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Abstract: The current paper presents a new, Direct Torque and Flux Control strategy based on
sliding mode control (SMC) and space-Vector Modulation (SVM) is proposed for induction
motor Sensorless drives in order to solve existing problems in conventional control by Direct
Torque Control (C-DTC); such as, high flux, torque and current ripple, and variable switching
frequency. The presence of hysteresis comparators is the major reason for high torque and flux
ripples in C-DTC. In SM-DTC, the hysteresis comparators and switching Table are replaced by
sliding mode controller. The stability and robustness of the controller are proven analytically
using the Lyapunov theory. To avoid the use of a mechanical sensor, the rotor speed estimation
is made by a sliding mode observer (SMO) based model reference adaptive system (MRAS).
The reference model is a Sensorless sliding mode observer and the adaptive model is a typical
current model. Finally, the proposed schemes are simulated under Matlab / Simulink
environment, and the simulation results show the effectiveness of the proposed Sensorless
control.

Keywords: induction motor, direct torque control (DTC), space vector modulation (SVM),
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1. Introduction

In traction systems, the overall performance of an electric vehicle depends largely on the type
of engine used. Among several types of electric motors, induction motors offer the best choice
because of their good performance: reliable operation, robustness, low cost of purchase and
virtually zero maintenance, mass power [1-2-3]. However, these advantages have long been
inhibited by the complexity of the control because of the following reasons:

e The model of the machine is nonlinear.

o  Electric rotor variables are not measurable.

e Physical parameters are most often imprecise and unknown (presence of parametric

uncertainties).
Many modern control methods have been applied to the control of the induction machine.
The direct DTC torque control technique has been widely used in industry [4]. Compared to
vector control, this technique is characterized by simplicities, high performance, and robustness.
In the DTC, a switching table is used to determine the control voltage vector as a function of
torque and flux error. Despite its simplicity, the direct control of the torque, with several
disadvantages, exhibits corrugations at the level of the torque: a deformation of the flux at low
speed, producing noise, vibrations, and losses. To solve these problems, several modern control
methods have been developed to improve the performance of conventional DTC. These have;
namely, evolved:
e The comparators and switching tables improved while the original topology is
unchanged [5-6].

e Solutions that implement the concept DTC my means space vector modulation (SVM)
[7-8].

e Couple and flux explicitly use variable structure (VSC) [9-10].

Received: February 2", 2018. Accepted: July 24™ 2019
DOI: 10.15676/ijeei.2019.11.3.9

580



Abdelkader Ghezouani, et al.

This article proposes a family of variable structures combined with the SVM technique for
the control of the 15KW power induction machine without a data sensor used to drive the wheels
of an electric vehicle to four Wheel drive (EV4WD). The direct torque and flow control is
implemented in VSC; the SVM is to reduce the torque and are ripple and ensures a constant
switching frequency. Most of the work reported in the literature deal separately with the problem
of the suppression of the sensor of events and that of lack of robustness of the control with respect
to the parameter variable. Thus, the objective of this paper is to propose a direct control of the
couple based on the SMC and SVM technique equipped with a Sensorless control based on the
Sliding mode observer based MRAS technique. This in order to improve the performance of the
speed estimator in terms of precision and convergence.

2. Model of Induction Motor
The induction motor model, with the stator currents and the stator flux as state variables, in
the stationary (a — B) reference frame can be expressed by:

X'l Xy +ayX3 +agXaXs5 a
X9 a1Xp +ayXy +a3X3Xg 0
X‘3 = a4X1+a5X3+X4X5 +/0 00U (1)
. a4X2 +35X4 +X3X5 0
X
1 a7(xoxg +XqXg)+agxs +agT | [0 0
R
i [Xl X2 X3 Xy Xs]T = [isa isg Pro Prp wr]T
with (2)
U =|ug, Usp
For simplicity, we define the following variables:
Ry R/M? RM M
a]_:——+ ,32: ,a3:
oLs oLsL, oLl oL L,
M 3p’M Pf,
Ay ==, =—,8 =Py =, ——,ag=—— ®)
T T 2 JL, J
L 2
ag—E,alozngM,Trz—r,(s:l— M ,(l:i
J 20 L, Ry LoL, oL
The estimated Torque and the square module of rotor flux linkage |¢,|? is given by
Te2 _ {alo(x2x3 - X1X4)} )
= 2,2
|<Pr| X3 +Xg

Where gy, Usg, Prar Prp, Lsar isp are respectively the stator voltage, rotor flux and stator
current vector components in (a« — ) stator coordinate system; w, is the rotor electrical
angular; Lg , L., M are stator, rotor and magnetizing inductances respectively; Ry, R, are
respectively stator and rotor resistances; T, and T, is electromagnetic torque and load torque;
], f. are the rotor inertia and fractional coefficient ; p is the number of pairs poles .

3. Sliding Mode Direct Torque Control of IM
The basic configuration of proposed control structure is presented in Figure 1. In a scheme
the torque and rotor flux of an induction motor are controlled by a sliding mode controller. The

reference rotor speed x;ef and the square of rotor flux ¢, are the input variables. The output

of the sliding mode speed controller is the reference torque Te”"f. The differences between torque
(rotor flux respectively) reference values and observer values are delivered to SM-DTC block;
the results of the controller (SMDTC) are the reference voltage (u;x, u;ﬁ). This is realized in
the inverter using space vector modulation (SVM).Where the rotor flux is estimated with sliding
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mode observer. The objective of SM-DTC design is to make the modulus of the rotor flux
vector ¢, and torque T, track to their reference value T, %" and ¢/ respectively.

T3 T é [ x5] UD.:

u i i
Sliding — Mode ““y]  space Sabe Voltage
DirectTorque vecteur source
Control ur . .
(SMDTC) sp Modulation inverter
) SVM ‘
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E Sliding Mode |l 2%F a— —1
Speed - Observer Transform La
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[x; x;]

[x; x2] @

Figure 1. Proposed Sliding Mode Direct Torque Control (SM-DTC)
for Sensorless IM drives scheme.

A. Design of the Sliding Mode Torque and Rotor Flux Controller
Define the errors as:

> ref
ere =Te—Te

A (®)
€o =0~ Qref
Where Teref and ¢, are respectively the references of torque and rotor flux norm.
~ A 12 A
o =|dr|” =%5+%5 (6)

Where, T, and @, are the estimated Torque and rotor Flux; %5, %, are the estimated rotor flux
in (¢ — pB) coordinate

e Selection of the Sliding Surfaces
The sliding mode Torque and Flux surface S = [S;  S,]7 is selected as:
t

Sl = eTe + ClJ.eTe (T)dT
0

)

Sy =€¢+Cre

Where C; and C, are positive constants.
The time derivatives of (S) we obtain the dynamical equations of the switching surface variables
as

S1=ere+Ciere = (Te— To) + ¢ (Te — To°1) ®)

Sz = €p+Cr8p = ((b_(Pref) +Co ((/[\’_ (pref)

- N o Do 5 ref = ref
S1=a19(Xp X3+ X X3= Xy X4 =X  Xg—=Tg ) +C1(Te =T ) ©)

S2 = 2(a4 (X1 X3 +Xq X3+ Xp Xg +Xp Xg) +850) — Pref +C2 €
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By substituting x,, x,, X3, X, from (1) into (9), we obtain

: . f f Lo N
S1=ay0[(cy +a1 —asg)ly — X5 (g + )] —agp Tet —CiTer +ag0n(XgUsp — XqUsy)
S2 = (Cy +2a5) ¢+ 2a4[(ay +a5)l + a0 +a4l3 + Xslo]—Co Prer — Pref + 2840(X3Usy + XgUsp)

Where

(10)
Il = Xl),\(s + X2)“(4
|2 =X2)’\(3—X1)’24 (11)
g =x2 +x5

o Selection of the Control Law
The derivatives of sliding surfaces (7) are given in matrix form as follows

S=G+DU (12)
Where, U = [Use  Usg]T is the stator voltage vector of the control law, G and D are matrices
calculated as follows

- (1)24 (1)23
D=
2a4(lX3 2a4(1X4

(13)
G =| 91 =[(cr +a1 - a5)l, %5 (agh-+1)]-ago To ¢ T¢* (14)
02 = (Cy +2a5) g+ 2a,[(ag +25)l; +a50+agl3 +Xsly]Co Pre —Oref
The form of the Reaching law used is chosen in order to avoid flux and torque ripples as follows
as
Fl =—p189n(S1) — 1S
i, (15)
T —H2 SON(S) — 25,

Where uy, U, & and &, are control gains, sign (S;) and sign (S,) is the sign function as
follows

. 1 if S>0
SNE)=11 i s<o

(16)
If the system stays stationary on the surface, then
312038%20 (17)
82 =0= SZ =0

By substituting (15) into (12), the stator voltage vector in the stationary (a, ) reference frame
is calculated as follows [11].

U~ USa: _ —D‘l{ 91+ 1y SIN(Sy) + 15 } (18)
Usp 92 + 12 59N(S2) + €25,
Where ug," and ugs” is the controlling law of flux rotor and electromagnetic torque respectively.

Considering the uncertainties parameters influence (e. g.Rs,Rr, Ls, Lr , M), equation (12) can
be rewritten as

S=(G+AG)+(D+AD)U :G+Du{ﬂ
2

(19)
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Where §,, §, are the lumped uncertainties defined as follows

{51} {Agl +Ady;U; +AdgpU, } 20)
Sy Ag, + AdyUq + AdyoU,y
By defining Lyapunov, function as,

VORESHOSC) (21)
The stability condition can be obtained from the Lyapunov stability theorem as

so-suso -6, 5 17 B

=55, ~£,5;, —fSt| — 2[Sy|+ 8151 + 8,5,
Then by choosing u; = max(6,) and u, = max(5,)

Vi(t) < €18, —27S,° (23)
By Lyapunov theory the stability of the system (23) is guaranteed

B. Design of the Sliding Mode Speed Controller

In the mechanical (1) equation of induction motor the angular rotor speed is written as:

);\(5 = ag (Te + TL) + a8),\(5 (24)
Setting f = aoT,, .Then (24) is transferred as

);\(5 = agTe + aS)A(S +f (25)
Considering uncertainties influence, (25) can be rewritten as

X5 = (ag + Adg)T, + (ag + Adg)Xs + (f + AF) =agT,™™ +agks +f + L(t) (26)

Where Aag, Aag and Af represents the uncertainties of the terms ag, aq and f respectively. L(t)
is called Lumped uncertainty, and is obtained as [12].

L(t) = AagT, + AagXs + Af (27)
The tracking speed error is written as:
e(xs) = X5 — X5 (28)

Then, the derivative of (28) can be represented as:
ref

e(xs)=RXs—X5 =age(t)+u(t)+L(t) (29)
Where U(t) =agT, +agxel +f(t) — [ (30)

The time-varying surface of the sliding mode can be defined with integral component as [13]
t
S4(t) = e(t) — (ag + 1) I e(x)dt (31)
0

The derivative of (28) can be written as
Ss(t)=e(t)- (ag +1)e(t) (32)

e Selection of the Control Law
When the sliding mode occurs on the sliding surface, then S;(t) = S;(t) = 0 and therefore
the dynamical behavior of the tracking problem in (32) is equivalently governed by the following

e(t)= (ag + 1)e(t) (33)
In order to guarantee good quality during non-sliding process and the reaching condition, the
variable structure speed controller is designed as
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u(t) = e(t) —Bsgn(Ss) (34)
Where g is a switching gain, sign(S;) is the sign function

During the sliding mode and in permanent regime, we have S;(t) = S;(t) = 0 and without
consideration of lumped uncertainty L(t) = 0.

Finally, the reference Torque control T, ¢/ can be obtained directly substituting (34) in (30).

ref

Tref :ai[xea)—ssgn(ss)—asx?f +ks —f] (35)
9

o Stability Study
A sufficient condition for this behaviour is to choose the control law, Teref of (35) if the
Lyapunov function defined as

Va() =5 S5(055() (36)
Its time derivative is calculated as
V5 () = S3(t)S5(t) = Ss(t)(é(t)— (ag + x)e(t)j = S5(H)(L(t) —Bsan(S3)) 37)

= —(L®)|-B)S3(t)] <0
Then, by choosing(|L(t)| — B) < 0, and |S(t)| # 0 the system is asymptotically stable

4. Rotor Flux Sliding Mode Observer

The proposed sliding mode observer shown in Figure 2 is based on the original system model,
where added correctors are gains with switching terms [14]. The sliding surface is the error
between the measured and estimated stator current and sign function is used to restrict this error
to zero. In general, the sliding mode observer can be expressed as follows [15-16-17]:

X . . N a O

1 a1Xq +apsX3 +agzXyXg + AIIS 0 «

X AKXy +a,X 4 — agXaXe + Asl Ug

2| lA2 2’\4 A3 375 2's +lo o o (38)
N ayX1 —agX3 — XgX5 + Aglg Usp

X3 . AN 00

agXo —agXy + X3Xg +A4IS
%, 0 0

Where, X,, X,, X5 and x, are the estimates of x,, x,, x; and x, respectively; A, A,, A; and A,
are the observer's gains in synthesizing advice 4; = [4j1  4;2] for j = 1,2,3,4.
The vector I is given by:

sign (S,)
= 39

s Lign (S2 )} 39
Moreover, the sliding surfaces are defined as follows:

el 5] «

S5 X =X,
- l{ a, - a3x5}
T azXg ao

Where (41)

T=(a,)f +(asxs)f

The choice I' is made to get a simple observer gains synthesis.
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Figure 2. Structure of sliding mode observer (SMO).

A

A:

Subtracting (1) from (38), the estimation error dynamics can be expressed in matrix from as:

€1 =agez +azXsey — Alls

62 = aze4 —a3X563 _AZIS (42)
€3 =—dg€3 — X5€y —A3|5

€4 =—ag€y + Xg€3 _A4IS

Where,

_el Xl—)’\(l

€2 _ X2 =Xz (43)
€3 X3 —)A(3

€y Xy —)24

Avre the stator currents and rotor flux estimation errors.

The observer’s synthesis therefore consists of determining gain A, and A, in order to ensure
the attractiveness of the sliding surface S = 0 and to calculate A5 and A, such that the reduced
order system obtained S(t) = S(t) = 0 when is locally stable.

A. Attractiveness of the sliding surface
Let us choose the function of Lyapunov candidate

V; = %STS (44)
The condition of attractiveness of the surface S = 0 is given by:
V,=STS<0 Vs#0 (45)
Where,
S:I{el}rr & :F[ 2y a3X5j [esj_(/\n Alz] (Sign (54)j+1;[91j (46)
) ¢, —agxs 2y ) (eg) (A Agp) (sin (S5)) e
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r{ml ‘mﬂ @7)

2(as)/*xs Xs
T2

[T x5—2(a3 P xs x},]

-|-2

(48)

my; =as

If we put

5 s

Az1 Az A2

Where, A:Fl 0}
0 3,

vaosTl(®) _ & 0 sign(s4) J(mo-m2) (e
€4 0 &) (sign(Ss)) \my my ) e,
= S4[hl —51Sign(S4)]+ Ss[hz —stign(SS] (50)
Where,
hy =e3+me; —mye
{hl 3 M€ —Myer 51)
2 =e4 + m2e1+ m162

To ensure the attractiveness of the surface S = 0, it is sufficient that the following conditions
are satisfied:

81>|h1|rmx And 82 >—|h2|m

B. Dynamics of sliding surface
The invariance property of S makes it possible to obtain the equivalent vector I;. Thus, on
the sliding surface, the dynamic (46) becomes:

0 €3 81 0
= - I 52
M LJ {0 52} ) 2
The vector I = I isequal to I, =

With the latter expression, the reduced order system is thus written
Az

- 5 5
€3 _ 81 82 €1 (53)
e' X _ﬂ —a _ﬂ €2

N * e * 5,
The correction gains A5 and A, are calculated by identification with an equivalent system with
dynamics that ensures the desired behaviour, namely:

| 0
s :_{ql } {el} With q,.q, 0 (54)
e 0 gz [e2
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|:A3:| |:“31 “32:| |:(cl a5)61 X562 (55)
g N1 D42 X561 (CZ a5)62

5. Sliding Mode Based on MRAS rotor speed observer

The structure of a sliding mode-Based on reference frame mode reference adaptive system
(RF-MRAS) for a rotor speed observer is shown in Figure 3.The scheme consists of two models;
the first is the reference model, and the second is an adjustable model. The error between the
states of the two models is fed to an adaptation mechanism to generate an estimated value of the
rotor speed which is used to adjust the adaptation model.

Lt

Voltage
source ]
inverter ] ] @

NM—e

abc/al? abc/a[i
4 ) X3 J
Sliding Mode Observer
Usq) Usp (Reference Model) Xy
>
\ v,
A
X1y N\ X3
Adjustable Model ]
Xy (Current Model) X
\ y,
eyl es| x3| x4
A VvV Vv
P

f Adaptation Mechanis
L With PI Controller

Figure 3. Proposed SMO- Based MRAS for Rotor Speed Estimation Scheme.

A. Reference Model

The reference model, usually expressed by the voltage model, represents the stator equation.
It generates the reference value of the rotor flux components in the stationary reference frame.
Since the monitored stator, voltage and current components and these are obtained from the
reference model as follows [13-18]:

- L dx
X3 = ﬁr(usa - Rsxl *GLS Flj
(56)

- L ax
X4 = ﬁr(usﬁ - RSXZ —GLS sz

B. Adjustable Model

The adaptive model, usually represented by the current model, describes the rotor equation
and the rotor flux components are expressed in terms of stator current components and the rotor
speed. The adaptive model can be expressed in terms of the following equations [13-18]:

588



Abdelkader Ghezouani, et al.

%3 =a5(Mx; —X3)— Xs%4 (57)
%4 =a5(Mx, —Xg )+ XsX3
In the new, structure SMO Based-MRAS. The sliding observer of the rotor flux is used as a
reference model due to the good performances, especially in terms of robustness and the current
model and to recalibrate with respect to this model for the estimation of the speed x5 .
For simplicity, we define the following estimation errors, respectively, of speed and rotor flux:
63 = X3 - )’\(3
e4 = X4 - )’\(4 (58)
e5 = X5 — )’\(5

Then, the derivative of the rotor flux error can be represented as:

€3 2—3533—X5X4+)’\(5)’\(4 (59)
e.4 = —3584 + X5X3 - )}\(5)}\(3
By considering the relation (58), we can rewrite (59) as follows:

€3 = —dg€3 —€5Xy —XgXy (60)
94 = —a584 +e5X3 + ),\(5)23

In order to study the stability condition of the observer’s, and then determine the adaptation
mechanism that gives us the speed estimation, we can chose the Lyapunov function as follows
2

1 1 e
V, = 3 e% +—2 eﬁ +—23 (61)

Where u is a positive constant.

The Lyapunov function derivative is as below:

€5

- - e e
V, =55+, 4+ —> :—as(e§+e§)+e5 =5 1e,X3—e3Xy (62)
u

In order to guarantee V < 0 (negative definite), we can for example force the second term to be
null. We obtain:

e .
=2 1 eyxz—egxs =0 :V:—as(e§+eﬁ)<0 (63)
0
We have:
9'5 Z*);ZS 3X—5:e4X3—E3X4 (64)
0

However, this adaptive law of the speed
X5 = HJ. (eax3 —e3xy)dt (65)

For augmented the dynamic of this observer during the transitory phase of rotor speed, we
estimate the speed by large PI regulators. Then

X5 = K (e4%3 —e3x4 )+ Kij(e4x3—e3x4)dt (66)

Where K, and K; are adaptive gains for speed estimator.
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6. Simulation Results
In order to test the static and dynamic performance of the sliding mode direct torque control

strategy SM-DTC without a speed sensor provided by a SMO sliding-mode observer based on
the MRAS estimation technique we use for the induction motor, simulation tests using Matlab /
Simulink software have been realized and discussed in this section. The parameters of the 15
KW induction motor used in the simulation are given in Table 1. The rotor flux reference has
been fixed to 0.8 Wh.

The parameters of the 15 Kw induction motor used in the simulation are shown in Table 01.
The reference of the rotor flux has been set at 0.8 Wh.

Table 1. Induction Motors Parameters

Name Parameters Unit Value
Rotor Inductance L, H 0.000991
Stator Inductance Ls H 0.000991
Mutual Inductance M H 0.06419
Stator Resistance Rs Ohm 0.2147
Rotor Resistance Rr Ohm 0.2205
Number of poles p / 2
Motor — Load inertia J Kg.m? 0.102
Rated Power Pn Kw 15
Viscous Friction coefficient f. N.m.s 0.009541

Table 2. SMDTC and SMO-Based MRAS parameters

SM-DTC Parameters SMO Parameters
H1 = 20 Kp = 105
Mo = 20 Ki=2.10°
g1 = 800 q=2.10*
g = 800 g2 =2,5. 10
C:1=0.1 8, =10°
C,=100 5, =10°
A =-12 u=2. 108
B=0.5

We will give in Table 02, the values of the gains that we chose during the simulation of the
SMDTC equipped with a speed control loop by a sliding mode controller SMC, and associated
with a SMO based on the MRAS estimation technique proposed for the estimated speed of rotor
for the induction motor. Initially, the reference speed (xsref ) was set at 100 rad/s between the
time interval t = Os and t = 3s, under the application of a load torque T, equal to 27 Nm between
instants t = 1s and t = 2.5s, then the speed reference then imposes a reversal of direction of
rotation to -100 rad / s. Followed between t = 3s and t = 4s of a constant speed regime. A second
inversion is imposed from t = 4s, to reach a reference speed x;ef = 10 rad/s, where the speed
is very low. This phase will aim to test the behavior of the control strategy proposed at low speed
in conditions close to the critical operating zone (no-observability of the machine). A third
inversion to reach again the reference speed x;“’f = 100 rad/s at time t = 5.5s (see Figure 4
(a).

Figures 4(a) and (b) show the evolution of the actual speed (xs) and the estimated speed
(%s), and the estimation error. When the motor starts empty between instants of time t = Os and

t = 1s, it is found that, the real and estimated speed join its reference (xsref =100 rad/s) with
a very fast response time (from the order of 0.28s) without overshot, and the estimated speed

(%s) by the SMO approach based on the MRAS estimator perfectly follows the actual speed
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with an estimate error of almost zero (equal to 0.01 rad / s at maximum see Figure 4 (b)) and has
small oscillations. When we increase the load torque from O N.m. to 27 Nm between time
intervals t = 1s and t = 2.5s, the estimated and actual motor speed decreases by about 0.18 rad/s
of its reference value. Then stabilizes at 100 rad/s. it is also clear that the SM-DTC control
strategy associated with an MRAS-based SMO is robust with respect to the variation of the
reference speed, since the estimated and actual speed rate tracks the reference speed at start up
as at the reversal of direction of rotation, in a very satisfactory way with minor deviations during
changes of speed (Figure 4 (b)). We can clearly see the dynamic insensitivity of the proposed

strategy for the low speed induction motor.
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Figures 5 (a) and (b) showing the actual and estimated rotor flux modulus evolution and the
estimation error. These responses show a good estimate of actual and estimated flux module
tracking to the desired value, with a low flux ripple of around 2.2% and an estimate error (Figure
5 (b)) of almost zero (of the order of 2 x 10™* Wb). Figure 5 (a) shows a slight oscillation on
the flux response when a low speed is applied.

Figure 6 shows the evolution of electromagnetic torque estimated. A good convergence of
estimated torque is observed towards the imposed load torque value. We can also see the
appearance of the peaks on the estimated torque response (equal to -74 Nm, 45 Nm and 40 Nm
respectively) during the inversion of the speed which is stabilized by the following. Moreover,
the application of the SM-DTC strategy based on the SVM technique proves its efficiency by
allowing the reduction of the torque ripples (the torque ripple is of the order of 3%).
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Figure 7. Simulations results: (a) and (b) Estimated and actual Stator currents in (@ — ) axis,
(c) Error between estimated and actual stator currents in (a — ) axis.
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Figures 7(a), (b) and (c) respectively show the evolution of the components along the axes (a
- B) of the actual and estimated stator currents and the estimation error. Note that the stator current
components estimated (X,,X,) are merged with the real components (x,, x,), have almost a
sinusoidal shape without distortion. The estimation error (Figure 7 (b)) is practically zero (of the
order 2 X 10~*A maximum). The paces obtained show the effectiveness of the MRAS-based
SMO observer proposed in this study.

Figures 8 (a), (b) and (c) show the evolution of the components along the axes (a - ) of the
actual and estimated rotor flows and the estimation error. From these responses we can see that
the estimated values of the rotor flux (%3, X,) coincide perfectly with those of the real quantities.
The estimation error is very small (about 1,2 x 10™*A maximum).

In addition, Figure 9 shows the evolution of the estimated rotor flux path, we can notice that
they follow perfectly their circular trajectories in a thick month band.
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Figure 8. Simulations results: (a) and (b) Estimated and actual rotor flux in (a — B) axis, (c)
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8. Conclusions

This paper presents the application of sliding mode technique for Sensorless direct torque
control (DTC) combined with space vector modulation (SVM), associated to the sliding mode
observer-based MRAS technique for estimation of rotor speed of an induction motor. From the
simulation results we can observe the performance of the proposed SM-DTC controller was
found superior in different operating condition; such as, a step change in command speed and
external load disturbances. Furthermore, the SM-DTC reduced the Rotor flux and torque ripples.
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