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Abstract. This paper presents the direct vector control sehfama dual stator induction machine fed by a two
pulse width modulation voltage source inverterse Shmulation resultshow that thelirect vector control with
Fuzzy controlleprovides good dynamiserformances and presents a great robustness fanenely.
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1. Introduction

In the industrial applications that high relialyiliis demanded, multi-phase induction machine
instead of traditional three-phase induction maehs used. The advantages of multi-phase drive
systems over conventional three-phase drives atal tating of system is multiplied, the torque
pulsations will be smoothed, the rotor harmonicéssas well as the harmonics content of the DC link
current will be reduced and the loss of one machimese, does not prevent the machine working, so
improving the system reliability [1].

A common type of multiphase machine is the dualostanduction machine (DSIM),is also
known as the six phase induction machine, thesenimes have been used in many applications
(pumps, fans, compressors, rolling mills, cemeritsmmine hoists ...[2]) for their advantages in
power segmentation, reliability, and minimized toegpulsations. Such segmented structures are very
attractive for high-power applications, since thedlow the use of lower rating power electronic
devices at a switching frequency higher than the asually used in three-phase ac machine drives

3].

In the asynchronous machines, a strong couplingdst the mechanical part which represents
the torque and the electrical part which represthddield exists, which will be make the contrél o
these machines very difficult.

The vector control ensures the decoupling betwasd &nd torque and made the control of the
asynchronous machine similar to that of a DC motdrere there exists a natural decoupling between
field and torque.

In this paper a direct vector control with rotoeldi orientation is applied to the dual stator
induction machine using a Fuzzy speed controller.

2. Machine Modelling

A schematic of the stator and rotor windings fonachine dual three phase is given in Fig. 1. The
six stator phases are divided into two wyes-coratkthiree phase sets labeled, Bs;, Cs; and Ay,
Bs2, Cso Whose magnetic axes are displaced by an angd€°. The windings of each three phase set
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are uniformly distributed and have axes that aspldced 120° apart. The three phase rotor windings
A, B, G are also sinusoidally distributed and have axasdre displaced apart by 120° [4].

Fig. 1: Windings of the dual stator induction manghi

The voltage equations of the dual stator induati@echine are as follow [5]:

_Vsal_ d
[Vsl] =| Vsba| = [Rsl] [l sl] + a[q)sl]
_Vscl_
_VsaZ_
d )
[VSZ] =| Vsbz2| = [Rsz] [I 52] +dt|:q>szj|
Vscz
Vra_ d
[0 =| veo| = [Re]lir]+—{e ]
Vrc_
Where:

Rsa1= Ry = Ree1 = Ryp: Stator resistance 1.
Rsao= Rap2 = Ryeo = Rso: Stator resistance 2.

Ra= R = R: = R: Rotor resistance.

Re 0 O R: 0 0 R 0 0

R=(0 Ra 0];[R,]=|0 R2 0O[;[R]=|0 R 0 (2)
0 0 R 0 0 Re 00 R
lsa1 lsa2 la

[ =t | 5 [1o]=] 12| i [1,]=] 100 )
lset lsc2 lie
Dsa1 Dsaz (O

[0.]=| Dot [®,]=] Bere| :[®,]=] Bo 4)
Dsc1 Dsc2 Drc
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The expressions for stator and rotor flux are [5]:

[@s1] [Lsisi] [Lsis2] [Lsu] || [ls]

[@s] | = |[Les] [Lese] [Lsa] [{[152] ®)
(@] [Lest]  [Lr2]  [Le] J[[I]

Where:

[Ls1sd: Inductance matrix of the stator 1.

[Ls2sd : Inductance matrix of the stator 2.
[Ly] : Inductance matrix of the rotor.
[Ls1s3: Mutual inductance matrix between stator 1 amdiost?.

[Ls2s]: Mutual inductance matrix between stator 2 amdiost].

[Ls1] : Mutual inductance matrix between stator 1 aotdnm.
[Ls2] : Mutual inductance matrix between stator 2 aotdnm.
[L:si] : Mutual inductance matrix between rotor andastat
[L:s7]: Mutual inductance matrix between rotor and stato

The expression of the electromagnetic torque is gsefollows [5] [6] [7]:
= B sl i sir r s i s2r||1r 6
Tem (J.([. CH 198 1 R (R A 8 ]j (6)

The Park model of the dual stator induction machirthe references frame at the rotating fielddj,
is defined by the following equations system (7) [8

The figure 2 represents the model of the DSIM s Bark frame.

Vsiq Isiq Vs2q 1s2q

q
Fig. 2:Representation of DSIM in the Park frame

V sud

d
Rsilsia + — @ s1d - ® s s1q
dt
d
Vsig = Rstlsig + E(D sig + ® sD s1d

V s2d = Rs2ls2a + (;j_tq) s2d — ®sP s2q (7)

V s2q R32|52q+(;j—tq352q+0)sq352d

dq)rd

o
|

=R+ —Cl)srq)rq

d(l)rq

0=Rr|rq+ + ®srDr
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Where:

@Psig = Lsilsia +L, (Ista + Is2a + |a)

@Psig = Lsilsig+L, (Isig + Is2qg + Irq)

®s2d = Lsdsoa +L  (I's1d + ls2d + lra) (8)
@Ps2qg = Lsdsog +L, (Isig + Is2qg + Irq)

®ra =Ll +Lm(|sld + |s2d + |rd)

(qu = Lrqu + Lm(lslq + |52q + |rq)
L. Cyclic mutual inductance between stator 1, statand rotor.

The mechanical equation is given by:

daQ

J—==T,, -T,-FQ )
dt em L r

With

Tem =p Lm [(D rd(I'sig + Is2q) - Prg(l s1a + |52d)] (10)

L+ Lm

3. Direct Vector Control Speed Regulation

For the direct vector control, the rotor flmagnitude will be controlled by feedback. For this
purpose, a field rotor estimator is achieved framrents measurementss(and j9) and the rotor
currents pulsationu§). The speed regulation scheme by Direct Vectorti@bof the DSIM is given in

Figure 3.
f
Vern ‘/sal* isa1
sld =225 Py .

Park! v.
bLpl pywm_vsi_1}'sb
Vscl

9&@—».{:

Vsb2 of pwm_VsI 2|

J\

A Field Weakening ﬁ
A
g W

Fig. 3: Indirect method fuzzgpeed regulation

The application of the field oriented control ca@tsion the orientation of the rotor flux vectorrajo
the “d” axis which can be expressed by conside(@g=0 and @4=3,) [9] [10]. The finals
expressions of the electromagnetic torque andspiged are:
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L O O O
Tem=p+—"—=®r (Is + s
T R
(12)
O RTL 0 0
We'= o mm(laq” + s (13)
L+ Yoo o Flae)

The stators voltage equations are:

Vsid? = Rsdsia+ le%kld— 0] sD(Ls:Ilslq+T|’ (DrDWer)

d
Vsqu = Rsilsig+ lea [s1q+ Cl)SD(L stlsia+ CDI‘D) (14)

VdeD = Rsdsod+ LS2% Is2d— (OSD(L sds2q+ Tr ch’DVVer)

VquD = Rsds2q+ LSZ% Is2q+ ®s D(l_ sols2d + quD)
with: 1, = (Lo *Lo)
Rr

The torque expression shows that the referencedlaxd stator currents in quadrate are not perfectl
independents, for this, it is necessary to decowpigue and flux control of this machine by
introducing new variables:

| sld

Vs = Rsilsia + L sz d
dt

d
V sig = Rsilsig + L st ot | s1q (15)

V s2a = Rs2ls2d + L s2 | s2d

V s2g = Rs2lszq + L s2 | s2q

The equation system (15) shows that stator volt@des Vsie Vs2a Vs29 are directly related to stator
currents s1q Islq, |32d, |320) To compensate the error introduced at decoupimg, the voltage
references\(sld, Szd,Vslq, szq) at constant fluare given by:

V sud 0= V su1d = V side
V sig =V stg + V siqe (16)
V s B = V s2d — V s2de

VquD_VSZq + V s2qc

With:

Ve = @ (L silsig + Tr @rw ")

Vslqc = (J)sD(L stlsia + @ rD) (17)
V s2dc = (J)sD(L lequ +Tr @ rDW er)

V s2qc = (OsD(L s2ls2d + (DI'D)

For a perfect decoupling, we add stator currergslation 100ps lg14 lsig Is2a Is29 @and we obtain at

their output stator voltage¥ds Vsiq Vs2a Vs29.The decoupling bloc scheme in voltage (Direcld-ie
Oriented Control DFOC) is given in Figure 4.
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Fig. 4: Decoupling bloc in voltage

4. Fuzzy Logic Control

Traditional control design methods use mattéecal models of a system and its inputs to design
controllers that analyze their effectiveness. Fuagjc control uses Fuzzy sets and Fuzzy inferéoce
derive control laws in which no precise model @& filants exist, and most of the a priori informatio
is available only in qualitative form. The basie&of Fuzzy logic control is to make use of expert
knowledge and experience to build a rule base lviguistic rules [11].

The Fuzzy controller operation, in genesatypically divided into the following three catages:
Fuzzification, inference engine and Defuzzificatidie Fuzzification block means that real world
variables are translated in terms of Fuzzy setsomrol algorithm is coded using Fuzzy statememts i
the block containing the knowledge base by takirig account the control objectives and the system
behaviour. In a Fuzzy inference engine, the coratetibns are encoded by means of Fuzzy inference
rules. The appropriate Fuzzy sets are defined endtdmains of the involved variables, and Fuzzy
logic operators and inference methods are forndilizeomputational terms. The results of the Fuzzy
computations are translated in terms of real valaethe Fuzzy control action in the Defuzzificatio
block [12]. Figure 5 shows the structure of a Fuzagtroller.

Knowledge
Bast¢

Y

Fuzzification|—> Inference_) Defuzzificatiop

Engine

Fig.5 : Fuzzy Logic controller
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The number of linguistic value (negative large, ateg small, zero equal, positive small, ... etc.),
represented by the membership functions, can \faryekample three, five, seven, nine,...). In this
paper we are used a Fuzzy logic controller witkehmembership functions (Negative Large, Zero
Equal, Positive Large).

NL ZE P

0.5

T o5 0 05 1~

Fig.6 : Fuzzyfication with three membership

The rule base is essentially the control stratdgye system. It is usually obtained from expert
knowledge or heuristics; it contains a collectidrFazzy conditional statements expressed as afset o
I--Thenrules [15]. An example of rule type: éfis negative largege is positive large, then is zero
equal, wheree (speed erroiis calculated with comparison between referencedpad speed signal
feedback) ande (The derivative of the error) represent two inpariables of the Fuzzy regulator and
u represents the control variable (output).

Table-I represent a table of rules for two lingigistariables of input; the speed erra»<and its
variation«de»and the output variabkedu».

Table-l: Rules bases for speed control

e
CE NL ZE PL
NL NL NL ZE
de | zE NL ZE PL
PI 7F PI Pl

The diagram block of simulation and the Fuzzy spmedroller structure are given in Fig.7 and Fig.8:

17— wlvzat” ..
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Fig.7 : Diagram block of simulation
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Fig.8 : Structure of Fuzzy speed controller

5. Resultsand Discussion
By using of the Matlab/Simulink environnbetine simulation results are given by the follogvin

figures:
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Fig. 9: Speed regulation using fuzzy controllethvibad torque (T=10N.m) between [2.5 4.5] s
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Fig. 11: Simulation results with speed and loadtervariation

The speed reaches its reference value dftég (without overtaking. The perturbation reject is
achieved af0.9s) and the machine develop an electromagnetic tdimueompensatée load torque
by a call of current between 2.5 and 4.5 second.

When we apply a load torque (it is a mechalrsize) the electrical part remains insensitives (t
current isd) and only the mechanical part which will reacte(turrent isg). Thus, there is a good
decoupling.

The direct rotor fielddy,) follows the reference valud\(Vb)and the quadrature compone,j
is null. Thus, the orientation is assured.

The direct field oriented control with fuzapeed regulator proves its robustness with speéd an
load torque variation (Fig. 11).

6. Conclusion

In this paper, the Direct Vector Control of a D&htor Induction Machine (DSIM) using Fuzzy
controller is presented. The simulation resultswshbe robustness, the efficiency and the good
dynamic performances (speed response without owetskero state error,...) of fuzzy regulator.
Otherwise, the fuzzy controller synthesis is readisvithout take in account the machine model.
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Appendix

Table|. Dual Stator Induction Machine parameters

P R, J
45 2.12 0.0625
[kw] [Q] [kg.m?]
Vn le Fr
220 0.022 0.001
Y% [H] [Nms/r]
L52
I, [A] | 6.5 0.022 | f[Hz] 50
[H]
Ra 13721 [H] | 0.006 1
Q |7 ' P
RsZ I-m
3.72 0.367 | Cos 0.8
Q] [H] ¢
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