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Abstract— In this paper, the discrete time sliding mode formulation is developed. Then, the control strateig
control of an induction motor is investigated. The rmain presented. The forth section is about the stabdlitglysis. In
contribution of this work is the design of switchirg surfaces  the section five, the simulation results are intetgd and
which defined by an addition of an integral term irfo the  qisqssed to validate the best control method. lsiesection

considered surfaces. A comparative study with theamventional 0o o comparative study and finally, a conclusiodrawn.
proportional integral techniques is proposed. Findy, the validity

of the proposed control is demonstrate through simations. Il. PROBLEM FORMULATION

The dynamical model of the induction motor in the
stationary reference frame (d-q) under same assomspts
presented by:

Keywords—discrete time sliding mode control;  industi
motor; switching surfaces, conventional proportionaitegral.

[.  INTRODUCTION g
. i:—i+l_0-)i + o ¢ +£¢ W+71V
Nowadays, the recourse of the controllers is fratyeised dt or, or,”® oMyt " oMy 0 ol ©
in different control law. In practical applicatignthe digital d

devices are widespread in the last decades. So, thed%q:_\’\ﬁqisd _(%%77;7 i —;TU
) X L . s O, g
implementation of each control law is divided irottasks: the

first one, the realization of continuous time cohtusing the
Zero-Order-Hold. And the second one, obtain a disctime
model and design the control law in discrete tiffbe first g _ My
method may not present a high performance, becauties a7 L

case the sampling time is limited in the lower ealdThe dw_3np? My, AL

second method, present a drawback in the sampledelmo |a 2 | L s fala) = (G =C1)
which have be difficult to compute, especially iretcase of
nonlinear systems. For this reason, the discrete gontrol
present an important area of research considemnmganlinear
systems, [1], [2], [3], [4], [5], and [10].
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dt T, T,

The Euler discretization is given in the system adipms
(1), we give a sampled periad. So, the sampled dynamics of
the system equations (1) is expressed by [6]:

The induction motor is one of the most preferremiaor in a) iu(k+D) =i, ()-Te ( 1 +1—a)i (k)+Te(1—J)¢ ©
industrial applications which presented a low nexiance cost, = = or, or,” " oMgr, "
rel|ab|!|ty and ropustne;s [11]. The mathemapcaum of the L Te-o) o (Y W(k) + Te v
induction motor is nonlinear. It constitute an impat area of oMg ol
research in the advanced control. More recentlyroblaw are  |g) i_ (k+1)=ig, () ~Tewy iy ~Te(—+ = D)igy () ~——Z w(k)gq (K)
investigated in discrete time such as: Indirectd=i@riented gty ot IMy
Control (IFOC), Field Oriented Control (FOC), Ditéforque w129y g+ TC v, (k)
Control (DTC), Fuzzy Logic Control (FLC) and SligiMode Mg 1 ols 2

Control (SMC). 0 fg(k+D) =gy (I<)+Te“ﬂsr isd(k)—}%,d () ~w(K) g (K)
In [8] and [9], Castillo proposed a discrete timalisg " ' Te
mode control which the sliding surfaces are preskiy the d) Brq(k+1)=grq () +TeFigs () + W(K)dy (k) =~y (K)

error between the variable to be controlled anceiisrences. A ' '
discrete time sliding mode optimization which added
integral term is discussed in the research works Plaper is
organized into six sections. After introductiore froblem

3np® Mg

e wk+l)= W(k)+Te§TT (@ra (Kigg (k) = Brq (K)iy (K))

—Te? (€, (K)~C; (K)
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The control law applied to this type of systemsais
indirect field oriented control by sliding modediscrete time.
The designing of the switching surfaces and slidingde
control is presented such as:

The robust sliding mode dynamics.

The system is maintained on the sliding manifold
in a finite time regardless the uncertainties.

So, the selected switching surfaces is importag@ndiess
control design and satisfactory performances. Thainm
contribution of this work is the design a novelnfoof the
switching surfaces which presented on adding agrat term
of the considered surfaces.

In this section, we developed a discrete time redjdnode
control based on the Indirect Field Oriented Cdntiithe
control objectives is to design three regulators tontrollers
relative to the direct and quadratic stator currantl one
controller relative to the speed.

CONTROL LAW DESIGN

A. Siding SQurfaces Design

The selection of the sliding surfaces defining the

representative regulators are defining by the dvedween the
selected variable and its references [7], [8] &@jdIp order to
ameliorate the performances given to the studiesery, an
integral term is added to the selected surfacessdlater are
designed by:

Sy = GEL T C4I£W dt
Sy = G&yg t %Ifd dt (3)
Sq = G&q + cﬁj‘gq dt

The sampled dynamics of the system equation (3) i
follows:

a) s k+ 1rs, k)= ¢ & k+ 1re, k)rTe ge, k)
b)sy k+1)-s4 &)= G € k+ 1&g k)rTe gey k)
C)g k+1)-s55k)=6 € k+ 1&g k)Te g5, k)

(4)

B. Control law synthesis

The control law applied to the induction motor igeg by
(Figure 1).

Cem,
)

Discrete SMPI

Fig. 1. Indirect Field Oriented Control (IFOC) by slidingode in discrete
time.

This method based on modeling the machine in (d-q)
stationary reference frame. That g, =0 and ¢,, =0. The

control strategy is given by two components: thet fone is the
equivalent control which determined in solving thguation
s(k+1)=0. And the second one is the nonlinear control.

U=Ugq+U, ®)

B.1. Speed controller

Using the equation (4-a) and replacing the equgfea) in
equation (4-a), we get:
sy(k+D-5, kK)=cw K+ D-cw k)cw k)

3 np® Mg ~
eEEL—rm (K)igq (K))

(6)
+ ClTe%(Cr (k) = C¢ (k) + cw(k)
+Tec,w (k)-Tec,w(k)

The nonlinear component is defined by:

su(k+1)-5, (k) =-QTe s, (k) - K, Tesign(s, (k)

S

(7)

So, the global control is:

W (k+D)-cw ()

_ 2
3aTenp” Mg 4,4 ()

. +qTe ™ (C, () ~C; ()]
i ( ]

(8)
+Tec, W (k)-Tec, w(k)

| +QTe s(k) + KTesign(s(k)) |

B.2. Direct stator current controller
Under equation (4-b) and equation (2-a), we obtain:
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Sak+D-5 k)= 6lg k+ 1 6ly (K

Isd(k)—Te(alr +2‘T")Isd(k)
—C2 S r (9)
Te(l-0) Te
f oMoz @, (k) + Ustsd (k)
+Cylgy (K)+Tecs |y K)-Tecsl o (K)

The nonlinear control is:
Sy (k+1) -5 (k) = -QTe s4 (k) — Ky Tesign(sy (k))

The control law relative to the direct stator cuatre
controller is given by:

(10)

C2|sd*k (k+1)- CZISd* (k)

L% m

ory 0T,

_ . Te(l-o0)
C2 M7 T ¢, (k)

+c,Te(

(11)

—Cz e . Colgg (K)+Tecsly (k)

-Tecglgy (k)+QTe sy (k)
| +K Tesign(sq (k))

B.3. Quadratic stator current controller
Referring to (4-c) and (2-b), we define:

sqk+1)-5 k)= Glg k+ 1 gy k)

l i (K) = Tewgy,l ¢, (k)

ul

122 ()
1-0 Te

T LG

+Cal g (K)+Tecg gy (K)-Tecgl g k)

12)

-Cg

—Te( Ly
o

S r

Vsq (K)

The nonlinear control is:
Sy (K +1) =5, (k) = -QTe s, (k) - K, Tesign(s, (k))

The control law relative to the quadratic statorrent
controller is defined by:

(13)

Gl (DGl €+ Clg (0]
1-o

o5 Tetigl g ()~ CiTel "+ )l ()
L 1-
V(K= 75 =3 g 008, (9=l () (14)

~Tecg |, (K)+Tecglg, )
+QTe s;(k) + K, Tesign(s (k))

IV. SIMULATION RESULTS

To validate the proposed control, the selected dtidn
motor allows the following characteristics85/14( ;
3.5/6A; f =50Hz; R, =3.452; R =2.952;L,=0.144H

;L, =0.144H ;M =0.134H ; | =0.0Kgn?; np=2. The
coefficientsc;,C,,C3,C4,C5,Cq and the gaink,, ky, k, relative

to the control law, are adjusted to the values=0.0001¢,

c,=0.0099,  c,=0.0000000% ¢, =0.00000000;,
¢ =0.000000%, 6 =0.000000000, k, =115,
kg =3000and  k, =115,k; = 3000k, = 300.  These

coefficients and gains have been tuned until thaiplof the
validate results.
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Fig. 2. Discrete time sliding surfaces evolutions

To verify the criteria of the sliding mode, Fig.Bosvn the
switching surfaces relative to three controllere Wmark that
these surfaces reach to zero. The test conditiannsminal
speed 157rad/s and nominal flux 0.8Whb.

300

250

0

Fig. 3. Evolution of the speed
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Fig.3 presents the characteristics of the speedhndtarted prove the effectiveness of the proposed technidtieally,

without overshoot in 157rad/s and we increasing Yailue at

250rad/s at the time 0.18s. The settling time 189.

V. COMPARATIVE STUDY
For testing the performances given

to the consilere[y

control, it is necessary to compare with other mésh In this

section, we make a comparison

results between
conventional Pl and the PISM. We remark that tifeMPYiven

the
[2]

a best results than the conventional PI. So, tidingl mode

techniques improve the characteristics given to ghelied
system, such as the settling time with PISM is @&d with

(3]

conventional Pl is about 0.38s. Then, the charnaties with
conventional PI presents an overshoot against ish@case

with PISM.

(4]

(5]
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Fig. 4. Evolution of the speed with different methods

VI. CONCLISION

In this paper, we have shown the design of a disdime

(6]

(7]

8l

(9]

[10]

[11]

sliding mode control. This approach

is based on an

optimization to the sliding surfaceBhe simulation results

this method is compared with a conventional PI.
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