of torque. The speed command generates a reference
to the torque command. The second loop contains a flux
module control in series with a current control. The reference
of the current control is generated by the flow control. The
control structure obtained by applying the recursive method
Backstepping is similar to the conventional control structure of
asynchronous motors. It nevertheless has a considerable
advantage which is that it is nonlinear and it makes it possible
to guarantee the closed-loop stabilization of the system. The
proof of stability is shown in the next section.

o, ] )
N/ Equation (14) Eq("]“g‘)‘““ +?~> Eq;‘;’z')‘““ L » U,

Py o z Equation (36)
WYirr - oot —
. Equation (26) E“;';':;"" q;';; o /i

" Y K

Figure 1. Backstepping with integralactions structure
control

(=}

Global stability analysis

Stability analysis is done by the Lyapunov method. We define
the following Lyapunov candidate function:
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1
V:E(ef+e§+e32+e§+e52+e§) (38)

V derivative is obtained from equation (38), it gives:

s ) ) ) ) ) (39)
V =ee +ee, +ee t+ee, +ees+ee

By replacing (22),(26), (37)and (34)in equation (39) we have:
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2R :
L +e,| ke, - T, e

Tre,
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v <0 for allk>0{i=1,2,3,4,5,6}. It is easily noted that this
candidate function is positive definite the system is therefore
asymptotically stable. Therefore, the motor speed and the rotor
flux will converge towards their reference values.

Global Structure Control

components (abc). This three-phase voltage is applied to the
module of the converter DC/AC power electronics. The
outputs of this inverter are applied to the stator of the motor.
The gains ki, k, k3, kq, ks and keof the controller, the maximum
values of the stator voltagesare as well asthe motor
parameters given in the appendix. The following section
presents the results of the simulations performed to validate the
performance of the proposed control system.

RESULTS AND DISCUSSION

A. Test Description

A single test over 10s is carried out in order to verify the
performance of the proposed command faced with the
variation of the load torque (TL), of the reference speed
(@ rer) , of the reference flow (¥ .r) and of the parameters of
motor. From 0 to t=4s the machine is in steady state and e
cload torqueis TL = 4902.6 Nm. The mechanical speed
@ o= 378.14 rad/s, the rotor flux is ¥ 5, cr= 4.494 Wh. At t =
3s, Rs increases by 10 times its nominal value. We wish to
observe the robustness of the speed control in the face of this
variation. At t=4s,the mechanical torque of the load is
increased to TL=8171 Nm. The speed and flow set points are
respectively @ ,,,= 378.14 rad / sand ¥ = 4.494 Wb. We
wish to observe the dynamics of the electric torque Te, of the
mechanical speed w and of the rotor flux during an increase in
the load TL.

e B T PR .
Integral Backstepping control | Transformation Lsa Wound
| nregra |u mﬂﬂ:ﬂlﬂ 0.”‘ ro.mr
Wref ) i Speed Torque | {77 e A of induction
peed control control | > of ¥ motor
| PWM M
® @ = | i i
; ]
?Z”eﬂ it Flux Current . | - abe Isc ~
action of . - [/ i N\
du control control | el \
\
l;"? ______ Y o _E _ — 1 converter i
\
\
|| R| S|P, K T \
\
Ty Directe O P
@ Transformation
of
I— —_— —_— —_ —_—— Concordia .
le m Z lra
I ] aff W =
| i Ly
| | vistmead o Virtual mods] Fux : i i
speed contral to fuxemtrol elsculation I Ly be |« e
' ®
I + * * |4 iss <
I | af
| New Energy model of wound rotor of . <
induction motor | Ip
| |< abe |*
I Variables transformations |

Figure 2. Global Structure Controller

Figure 2 shows the control system of the induction motor rotor
is wound. It is noted that the three-phase stator and rotor
currents as well as the speed of the motor are
measured. The o/ components of the currents are then
obtained using two Clark transformation moduli. Then, the
variable change module proposed in this article is used to
power the module which calculates the o/f components of the
stator voltages applied to the motor. The module transforms
the o/p components of the stator voltage into three-phase

At t =5s, R=5R y the rotor resistance increases by 5 times its
nominal value. We wish to observe the robustness in the face
of the variation of the rotor resistance. At t=6s, the value of the
speed reference is reduced to w ,,=295.51 rad/s. The
mechanical torque and the flux reference remain
unchanged: TL=817INm and ¥ ,,; s=4.494 Wb. We wish to
observe the dynamics of the electric torque T, of the speed of
rotation w and of the rotor flux when the reference speed is
reduced. At t=7s the L,, Ly and Lm increase respectively by
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40% of their nominal value. At t=8s, the reference value of the
rotor flux is reduced to W ,..=3.177 Wb. The mechanical
torque and the mechanical speed reference are unchanged:
TL=8171 Nm and w ,,,=295.51 rad/s. We wish to observe the
dynamics of the electric torque Te, of the mechanical
speed w and of the rotor flux during a reduction of the
reference flux.

Results of the test

18000
—_—T
16000 T,
14000
12000
10000
= 000 A~ \ P
Z v
6000 N
4000 /I
2000
0
-2000
0 1 2 3 4 5 6 7 8 9 10
Time(s)
Figure 3. Load torque and electric torque variation
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Figure 4. Speed variation
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Figure 5. Flux modulusvariation
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Figure 6. Stator voltage variation
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Figure 7. Stator current variation
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Figure 8. Rotor current variation
Discussion

At t = 4s, the load torque varies (Figure 3) increasing up to
8171 N.m, we observe in figure 4 a slight variation in speed
then quickly returns to its reference trajectory. At t = 6s the
speed varies, in FIG. 3, a reduction in the electric torque is
observed, then quickly returns to the value of the load torque.
In figure.5, the rotor flux increases and then stabilizes at its
reference value. At t = 8s, the flux (figure 5) is reduced; in
figure. 4 and figure.5, a slight variation in the electrical torque
and in the speed is observed, then return to their reference
value. The control system is robust against the variation of
load torque, speed and rotor flux as in (Horch et al., 2017). At t
= 3s, 5s and 7s, the stator and rotor resistance and the stator,
rotor and mutual inductances varying. It can be seen in FIG. 3
that the electric torque reduces and quickly returns to the value
of the load torque. In figure.4, the speed reduces then quickly
returns to its reference value. In Figure 5, the rotor flux is
reduced then returns to its reference value. The control force U
is then increased (figure 6) and the amplitudes of the stator and
rotor currents remain constant (figure 7 and figure 8). The
system is therefore robust in the face of wvariations or
uncertainties to motor parameters such as in (Mehazzem et al.,
2011). This robustness is provided by the addition of integral
action in the control loops.Failure to do so will result in a
steady state error in rotor speed and flux rotor.

CONCLUSION

In this work, Backstepping control with integral action for
controlling the speed and rotor flux has been applied to wound
rotor motor of induction motor in order to enhance its
robustness to the variation of these parameters. The control
was designed on an energy model in which the state variables
in the o/f frame of reference are constant in steady state.
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Moreover, the triangular structure of this model corresponds to
the recursive character necessary for the design of the
Backstepping control. The recursive Backstepping design
method with integral action was used to propose a control
structure in which a speed control loop in series with a torque
command to control the mechanical motor speed, and a
different loop flow control in series with a current control to
control the rotor flux of the machine. The proposed control
system was then tested in simulation in my Matlab/Simulink
environment. The results show the effectiveness of the
proposed command. The speed and flux controller is robust
against disturbances due to variations in load torque and
variations in motor parameters. The motor model does not take
into account the saturation functions of the magnetic flux.

Appendix:

Wound rotor of induction motor parameters

Motorloadinertia J=63.87 Kgm2
Stator resistance R=0.029 ohm
Rotor resistance R=0.022 ohm
Stator inductance L=0.0352 H
Rotor inductance L=0.0352 H
Mutual inductance | M=0.0346 H
Max voltage stator | 2.5 kV

Gains of controller

K, 20
K, 100
K; 50
K4 12
Ks 60
Ks 30

REFERENCES

Aichi, B., Bourahla, M., Kendouci, K. and Mazari, B. 2020.
Real-time nonlinear speed control of an induction motor
based on a new advanced integral backstabbing approach.
Transactions of the Institute of Measurement and Control,
42(2), 244-258.

Barambones, O. and Alkorta, P. 2011. A robust vector control
for induction motor drives with an adaptive sliding-mode
control law. Journal of the Franklin Institute, 348(2), 300-
314.

Bodson M., Chiasson J., and Novotnak, R. 1994. “High
performance induction motor control via input output
linearization,” IEEE Control Systems Magazine, vol. 14,
pp. 25-33.

Chiasson J., A. Chaudhari, and M. Bodson, 1992. “Nonlinear
controllers for the induction motor,” in Proc. IFAC
Nonlinear Conrrol System Design Symp., Bordeaux
France, pp, 150-155.

Ekang, D., Kouya, D. N. and Okou, F. 2020. Nouvelle
approche pour la conception d’une commande non linéaire
du moteur asynchrone a rotor bobiné. Afrique SCIENCE,
16(3), 51-62.

Fateh, M. and Abdellatif, R. 2017. Comparative study of
integral and classical backstabbing controllers in IFOC of
induction motor fed by voltage source inverter.
International Journal of Hydrogen Energy, 42(28), 17953-
17964.

Hajji, S., Ayadi, A., AgerbiZorgani, Y., Maatoug, T., Farza,
M. and M’saad, M. 2019. Integral backstabbing-based
output feedback controller for the induction motor.
Transactions of the Institute of Measurement and Control,
41(16), 4599-4612.

Horch, M., Boumediene, A. and Baghli, L. 2017. MRAS-
basedSensorless Speed Integral Backstepping Control for
Induction Machine, using a Flux Backstepping Observer.
International Journal of Power Electronics and Drive
Systems, 8(4), 1650.

Kang, Jun-Koo, and Seung-Ki Sul, 1999. "New direct torque
control of induction motor for minimum torque ripple and
constant switching frequency." IEEE Transactions on
Industry applications 35.5: 1076-1082.

Khalil, H. K. and Grizzle, J. W. 2002. Nonlinear systems (Vol.
3). Upper Saddle River, NJ: Prentice hall.

Krstic M., Kanellakopoulos 1., Kokotovic, P.V. 1995.
Nonlinear and Adaptive Control Design, Wiley, New York.

Lascu, Cristian et al. 2016. "Direct torque control with
feedback linearization for induction motor drives." IEEE
Transactions on Power Electronics 32.3, 2072-2080.

Mehazzem, F., Nemmour, A. L., Reama, A. and Benalla, H.
(2011, September). Nonlinear integral backstabbing control
for induction motors. In International Aegean Conference
on Electrical Machines and Power Electronics and
Electromotion, Joint Conference (pp. 331-336). IEEE.

Okou, Francis A., DonatienNganga-Kouya, and Mohammed
Tarbouchi, 2009. "A backstabbing approach for the design
of a nonlinear controller for a two-wheeled autonomous
vehicle." 2009 Canadian Conference on Electrical and
Computer Engineering. IEEE.

Ozkop, E. and Okumus, H. 1. 2008. Direct torque control of
induction motor using space vector modulation (SVM-
DTC). In 2008 12th International Middle-East Power
System Conference (pp. 368-372). IEEE.

Riccardo Marino, Patrizio Tomei, Cristiano M. Verrelli, 2010.
Induction motor Control, Springer-Verlang London.

Santisteban, J. A. and Stephan, R. M. 2001. Vector control
methods for induction machines: an overview. [EEE
Transactions on Education, 44(2), 170-175.

Singh, G. K., Nam, K. and Lim, S. K. 2005. A simple indirect
field-oriented control scheme for multiphase induction
machine. [EEE Transactions on Industrial Electronics,
52(4), 1177-1184.

Tan, H. 1999. Field orientation and adaptive backstabbing for
induction motor control. In Conference Record of the 1999
IEEE Industry Applications Conference. Thirty-Forth IAS
Annual Meeting (Cat. No. 99CH36370) (Vol. 4, pp. 2357-
2363). IEEE.

Zahraoui, Y., Akherraz, M. and Fahassa, C. 2019. Induction
motor DTC performance improvement by reducing torque
ripples in low speed. UPB Sci. Bull., Series C, 81(3), 249-
260.

Zaidi S., F. Naceri, and R. Abdssamed, 2014. "Input-Output
Linearization of an Induction Motor Using MRAS
Observer," International Journal of Advanced Science and
Technology, vol. 68, pp. 49-56.

Zaidi, S., Naceri, F. and Abdssamed, R. 2014. Input-output
linearization of an induction motor using MRAS observer.
International  Journal of Advanced Science and
Technology, 68, 49-56.

* ok ok kK Kk



