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Abstract— In this paper a design of the fuzzy adaptive
control (FAC) for improving the dynamic response of the
double star induction machine (DSIM) is presented, the
proposed regulator gives fast dynamic response with no
overshoot, it has an important feature of being highly robust,
insensitive to plant parameters variations, the design procedure
is established to control the speed of the machine,the simulation
results show that the controller in enhancing the robustness of
control systems with high accuracy.
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I. INTRODUCTION

HE double stator winding induction machine with the

squirrel cage rotor was recently shown to give permission

in adjustable speed drives and in electric power generation
in various application [1],[7],[12] ,The main difficulty in the
asynchronous machine control resides in fact is that
complex coupling exists between machine input variables,
output variables and machine internal variables as the field,
torque or speed, the space vector control assures that the
torque has made similar as the one of a DC machine [5], the
past few years have witnessed a rapid growth in the number
and variety of applications of fuzzy logic, ranging from
consumer products, industrial process control [11].

This paper presents the speed control methodology using
the indirect rotor flux orientation and the fuzzy-Pl approach
base on the adaptive control. A fuzzy adaptive control based
on the Lyapunov’s stability theory for control the double
stator induction machine schema is an approach to
systematically determine the gains (kg,Kkye), While

guaranteeing the stability of the control. [19], also the
proposed regulator have been successfully used for many
numbers of non linear and complex processes, hybrids
controllers are robust and their performances are
insensible to parameter variations contrary to conventional
regulators. Recently several researchers make
efforts to improve the robustness and performances of the
hybrid control by using adaptive control [19],[25].

1. MACHINE MODEL

A schematic of the stator and rotor windings for a dual
three-phase induction machine is given in [1] and Fig.1. The
stator six phases are divided into two wye-connected
three phase sets labelled Ag By Cg; and Ag, Bg, Cs, Whose
magnetic axes are displaced by a =30° electrical angle
the windings of each three phase set are uniformly
distributed and have axes that are displaced 120° apart
,The three phase rotor windings A, B, C; are also
sinusoidal distributed and have axes that are displaced apart
by 120°,[1],[41,[5] .

The following assumptions are made
— Motor windings are sinusoidally distributed.
— The two stars have same parameters.
— Flux path is linear.

The Park model of DSIM  presents below in the
references frame at the rotating field (d, q) [5],[13]
The expressions for stator and rotor flux are:

®ds1 = Lealgst + Lin(igsy +igsp +igr )
Pys1 = le'qsl + Lm('qsl +lgs2 T lgr )
@ds2 = Lsolgsa + L (lgs1 +igsp +1gr )

Pgs2 = LsZ'qu + Lm('qsl *lgs2 +lgr )
@gr = Lyigr + L (lgsq +1igs2 +1igr )
Pqr = I-riqr + Lm(iqsl + iqsz + iqr )
The expressions for stator and rotor voltages are:

. d

Vst = Rsilgst + gt st ~ @sPast
. d

Vgst = Rsl'qsl + E(qul + 05 Pys1
. d

Vas2 = Rsolgso +—-@gs2 — WOsPqs2

. d
Vgs2 = RsZ'qu + aquSZ T OsPys?

. d
Var =Ryl +E(odr (o5 — o )(qu

. d
Vor = Rr'qr +a§0qr (o5 — o )pgr
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Stator N°2  Stator N°1 IV. Fuzzy LOGIC CONTROL
As A A. Fuzzification
The most common controller has two inputs: error and the
derivative of the error with respect to a defined reference
A signal, and one output, which is usually the command, [26].
The error is given:
Rator e(t) = — o, (t) 9
e(t)zkeen(t) (10)
The derivative of the error:
de(t) de, (t)
N =Kge (11)
dt dt
B, « B. Fuzzy inference engine
The fuzzy rule consists of the antecedent-consequent pair is
expressed by IF-THEN rules codified in a lookup table.l.
Bs The input-output mapping is an inference mechanism based

By
Fig.1. Schematic of the dual star induction machine .
A. Mechanical Equation
The mechanical equation is given by [5], [7], [18].

J do, f
——1=C,-C, ——w 3
pd ° " P ®
Expression of the electromagnetic torque
L . . . .
Ce= Pﬁ [‘Pdr ('qsl +1gs2 )_ Par ('dsl +1gs2 )] (4)
m r

3L
With: = = L = Ly = Ly,

In the induction machines, rotor winding has a short-
circuited hence.
Vgr =0 , v

qr =0 ®)

I1l. FILED ORIENTED CONTROL

The main objective of the vector control of induction
motor is as in DC machines, to independently control the
torque and flux [17], we propose to study the IFOC of the
DSIM, the control strategy is used to maintain the
quadrature component of the flux null ¢@q =0, and the

direct flux equals to the reference ¢4, =@y Fig.3.,[2], [9].
The final formula of the electromagnetic torque is:

L
Cref ZP—m(P:(iésl +iész) (6)
L, + L,

The slip angular frequency is:

* R/L i*sl + i*SZ
wgl _ r=m q - q 7)

Lm + |_r oM

Expression of the direct currents:
I
lds1 +1ds2 = L_r (8)

m

on Zadeh logic .

HAlj(en ):HAzj(eﬂ )vHBj(dUn )
PS PG

»
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A

-1 0-12 0 172 1

Fig.2. Membership functions of inputs (e, and ¢, ), and
output du,.
C. Fuzzy control rules
The resulting fuzzy inference rules for the one output
variable duy(t) are as follows:

Table .1 The fuzzy inference mechanism du(t).

€n
NG NS ZE PS PG
NG NG NG NS NS EZ
NS NG NS NS EZ PS
€n ZE NS NS EZ PS PS
PS NS EZ PS PS PG
PG EZ PS PS PG PG

D. Defuzzification

The centre of area defuzzification can calculate the crisp
value of the output du,, as [8]

25 .

2 tag; (8 (t)ip, (en(1))C;S;

dun(t): J=;.5 -
EluAl,- (en(t))upy, (en(1))S;

(12)

C i S j are real value parameters representing the centre and

surface of the membership function yig; (dun(t)) .
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Fig .3. Speed Control of DSIM by using the fuzzy adaptive control .

V. ADAPTIVE CONTROL

The adaptive control system can be represented by fig.4. It
is composed of two parts: a FLC containing unknown gains
ke andkyee, an adaptation mechanism for updating the

adjustable gains in FAC [15], [16],[6]. [22],

Cref (t _1)

A 4

Adaptation
en(t) T dun (t) T kdce,/l ,

FLC

4—
C ref (t) » 5’

Fig.4. The block diagram of the FAC.

A. Choice of control law
As a first step in the adaptive control design, let us choose
this law:

Cref(t)zcref(t_1)+kdcedun(t) (13)
The closed-loop dynamics are:
wr(t)z—apwr(t)+bpcref(t—1)+ (14)

by Kgeedun (1) —d ,C;

In our adaptive control problem since ky.and k., are
unknown, the control input will achieve these objectives
adaptively.

B.Choice of adaptation law by using the Lyapunov
stability theory:

Let us now choose the adaptation law for the gains Kge
andk, by using Lyapunov method,

We consider candidate function:

V=%m2+1k§+1kég.

V1 V2
Where : A=(a,0p —bpCrer (t—1)).
If the gains are updated as

{ ke =~[ 19| Aldt

Kace = J }’prkeendun (t)dt
Where 7, and y, are constants positive.

We get
E = —a.p Ke en

In last conditions the proposed control schema is an
approach to systematically determine the gains k.. and k,
of the fuzzy-PI logic, while guaranteeing the stability of the
control and DSIM.

(15)

(16)

(17)

VI.

Fig.5. illustrates the performances of control, we have
simulated the starting mode of the motor without load, and

RESULTS AND DISCUSSIONS
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the application of the load (C,=21N.m) at the instance t=0.5 ; ;
sand it’s elimination att=1s . 100 j j
After that we are applying the load (C,=-14N.m) at the
instance t=1 s and it’s elimination at t=1.5 s. L T R .
Moreover, the inversion of value of the load (C,=14N.m) at g | |
the instance t=1.5 s and it’s elimination at t=3 s. = 60 ’"””"””ﬁ””"’i ’’’’’ 7
The parameters variation in tests can be interpret in practice & ! !
by the bad functioning conditions as overheating and & 40~~~ t it os . T 7
variation of the inertia. | |

Fig.6. shows the tests of robustness realized with the FAC L ]
control in the case of variation of speed step of -100 (rd/s) at | |
t=1 s .In addition we minimization the speed 10 (rd/s) at the 2 25 3
instance t=2.5s.

1)-Fig.7. Shows variation of J=1.5*J, on rotor inertia. 150 ‘ ‘

2)-Fig.8. Shows variation of Ry=1.5*R,, on rotor ! !
resistance. 200M - - -t R - 4

Fig.9. we have simulated the system with a different new N ! !
technique of control considered and compared to FLC-PI , = o — ‘
the control presents the best performances, to achieve § 50(ff - -——FT———— - ~~f
tracking of the desired trajectory and to reject disturbances , =4 1 l 1
the decoupling of flux has maintained in permanent mode. = : ‘
The tests show that an increase of the resistance and the — ~| — &+ |y ___1 T T 7
inertia in steady state mode does not have any effects on the ‘ ‘
performances of the technique used. Consequently, the 50 2 215 .

performances of speed control are approximately like the
nominal case.

VIL.

A speed control scheme of a dual stator induction machine
with the fuzzy adaptive control has been proposed. The
principles of Lyapunov stability theory have been applied to
the fuzzy Pl control design such that the determine gains
ke and kg, are depending on the stability of control. Classic

fuzzy logic design methods are then used for the design of the
fuzzy-PI controller.

Traditionally the design of a fuzzy logic controller is
dependent on the explicit description often the gains of
fuzzy-PI control undetermined with analytic method.

CONCLUSION

In FAC control schema is an approach to systematically

determine the gains fuzzy-PI, while guaranteeing the stability
of the control.
The effectiveness of the control scheme was validated with
simulation results; the different simulations results obtained
show the high robustness of the controller in presences of the
parameters variations as the rotor resistance, the inertia and
the load, reference speed. The control of the speed gives fast
response with no overshoot, the decoupling of the flux;
stability and convergence to equilibrium point are
verified.The hybrid regulators has a very interesting dynamic
performances compared with the fuzzy PI controller.

— Quadratic Flux (Wb)
—Direct Flux (Wb)
| |
— | |
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| |
2 25 3
14 ! ! ! ! :
| | | | |
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Fig.5.Test of robustness for different values of the load when
DSIM is operated at 100 (rd/s) .
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Fig.6.Test of robustness for different values of the speed 1)

Fig.8. Simulated results test of robustness for different values

of the rotor resistance.

1(s),

100 (rd/s) is applied at O (s), 2) -100 (rd/s) is applied at t

3) 10 (rd/s) is applied at t=2.5 (5).
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