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The predictive control based speed, flux and torque prediction of a double stator induction motor is proposed in this
research paper; the model of the DSIM and the direct vector control of the system have performed, subsequently, the
classical PI controllers for the speed control, the flux, and thus for setting the stator’s currents have adopted. In order
to minimize the transient control and to reduce the impact of measurement noise on the control signal, instead of
vector control technique which requires the flux and torque estimation, the multivariable generalized predictive control
is used. The results have shown the effectiveness of the proposed method, especially in the parameters variation and/or

the change of the reference speed.
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1. INTRODUCTION

The dual star induction machine (DSIM) or double
stator induction machine has been the subject of
numerous studies for a long time. It has the advantage
of being robust, reliable and poorly functioning in
degraded operation. Unfortunately, it has a major
disadvantage, its dynamic structure is highly nonlinear
and the internal variables such as the electromagnetic
torque and the rotor flux are strongly coupled, which
makes the control of this machine complex [1-3].
Indeed, the vector control makes it possible to envisage
a decoupling between the electromagnetic torque and
the rotor flux of the machine and to achieve a control
comparable to that of the dc machines [4]. This method
of control was carried out in 1971 and 1972 by HASS
and BLASCHKE [5]. Several similar techniques, but
with some differences in the interpretation of key
concepts, have been proposed in the field of induction
machine control [6], [7]. For example, scalar control,
direct torque control, input/output linearization control,
etc. Most of these techniques are based on linear
modeling of the machine. For the reason of facilitation
processing, the case of a linear model also has the
advantage of being situated in a very rich theoretical
context [8].
The generalized predictive control proves a sufficiently
complete structure proposed to solve a very general
problem, providing a stable system for a set of
adjustment parameters [9], [10,]. This strategy allows

to control processes with non-minimal phase shift, with
unstable or poorly damped poles, with dead times,
constant or unknown, or with an unknown order model.
It has proven its efficiency, flexibility and success in
industrial applications [11].

The main contribution of this paper is the
implementation of a high-performance predictive
control law for a double stator induction motor, with as
objectives: improve the pursuit of trajectories,
guarantee the stability, the robustness to the variations
of the parameters and disturbance rejection. This
control strategy is used to develop a multivariable
predictive control technique based on the prediction of
the electromagnetic torque and the rotor flux to
generate the switching states of the inverter and
consequently the supply voltages of the DSIM.

The paper is organized as follows: the double stator
induction motor (DSIM) model and the vector control
strategy are presented in section 2 and 3 respectively.
In Section 4 the multivariable predictive control
strategies are discussed. In section 5 and 6 the
application of the resulting predictive control of DSIM
is provided. Finally, the overall proposed predictive
control scheme of DSIM shown in Fig.1 is used for
numerical simulation and the related results and
remarks are presented.
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2. DSIM MODEL

The Orthogonal subspaces o-p model of the double
stator induction machine is presented in Fig 2. The
equations of this machine can be expressed in (o, )
axes where the attributed reference is the stator field

(3], [4].

1.1. Voltages Equations
By choosing a referential related to the stator field,
we obtain the following system of equations [1-4]:

. do
Vo1 = Rsl'ml + d:al
dd,
. Bl
Vepr = Rsl'sql + T
. do
Vsa2 = RsZ'saZ +d—ia2
1
Ay, @)

Vo = Rgolgpor +
sp2 s2'sB2 dt

0=R,i =

rra+

+oarCI)rB

. do g
0=Rlg +T+m,d)

rou

Where:

Vsiap Vs2ap :First and second stator voltages in

stationary frame

570 15208 :First and second stator currents in
the stationary frame

D108 Ds2op :First and second stator flux in the

stationary frame

Dyop :Rotor flux in stationary frame

or :Rotor frequency

Rsi2 Ry :First and second stator and rotor
resistance

1.2. Flux Equations

The relations between flux and currents are given
by [1-4]:

66

Vol. 13, No. 1, March 2019

Dyq = leisal + Lm(isal + isaz + ira)
Dy = Lgigp + L (ispy +isgz +irg)

Do = Lgolggo + Lm('socl Flge2 + 'ru)

. ) ) . (2
Dgy = Lgpigpp + Ly (igpy +ispa +irg)
cDra = I—riroa + Lm(isal + isaz + ira)
q)rB = Lrir[} + Lm(isBl + isBZ + ir[})
Where:
Ls12 :First and second stator
inductance
Lr :Rotor inductance
Lm :Mutual inductance
Replacing the system of equations (2) in (1), we
obtain the mathematical DSIM madel (3).
~Rygigyy + (L + Ly )or et
Vsar = Rtlsar +(Lg +Ly)o +
Ler dis(xz + I—m dq)ra
L,+L, dt L,+L, dt
. diSBl
Vepr = Rglgpy +(Lg + L))o ot +
I-er diSBZ " I-m d(DrB
L,+L, dt L,+L, dt
. di
Vo2 = RsZ'saZ + (LSZ + Lm)G%"'
Ler disul I—m dq)ra
L,+L, dt L,+L, dt
. dis 2
Vep2 = RsZ'sBZ +(Lsp + Lm)cd_f+
i Ler disﬁl n I—m dq)"ﬁ
L,+L, dt L,+L, dt
L., .. . 1 do
0=—T""(i ., +i +—0, +—% 1+ d
Tr ( sal Scxz) Tr ro dt r=rp
L . . 1 dq)rﬁ
0= _T_m(lsm +igpo) +_|_—CI)rB +T+m,®m (3)

r r
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Fig. 1. MIMO Predictive control of DSIM.
_p L (isﬂl + isﬁz)q)ra - 4)
o Lm +Lr _(isal+isa2)® rp
Where:
Tem :Electromagnetique torque;
p :Number of pole pairs
The mechanical equation is:
de
‘]TrzTem _TL_kf-Qr (5)
Where:
J :Inertia;
3 Q, :Mechanical rotor speed
@ T.  :Load torque
Vi . B ks :Viscous friction coefficient

Fig. 2. Orthogonal subspaces o;-B model of DSIM
3. DIRECT FIELD ORIENTED CONTROL OF

With: DSIM
Lr2n Fig. 3 presents the main blocs of the direct field-
o=1- ; oriented control of a double stator induction machine
(Lm +Lr)(|-m +LS) [8]
La =L, =L, . o . .
Lo+L 3.1. Rotor Flux Amplitude and Position Estimation
m + r
T, = R of DSIM
r In the direct vector control, knowledge of the rotor
Where: flux (amplitude and phase) is required to ensure the
o ‘Total leakage factor; decoupling between the torque and flux. Indeed, the
Tr ‘Rotor time constant. position of the rotor flux 6 is calculated algebraically

from the information on the rotor flux [13], [14].
1.3. Mechanical Equations

The equation of the electromagnetic torque is [4], D, =,/0f, + 07
[12]: ) o (6)
0, = arctg(—rﬁJ
¢I'Ot
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These components can be expressed from the DSIM
voltage model; equation (3):

[ . di
Vo = Rlgr —o(Ls + Lm)L‘l_
O - L +L, dt dt
e Lm _ I-m I-r d'saz
| L,+L, dt 0
i . disﬁl
Vs/i'l_ Rslsﬂl_a(l-s +Ly) -
O = L + Ly dt it
i Lm _ I-m I-r dISﬂZ
| L,+L dt

3.2. The Rotor Flux Orientation
The principle of the orientation shown in Fig. 4
aligns the rotor flux on the direct axis of Park’s axes

Vol. 13, No. 1, March 2019

The following equations of rotor flux and

electromagnetic torque are used:
A"
dt

1 .x . x *
=—[Lm(| sdl +1i sd2) — @ r]
T

* L K K *
T em =p—mL[(I sql +1 sq2)®@ r]
r

Ly +
After the Laplace transform, we can write:

Lm

1+T,s

r

*

L* =3
D (i sdL+i sd2)

(10)
L

Them =
em me+

(i sql+i qu)CD r
L,

The two stator windings are identical, so the powers
provided by this two windings system are the same,

[4], [12]. _ o hence:
Thus, we obtain the orientation of the rotor flux:
T3 LK 1+ T S *
d):(Dd I sdl =1 sd2 = o
r r (8) Lm (11)
q)rq = O K3 L* m + Lr *
I sqt=1sq2=p - T em
2L @
Val* | ”\ n Vaz*
abc . -| abc
Vi1 | Vb2
dq Vcl* —_— VCZ* dq
Vst Vsat Vstabe istabc is2abc I ]
Tem Va2
— f—> é \A sd2 V*qu
(I)* DFOC V*sqz s
r — |
—
11 s2dg
abc
dg
fs10q abc
ap
. Vsiap | Istap is20p
05
Rotor flux amplitude ¢,
o, and position és estimation

Fig. 3. The direct field-oriented control scheme of DSIM.
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Fig. 4. Space vector diagram for rotor flux orientation.

3.3. The Compensation Method

The compensation method is concerned with the
regulation of four currents loops while neglecting the
coupling terms [13].

Four new independent voltages V'usi, V'gst, V'as2,
V'gs2 are introduced to the decoupling such that:

* _\/C r
Vsdl - Vdsl + Vdsl

*

Vsql = Vgsl + Vqrsl (12)
Vea2 = Vt?SZ +V552

* c r
Vsq2 = Vqu +Vq32

The compensation voltages at the regulator’s output
are given by [4]:

A . L
Vdcsl = _(Ds|:lelsq1 +R_r(")chri|

r

chsl = 6)3 [leisdl + (I)r] (13)

N . L
Vgsz = _®s|:|-52|sq2 + R_rmgq)r:|

r

chsz = (bs [Lszisdz + q)r]

The references control voltages V'sa, Vsqt, V'sa2
and Vs are reconstructed from voltages VCus1, VCqst,
Vcdsz and chsz.

We define a new system to which the actions of the
d and g axes are decoupled:

Vol. 13, No. 1, March 2019

. dig
V(;sl =Rglsg +Lg sl
dt
_ dig,
qrsl = Rsl'sql + le%
i (14)
. |
chsz =Rglggr + Lsy 5:2
. digg,
V(;SZ = RsZ'qu +Lgp %
After the Laplace transform, we can write:
V(;sl = (Rsl +Sle)isd1
V(;sl = (Rsl +Sle)isq1 (15)

Vis2 = (Rgp +5Lgp)isay

VqrsZ = (R, +SL52)isq2

For a perfect decoupling, adding the current control
100pS isa1, Isq1, Isd2 @nd isq2, We obtain at their output the
voltages V'as1, V'gs1, V'as2 and Vigso.

4. MULTIVARIABLE PREDICTION
CONTROL
The monovariable predictive control is a simple
extension of multivariable predictive control [13]. In
contrast to the monovariable system, the resulting
output / input transfer for a multivariable system is a
transfer matrix [14].

4.1. Multivariable Systems
The multivariable system, as shown in Fig. 5, states
the model given by [15];

x(k) = Ax(k) + B.u(k)
y(k) = C.x(k) + D.u(k)
Where xeR",ueRMet yeR'

Due to the linearity of the z operator, it is possible
to apply it to equations (24)

x(kg) =Xg 24)

{Z.X(Z) —Xo =AX(2) +B.U(2) 25)
Y(z) =CX(z) + D.U(2)
Where X(z) = Z[x(kK)} U(z) = Z[u(k)] et
Y(2) = 2y(®)].
By solving the equations (25) it comes:
Y(2) =|c(z1-A)'B+ D) =6 UE) (26)

Where:

Gz %) =[o(z1-A)'B+D|
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The matrix G(z) e C™™ s called the transfer
matrix linking the input U(z) to the output Y(z) [16].

Uz i
—» N —>
U Multivariable y2
— system -
G -1
............. R @ I
Um ’ _> yn

Fig. 5. The multivariable system of m inputs and n outputs.

4.2. System Matrix Determination
However, if the system is a multidimensional, then

A(@™) and B(q) are transfer matrices. Since G(q™)
is also a transfer matrix, the polynomials A(gt) and
B(q}) cannot be simply determined by taking the
denominator and the numerator of G(q™}).

A simple method for the determination of A(q™})

and B(q™) is presented by Camacho in [10], thus a
very good detailed description could also be found in
the Geering publication [17].
For simplicity reasons, only the method of
Camacho [10] is treated.
We have:
G =A@ BEMa™ 27)
Now the simplest is to assume that A(@™) is a

diagonal matrix whose diagonal elements are the
smallest common multiples of the denominators of the

corresponding lines of G(q ™), and the transfer matrix
B(q!) can simply be computed with:

B@ ™) =A@™").G@ Mg (28)

4.3. The Multivariable CARIMA Model
Analog to the monovariable system, the following
approach is taken for the CARIMA model [18]:

A
AGHYKR =g 9BE Y+ S0 9)

A
Where:

A@H=1+Aq +Aq 2+ +Aq ™
B(q?) =By +B,g  +B,q 2 +...+B,,q ™ (30)
C@Y)=1+Cqt+Cog2+..+Cpq™

The dimensions of the individual matrices are:
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A(@™D) : (n X n) Matrix;
B(g™?) : (n X m) Matrix;
C(g™) : (n X n) Matrix;
y(k) :(nX1) Vector;
u(k) :(mX1) Vector;
(k) :(nX1) Vector.
With:
n : The number of system outputs.
m : The number of system inputs.

4.4. The J-Step Ahead Multivariable Predictor
As in SISO case, a matrix Diophantine equation is
used for calculating the matrix predictor [19,20]:

An@™hC@™h=a@MAQ @™ +qG,(@™) (31)
With:

F@™) =Fo+ a0 +F0 7 o+ Fy g 0
G](q_l) = Gj,O + Gjqu_l + Gjyzq_z +....+ Gj,naq_na
An@) =Ag+AG +A 072+ + A g ™"
Where:

Fi(g) : (n X n) Matrix;

Gi(g) : (n X n) Matrix ;
An(g™) : (n X n) Matrix ;

After resolving equation (31) for
AA(@F(@ ) and after inserting the result in

equation (30) which has been multiplied by
AF; (q™Y)g’, the prediction equation can be obtained:

An @)@+ =G;@y(k) +
+B(@ R @ Au(k+j-d)+C@F@™) &(k+])

All noise terms are in the future, too, which means
they are not known and they can be neglected.
Therefore, the best prediction is [9], [14]:
An@HC@™MYk+D)=6;(a)y(k) +

(33)
+B@)F;(@)Au(k + j-d)

And as:
B HF@ ™) =H;@ ™A@ )CE™M+q7 @™ (34)

Where, in contrary the one-dimensional case,
H j(q’l) is a transfer matrix, the part forming the free

response is completely inside the term q~%3;(q™") .
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An@hHCE@hyk+j) =
An@HCE™HH; (™) Au(k+j-d) (35)

forced response

free response

+G(@)y(k) +3;(@™) Auk-1)

Thus, the prediction equation becomes:

free response
——
Y(k+)=H;(@™) Au(k+j-d)+ E(k+]) (36)

forced response

Where:
-1 -1
E(k+j):Gj(q )y(k)+jj(q 21AU(k—1)
An(@)C(@O™)
With:

Hi(g™h) , Ji(@™) : (n X m) Matrix;
E(k) : (n X 1) Vector.

Therefore, the j-step predictions for a MIMO
system are:

J(k+1) =H, (@) Au(k +1—d)+ E(k +1)
J(k+2)=H,(q™) Au(k +2—d)+ E(k + 2)
J(k+3)=H;(q™) Au(k +3-d)+E(k +3)

Y(k+Ny) =Hy (a7 Au(k + N, —d)+E(k + N,)

Similar to the monovariable system, the term
Hj(q’l) Au(k + j—d) of equation (36) is associated
with a multiplication of real matrices H.U . So:

Y=HU+E (37)

A quadratic cost function is applied to the
prediction values of (37) to compute an optimal
sequence of the control signal [9].

The cost function is the same as for the one-
dimensional control [20].

2

N, N,
Jope = Y 9k + D)= ek + ] +2 Jaulk+j-d)* (38)

=Ny Fl

As in the one-dimensional case, a multi-
dimensional cost function can be implemented by
substituting (37) into (38):

Jope = (HU+E-W)T(HU+E-W)+2UTU (39

In order to minimize this equation, it is first
developed in distinct terms [19-20]:

Vol. 13, No. 1, March 2019

Jope = UT(HTH+A)U+ UTHT(E-W) +

(40)
+(E-W)THU +(E-W)T(E-W)
Due to the identity:
UTHT(E-W)=(E-W) HU (41)
Japc can be further simplified by:
Jepe =UT(HTH+A)U+2UTHT (E-W) + @)

+(E-W)T(E-W)

!
The analytic minimization d‘;GLle =0 gives [21],
[22]:
~ T T
U:(H H+MNUT H'(W-E) (43)

5. MULTIVARIABLE PREDICTION

CONTROL OF DSIM

The objective of this control strategy is to control
simultaneously the electromagnetic torque and the rotor
flux norm. The multivariable predictive control law
developed in section (5) is used to track trajectories
(torque and flux norm) to generate the reference
voltages (Fig. 6).

5.1. Synthesis of the MIMO Predictive Control law
The multivariable predictive control for the DSIM
drive can be designed (Fig. 7).
In our case the selected outputs and inputs are:

@ . |D \VA
Yz{ r}, Y=|_"| and U= drs
Tem Tem Ves

The prediction of the outputs is given by equation
(44):

@, (k+j) Lok
=G,
[t,m(m j)] i ){Tem(k)}+
AVq(k + j—l)}
+

(44)

+H;@™) |:Avsq(k+j_l)

1 AVsd (k _1)
With:
Hi(gY) , Ji(@h) : (2 X 2) Matrix;
Gi(gY) : (2 X 2) Matrix.

The prediction model is assumed to be linear time
invariant model (LTI), modeling the dynamic
interactions between two sets of inputs (Vsi, Vs) and
two sets of outputs (®r, Tem).

Since from reference flux ®;" and reference torque
T"em, the reference currents (" et 1"4s) can be deduced
directly from the equations of the system (45).
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O, =0

T 1+Ts ®

* 2me * _*
Tem = I—m +|—r (Drlqs

The reference voltages Vg and Vyare then

reconstituted from the currents I"gs and 17 by:

Vol. 13, No. 1, March 2019

* _ 1 r
o =5 o Vs
R, +sL
(45) sl sl
-1
® Rgy+sly
chﬂ 0s
qusl + * V*sal
_> .
— > X PARK [T\,
Inverse —VV*
Multivariable sel
Predictive
Control Va2
PARK ::V*sz
Inverse —>V*SC2
Vcdsz 95'(1

Fig. 6. Block diagram of the multivariable predictive control.

b Qp b -0
| F ™ 1
Vafk |_| l_I N " Vaz*
abc - o — abc
\™ | [ R — | Vo
dq Vo' |- i A\ \J\ B o Ve, dq
T ™7
U*s ls1abe Vsiane Vszabb\/ Is2anc U'*
I-===- 1 s
o —» ! 0 n
! ! _ ! S abc abc <« 0, -a
1 MIn(JGpc) 1 aﬂ aﬂ
1
Tem } /\ /\ : Ia/}sl
: : |a/f s2
N ! ! N ap 51 af s2
1
Qe 1 SPeed controller :: :
; - 1
! Mm\(‘]GPC 10! i laps1 Vops1 laps
1 U .
1 M | s
i ( |€ﬁ)‘mr T* :: j— — — = _______)((I)r ¢ J/ J/ é
|| (Spee Gl [ ] < Torque and flux estimation s
| ; ! [0) (Flux-Torque) qu u ~
LPredlctor :: futur Predictor ‘:( (Eq. 4-6)
I N . A3
Qm ! Tfutur /1\ /t\ ' -i—em
| Vs VCas |
! MIMO predictive |
! Control '

Fig. 7. Block diagram of the MIMO predictive control of DSIM.
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Taking into account that the rotor flux is kept With:
constant at its reference value, the substitution of (46) Gii(9) 2L,
H H . S) =
Into (43) gives: T @ TR +sLy) 50)
2pL
* 2L G (S) = m
O, = i Vi 22
r L+ T,5)(Ry +5Ly) ds . (L +L)(Rg +sLy)
* 2pL,, '
M (L, +L)(Rg+sLy) *® For a sar_np_ling period T = 0.001sec, the discrete
transfer matrix is:
According to the system (12), the reference .
voltages are decomposed by two voltage vectors: G.(qY) :[Gn(q ) 0 ]:
' 0 Gp@™)
* 1y 1n-5
VI‘ES = VdS _V(;:S . * [ * * ] (895+8?4q )10 2 0 (51)
r * c ! Us=[Vas Vs (48) _4-1/1-0.849~ +0.84q"
VqS = Vqs —VqS =q 0 0.082
The rewriting of (47) in the matrix form gives: 1-084q"
o {Gn@) 0 } Vi )
Tem 0 Gp(d)] Vg
The polynomials matrices of the CARIMA model (29) are:
(1-0.84q7 +0.840 7). 0
_ (1-0.84q™
A(q 1): ( q ) 2 s
0 (1-0.84q ™ +0.84972).
.(1-0.84q™)
, 8.95+8.44q7)(1-0.84g™).10° 0
B(q l): ( q )( q ) 4 > (52)
0 0.082(1-0.849™ +0.8497°)
10
C(s)=
CERN
The matrix form of the prediction equation (44) for j =1 is:
®,(k+1) | [1.84-1.68q" +0.84q 2 0 o7,
T, (K+1) 0 1.84-1.68q " +0.840 7% | Tem (k)
. 8.95.10° —7.0896.10 °q 2 0 AV (k) N (53)
0 8.95.107° ~7.0896.10°q* | | AV (K)
{8.4399 0 } AV (k1)
0 8.4399 AV(;S (k-1)
Where:
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1, [1.84-1.68q7'+0.84q7° 0
G, (@™ = q q 9 S
0 1.84-1.68q " +0.84q
1, [8.95.107° -7.0896.10°q 2
Hi(@™) = (54)
a7 [ 0 8.95.107° —7.0896.10°q
84399 0
J@@h=
(@) { 0 8.4399}
O __Kn (57)
The multivariable cost function is defined by T:m 1+ T8
equation (42):
With:
Jepe =UT(HTH+ AU +2UTHT(E- W) + (55)
+(E-W)T(E-W) 1 J
Ao | K =17 T =1
The analytic minimization %:O gives: f f
U= (HTH YN TlHT (W— E) (56) qu km = 1900; T,=625and Te = 0.0_Olsef:,
¢ equation (57) is represented by the following discrete
) transfer function:
With:
(@7 (k+1) | AV, (K) A (K) _ 0-016ql‘l (58)
| Tem(k+1) | AV (K) Tem()  1-0
W = L U=U = The speed prediction equation is given by:
@7 (k+]) | AV, (K +j-1)
[ Tem(K+ 1)) AV (k+j-1) Qnk+])=G;(@ ™) (K)+3;(@ AT, (k1) + 59
L ] " _
E G(q—l) cI)r(k) J(q—l) AVJS (k_l) +Hj(q )ATem(k+J)
= +
Tem (K) AV (k-1) The future Tem command is:
and:
Gi(@™) L@ Tem =[HTH+ 21y T HT [Qr —G(@ ™)y, (K) - (©0)
- S : ~3(@ ™) AT (k- 1)]
G 1 = y J 1 = em
@) . @) . With:
Gi@™) Ji@™ 0 0 o0 2 -1t
H=|00160 0 0|;G=[3 -29*|and
Hy (@Y 0 0 0 0.0320 0.0160 0 4 -3q*
H) = Ho@h) Hi@™) 0 0 0.016
: Hi@™ 0 J={0.032
[ Hj(@™) H,@™h) H@™) 0.048

5.2. Synthesis of the SISO Predictive Control law
The prediction model is given by the following
mechanical equation [13], [20]:
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6. SIMULATION RESULTS

Using the block diagram of Fig. 7, the simulation
was carried out under the same conditions as the
conventional FOC control with the following
adjustment parameters:
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Table 1. Predictive control setting parameters.

Predictive MIMO_Predictive SISO_Predictive
(Torque/Flux Norm) (Speed)

regulators
Parameter

N1 1 1

N2 5 5

Nu 3 3

A Matrix 0.01 Ix, 0.002

6.1. Discussion

At start-up and during the transient regime (Fig. 8),
the speed increases linearly as a function of time and
reaches its reference value 288rd / sec at t = 0.75sec
without overshoot. The electromagnetic torque of the
DSIM reaches its maximum value at start-up and then
reaches the steady state at t = 0.75sec. At the
beginning, the stator current ls14 reaches a current of
33A. The stator voltage Vsia is sinusoidal in shape. The
rotor flux norm presents at the start-up some peaks for
a fraction of a second oscillating around their setpoints.
At time t = 2.5sec, the speed reverses and reaches its
negative setpoint after 1.2sec without any overshoot.
This generates an increase in the current lsa of a
magnitude equal to that recorded during the start-up,
which stabilizes after 1.2sec, the electromagnetic
torque reaches its maximum value at the time of the
inversion of the speed, which stabilizes once the latter
reaches its setpoint (-288rd / sec); the torque Trywr
progresses in a manner analogous to the reference
torque; the flux norm @ follows their reference
value during the inversion of the speed.

6.2. Robustness Test

Figs. (9.1) to (9.4) respectively show the no load
characteristics of the DSIM with speed and flux norm
regulation by a multivariable predictive control,
followed by increasing the rotor resistance, stator
resistance and decreasing the mutual inductance 75%
of its nominal values, and an increase in the inertia
200% of its nominal value between t = 1.5sec and t =
2sec.

The simulations results show clearly the insensitivity of
the predictive control to the variation of the mutual
inductance. On the contrary, we note that a 75%
increase in the value of the rotor resistance, stator
resistance and inertia, has a little influence on the
performance. We notice (Fig. 10) a slight decrease in
speed and a slight increase in the flux norm for a
simultaneous variation of + 75% Rr, + 75% Rs, -75%
Lm and + 200% J .
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Fig.8. Simulation results for MIMO predictive control of
DSIM.
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(speed and rotor flux norm results).
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(speed and rotor flux norm results).
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Fig.10. Robustness test for a simultaneous variation of
+75%(Rs,Rr), -75%Lm and +200%J (speed and rotor
flux norm results).

7. CONCLUSION

In this paper we presented the predictive control,
based speed, torque and flux prediction of Double
Stator Induction Machine (DSIM). Then we discussed
the basic idea of multivariable predictive control as a
decoupling system able to replace the conventional
FOC control and allowing to control the future torque
and the future flux to minimize the reference voltages,
such as the synthesis of this control takes into account
all the components of the drive system. (Machine,
Inverters and System estimation). From this fact, it is
concluded that the adjustment of the speed, the flux and
the torque by the predictive control, brings remarkable
improvements over the conventional control. In
addition, the decoupling between the flux and the
electromagnetic torque is perfectly ensured.
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The prediction operation of the speed, the flux and the
torque increases reliability, reduces the complexity and
the cost of the system. Indeed, the speed variation of
the double star induction machine in variable speed
range is a difficult problem to be overcome with
respect to the parametric variation and in particular the
mutual inductance, the rotor resistance and the stator
resistors, thus causing the instability of the system.

From the obtained results, it can be concluded that
the studied techniques are valid for the nominal
conditions, even satisfying the operations in variable
speed drive and even when the machine is loaded, on
the other hand they have acceptable robustness to the
variation of the load, thus achieving good static and
dynamic performance.

8. APPENDIX

Double stator induction motor parameters [3], [4],
[12], [20]
Pn=4.5kW, f=50Hz, Vn( A )=220/380V, In( A vy=6.5A,
Qn=2751rpm, p=1
Rs1= Rsp=3.72Q, R, =2.12Q, La= Lsp= 0.022H, L, =
0.006H, Lm =0.3672H
J =0.0625 Kgm?, K¢ =0.001 Nm(rad/s)*
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