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Abstract—  This paper present the application of the neural
networks , fuzzy logic and PI controllers for the speed control
of six phase induction motor. The parameters of the classical
control changes inevitably during the operation of the
machine. Therefore, the performances of the command decline.
So, neural fuzzy logic controller is used to resolve this problem
and the study scheme and its feasibility are verified by
simulation. The vector control method is presented and used
for this machine. The simulation results show the robustness
and good performance of the proposed controller.
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. INTRODUCTION

The vector control technique has long time applied to
usual three-phase induction machines. It was presented by
Blaschke and Hasse [1, 2] which has better dynamic
response. The main objective of vector control is the control
of separate excitation DC machine. This diagram of
decouples the stator current into producing the torque and
flux components. The main disadvantages of classical
algorithms of control such as PI regulators, is the sensitivity
in performance to the system parameter variations and
inadequate rejection of internal disturbances and load
changes [3]. However, study on accelerated multiphase
machines; until the beginning of recent century; it became
practical in industries. Therefore, the vector control
application to multiphase machine is encouraged for high-
power application, because this machine type presents many
advantages: reduction of the pulsation torque, minimizing
losses rotor, reduction harmonic currents rotor and power
segmentation [4-7]. Such segmented structures are very
attractive for high-power applications, since they allow the
use of lower rating power electronic devices at a switching
frequency higher than the one usually used in three-phase
AC machine drives [8]. The vector control method is the
most popular because of its relative simplicity and low cost
of implementation. But, the classical controllers (PID) are
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used to regulate the currents of the required control an
inferior performance because is sensitivity to parameter
variations. Recently, many strategies learning for neural
control have been proposed and applied to some specified
nonlinear control systems to overcome the unknown model
and parameters variation problems [9-11]. The results
simulation obtained by using Matlab/ Simulink are provided
to confirm the validity of the proposed techniques.

Il.  MATHEMATICAL MODEL OF MACHINE

The stator and rotor equation in arbitrary common
reference are as follows [12, 13]:

d :
i Pds =Vds ~Rsigs + @5 Pgs

d .
at Pgs =Vas “Rsigs —@5 Pgs 1)

d :
5t @ dr =Var ~Rrigr +(og —wr)(bqr
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a(bqr :Vqr *Rr |qr *(COS *Ct)r)(bdr

Where the expressions for stator and rotor flux are:

®ys =Lsigs * Lmids * Lmidr

o =Li..+L. i..+L_i
gs ~ "s'gs m'gs m'qr
. . . 2
Par =Lelgr *Lmlgs + Lmlar
(qu = Lriqr + Lmiqs + Lmiqr

The mechanical equation can be expressed as:
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J d Ky
Baa)r =Tem —TI —— (3)
And, the torque as follows:
_ i i 4
Tem B me('qsldr Idslqr) @)

Where, the various symbols denote the following:

Vs, Vgs: stator voltages in “d” and “g” axis ;
Var, Vgr: rotor voltages in “d” and “q” axis ;
igs, igs:  Stator currents in “d” and “g” axis ;
Dys, Dys: stator fluxes in “d” and “q” axis ;
Dyr, Dy rotor fluxes in “d” and “g” axis ;
s synchronous speed ;

;. electrical rotor speed;

J: moment of inertia;

ks. viscous friction coefficient;

Tem: electromagnetic torque;

T,: load torque.

I1l.  MODELING SIX-PHASE VOLTAGE SOURCE INVERTER

Power circuit topology of a six-phase voltage source
inverter (VSI) is shown in Fig. 1.
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Fig. 1 Six-phase voltage source inverter power circuit

The inverter input dc voltage Vg is regarded supposed
constant and each switch (S;.12) is assumed to conduct for
180°. Phase delay between firing of two switches in any
subsequent two phases is equal to 60°. One complete cycle
of operation of the inverter can be divided into six distinct
intervals indicated in the time domain waveforms of leg
voltages shown in Fig. 2 and summarized in Table 1. It
follows from Fig. 2 and Table 1 that at any instant in time
there are six switches those are ‘on’ and six switches those
are ‘off’. In this mode of operation there are three
conducting switches from the upper six and three from the
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lower six, this mode of operation leads to, as shown shortly,
a square wave phase-to-neutral output voltage waveform,
the reason being the spatial displacement between the six-
phases of 60° [14].
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Fig. 2 Leg voltages of six-phase VSI
TABLEI
THE LEG VOLTAGES OF SIX PHASE VSI
Mode | 11 11 [\ Vv Vi
Switches $1,53,5¢ $1,53,Ss S3,55,S7 S5,57,S¢ S5,59,511 $1,5¢,S11
ON $1,53,56 Sg,510,512 $2,510,512 $2,54,512 $2,54,56 S4,56,58
VA Vdc Vdc O O O Vdc
VB Vdc Vdc Vdc O O O
VC 0 Vdc Vdc Vdc O O
VD O Vdc Vdc Vdc O
VE O O O Vdc Vdc Vdc
VF Vdc O O O Vdc Vdc

If an ideal sinusoidal six-phase supply is considered,
similar to space vector, it is defined as:

v=.2/6(v, +av, +a’v, +a’v, +a'v, +a°v,) (5)
i
a=e? (6)

However, the phase-to-neutral voltages of a star
connected load again a voltage difference between the star
point n of the load and the negative rail of the dc bus N is
defined by:
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Va:aVA_(VnN _(1_a)VA)
Vy =aVg _(VnN _(1_a)VB)
Ve =aVe _(VnN _(1_a)vc) )
Vi :aVD_(VnN _(1_a)VD)
Ve:aVE_(VnN _(1_a)VE)
Vi =aVe _(VnN _(1_a)VF)

Where,
a=>5/6 and v,y is defined by:
Viy =@—a)(v, +vg +Ve +Vp +Ve +V,) (8)

Hence the values of the phase-to-neutral voltages in the
six distinct intervals of 60 degrees duration can be
determined using the values of the leg voltages in Table 1
[14]. For controlling the SPIM by using the Clark’s
transformation (9) [14-17]:

2r 2r 4 4r
1 cos 6 cos — cos| O + — cos — cos| O + —
3 3 3
2r 2r 4 4r
0 sin 0 sin— sin| 0 + — sin —  sin (6 + —)
3 3 3 3 (9)
Ta = 4r T 2r 57
6 =11 cos(n—@) cos— cos| — -0 cos — cos| — =0
3 3 3 3
. 4r T 2z | 57
0 sin (n—@) sin — cos| — -0 sin— sin| — -0
3 3 3 3
1 0 1 0 1 0
0 1 0 1 0 1

The electromechanical energy conversion takes place in
(o, B) subsystem:

v Ry +sLg 0 sM 0 ias
os
0 Re +sL 0 sM i
[l S I WM. R4l el 71 (o)
0 r r r r r Iar
0 -orM sM —a)rLr Ry +sL, i,BI’
With,

Ls=Ls+M : is the stator inductance;
L,=L,;+M : is the rotor inductance.

IV. VECTOR CONTROL

The objective of vector control is to assimilate the
operating mode of the induction machine at the one of a DC
machine with separated excitation, by decoupling the torque
and the flux control. In vector control of induction machine,
the direct axis should be aligned with rotor flux vector
(®g= Dy ), and then the quadrature component of rotor flux
will be equal to zero (@q= 0) [1]. Therefore,
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D, =L, +L, (i +i,)=0 (11)
L.i
j —__me 12
L +L, (12
And,
* d@
o, =0, —T=0 13
dr r dt ( )
By substituting (12) in (2), we obtain:
R
_ r-gs (14)

a)s D =
(Lr + Lm)lds

However, with using (12) and (4), the torque equation
can be expressed as:

T, = Kd)driqs (15)

Where K is torque constant. So, if the rotor flux is
constant, the stator current iy can be control the torque and
the rotor flux can be controlled with direct component of
stator current [1, 18-19].

V. NEURAL Fuzzy SPEED CONTROLLER

For the control speed we use a controller based on
Acrtificial Neural Network (ANN) [20]. Fig. 3 shows the
block diagram of the considered circuit.
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Fig. 3 Scheme of neural fuzzy-speed control

The multi-layer preceptor, the number of hidden layers
and hidden neurons is not known a priori. Furthermore,
there is no general rule for predicting the number of hidden
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neurons necessary to achieve a specified performance of the
model.

One of the most popular programs is the back-
propagation. So for the proposed application, an ANN with
a single layer with activation function tansig type is used. In
this step, the authors execute several tests and analyzing the
performance of the system [20]. The neural network
controller considered is shown in Fig. 4. Two neurons in
input layer, 30 neurons in hidden layer and one neuron in
output layer.

I Input
| layer

Fig. 4 Scheme of speed control using ANN.

VI. SIMULATION RESULTS

In order to examine the effects of rotor resistance
variation of the machine, we have been simulated in
following conditions: the rotor resistance cycle is show in
Fig .5.
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Fig. 5 Variation of rotor resistance

The simulation tests consist for the study of
performances of the considered controller taking the
parameters variations of the rotor resistance which is
basically variable during the functioning. For this purpose,
we have considered that the rotor resistance was increases
by 50%, starting from the instant 2s and we applied a
speed reference of 200rd/s, 300rd/s and -300rd/S. Fig. 64,
6b, 6¢c and Fig. 6d shows respectively , the superposition
of the speeds, torques, the direct and squaring flux
component.

We note that the speed precisely follows the reference
value and remains insensitive to the variation of the load
when the controller is type NN. In addition, the response
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time is significantly better for the NN compared to the PI
controller. The torque has better performance when the NN
is used Fig. 6b. Fig. 6¢c and Fig. 6d show respectively the
direct and squaring components of flux (®g, Dg). We note
that the decoupling between the torque and flux is remains
assured. In fact, the change the load charge does not have
any influence on flux magnitude but for a PI controller, the
decoupling is lost. Indeed, the two components move away
from their reference when the load torques increase.
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— Reference speed
—Motor speed with neurone

a \
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—Motor torque with PI
— Reference torque
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Fig. 6 Characteristics without changes in parameters
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Fig. 7 Characteristics with changes in parameters

VIlI. CONCLUSION

In this paper, fuzzy vector control of a six phase
induction machine has been shown to be able to assure the
high performances despite parametric variation. The control
is insensitive to rotor resistance variation . This returns to the
fact that the fuzzy logic controller regulator synthesis is
realized without taking into account the machine model.
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