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Abstract: In al the research tasks, the researchers use regulator Pl. In this work, one treats the Field-Oriented Control (FOC)
where the regulator is PD. Simulation is made by the software MATLAB/SIMULINK.
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Nomenclature

L, : Stator inductance cyclic,

L, : Rotor inductancecyclic,

M  : Cyclic mutual inductance between stator and rotor
R, : Stator resistance,

R, : Rotor resistance,

o . Scattering coefficient,

T, : Timeconstant of the rotor dynamics,
J : Rotor inertia,

T, : Resistivetorque,

P : Pole pair motor,

T> :isthe2-dimensional identity matrix,
Jo . isaskew - symmetric matrix.

1 Synthesis of Field-Oriented Con-
trol

For an asynchronous machine supplied with tension, ten-
sions stator Vs, and V5, are the variables of control, and
we consider rotor flux, the currents stator and the mechan-
ical speed like variables of state [1].
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The parameters are defined as follows:
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A(Q) = TLTZ2 —pﬂjg

The stator pulsation is not exploitable since v,. is null
with the starting of the machine. We will use for establish-
ment, the following equation:
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The vectoria field-oriented control is based on an orienta-
tion of the turning reference mark of axes (d, ¢) such asthe
axisd that is to say confused with the direction of ¢,. [1].

The flux +,- being directed on the axis d, the equation
of state (1) us alowsto express Vg4, Vsq, ¢, and w, with
Yrq = 0 and ¢,q = .. The following equations are ob-
tained [2] :

2

Z.s.d —Yisq + wsisq + TET'QZJT + %stsd

qu = —Wslgg — 'yisq —pK Y, + ULLSVsq

% = TMTisd - T%% (3)
0 = TMTisq - (ws - pQ) wr

Q = %%isqwrd - fTUQ - %

Closely connected of uncoupled the two first equations
from the system (3). We define two new variables of order
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Vsq aNd vgy

(4)

Where v, and v, are the terms of coupling given by :

{ Vsd = VUsd — €sd

Vig = Usqg—esq

o= o (oimign) g
€sq = oL, (wsisd + pKQd}T)
and ordersit uncoupling
VUsd = ULS (st + ’yisd) (6)
Voq = 0Lg (isq + yisq)

Transfer functions of this system uncoupled while tak-
ing asin-putsvsq, vs, and asout-putSisq, is, and:

bsd o1

Vsd oLs(s+7)

_ (7)
Ysg  _ 1

Vsq oLg(s+7)

We will present the synthesis of each regulator sepa-
rately closely connected to clarify the methodology of syn-
thesis of each one of them.

Flux regulator :

The combination enters the third egquation of the sys-
tem (3) and the first of the system (7), we will have

M 1
LsTyo (s + T%) (s +7)
We wish to obtainin closed loop aresponse of the type

274 order. To achieve this objective, one takes an adaptive
proportional-derive regulator with MRAC of the type:

Uy VUsd (8)

PD¢(S) = kpys + kpy = p15 + p2 (9)

We can represent the system in closed loop by the figure
(FGc.1

l//rm
Gym ()
Adaptation Law ew/\
+
U,
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Figure 1: Diagram block in closed loop of PD adaptive
regulator with model reference of flux.
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The reference model of the system in closed loop is
selected with afirst-order transfer function:

b¢m
G¢m(s) - S+ Gym

That is to say the optimality criterion J(e) of the ad-
justment loop is expressed by the quadratic integral [3]:

J(e) = |e] (10)

Its derivativeis:

5 = sign(e) (12)

The out-put is written:

\I’(S) _ (p15+p2) KU) U¢c(5)

32+(T%+'y)s+%+(pls+p2)l(¢

(12)

Let us compensate for the slowest pole by the numera-

tor of the transfer function of our regulator, which is trans-
lated by the condition:

1 kpy  p2
— = = == 13
Tr th// P1 ( )

In open loop, the transfer function is written:

p1K¢ .
G = th Ky = 14
Bou(5) st Wt Ky =770 (14)
Andin closed loop:
p1Ky
G = 15
BFw(S) s+7+p1K¢ ( )

If the condition (13) is not considered, therefore one will
have

(p15+ p2) Ky

GBry(s) = - (16)
(s+ %) s +7) + Ky (prs+p2)
One calculates the adjustable parameters p; and ps:
aGBF¢(S) _ bd)m S
Op1 S+ Qym P15+ p2
S+ Gym — bwm (17)
S+ aym
aGBF¢(S) . 1 S+ Gym — bd)m
dp> pis+p2  S+apm
bym
_ym (18)
S5+ aym

Where by, = p1 Ky and aym =7 + p1 Ky.
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Taking into account (11), (17) and (18), one can write
the equation of gradient p; and p,:
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Speed regulator:

According to the mechanical equation of the machine
(3); we have:

1

= T+ fo (Ter, — T) (23

From where the expression of the electromechanical torque
is given by the formula:
_pM

& Z.sqwrd (24)

Tem
L,

While replacing, i 5, the system (7) in the torque (24)

pM 1
Tern = —Vpg-————— .05 25
LrdeLs(3+7)Uq (29)
Therefore, equation (23) becomes :
ﬂw d 1
= —obele 70— ——T, 26
Ts+ ) Gen ™ Tsx it (20

For closed loop speed it was proposed regulator PD
with MRAC of theform :

PDq(s) = kpa + kpas = 015 + 02 (27)
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The functional diagram is given by the figure (FI1G.2)

Q,
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Figure 2: Diagram block in loop closed of PD adaptive
regulator to model reference speed .

The reference model of the loop system closed is se-
lected with a second-order transfer function:

me

Gom) = aam

Let us compensate for the slowest pole by the numerator
of the transfer function of our regulator, which istranslated
by the condition:

fo _kro _ 2

== = 28
J kpa o (28)
In open loop, the transfer function is written:
Kotra . M
Gpoal(s) = w with Kq = JIZ/)SLTO' (29
Andin closed loop:
Kq,
GBFQ (S) — 01 QU} d (30)

s+ + 01 Kora

If the condition (28) is not considered, therefore one will
have

(p1s + 02) Kotra

Ggra(s) = R
(3 + 7”) (s +7) + Kaotra (015 + 02)
(31)
The adjustable parameter is calculated ¢, and g- :
0GBra(s) _ bom 1 s+ agm —bam (32)
do1 s+aom 01 S+ aogm
6GBFQ(S) . 1 s+ agm — bam
002 015+ 02 s+aom
me
33
s+ aom (33)
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Where bo,, = QIKQ'QZer and agm = v+ QlKQwrd-

Taking into account (11), (32) and (33), one can write
the gradient equation g, and g- :

dot dJ(e) Oe
2ol - _ - 34
E{ dt} T 5e 001 (34
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2 Resultsand Simulations

We conceived simulation by carrying out the diagram gen-
era in blocks as the figure showsit (Fig.3).

2.1 Simulation Block Diagrams, Machine
Data and a Benchmark

We ride a detailed scheme SIMmULINK of the MRAC regu-
lator in figure (F1G.4).

In addition to that, we perform a simulation with
MATLAB-SIMULINK by using the benchmark in (FIG. 3)
and the asynchronous machine parameters given in Table
1
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Parameters Notation | Value Unit
Poles pairs p 2

Stator resistance R, 9.65 Q
Rotor resistance R, 4.3047 Q
Stator inductance L, 0.4718 H
Rotor inductance L, 0.4718 H
Mutual Inductance M 0.4475 H
Rotor inertia J 0.0293 | Kg.m?
viscous damping fo 0.0001 | Nm.s/rad
coefficient

Resistive torque T 0 N.m

Table 1: Parameters of the asynchronous machine.[4]

2.2 Powerful of MRAC based FOC

The vector of machine sate is initia-
ized whit [ i i Yra tra @] =
[0 0 02 0 0], and the results are given for
the machine of which adirect starting.

The figure (FI1G.5) shows the pace of desired flux and
flux reference. One notices desired flux follows very well
his reference with a respect to the transient state and the
moment ¢ = 2s where speed changes its direction. The
meansflux erroris —32.2mW b with avariance 14.9x 10 3
to see the figure (F1G.6)
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Figure 3: Diagram genera of FOC with MRAC regulator.
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Figure4: SImuLINK of FOC with MRAC regulator.
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Figure 5: Flux performance.

E-ISSN: 2224-350X

143

Error flux [Wb]
s
}

Time [s]

Figure 6: Flux errors of control.

The curves of thefigure (FI1G.7) give desired speed and

controlled speed; there are differences right in the tran-
sient states at moment ¢ = 0.5s and ¢t = 2s, with a very
weak means of error which is —0.6441rad/s and variance
99.497 to go up to the figure (F1G.8).
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Figure 7: Speed performance.
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Figure 8: Speed errors of control.
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The evolutions of the self-adjustable parameters p; and
p=2 gave by the figure (FI1G.9) and of the parameters o, and
02 by thefigure (FIG.10)

013
0125}
0.12F
o 0415f
01LF

01051

0.1

0.095 I I I I I I I
0 0.5 1 15 2 25 3 35 4

P2

Time 3]

Figure 9: Parameters p; and p,.

Time [s]

Figure 10: Parameters g; and g-.
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3

Conclusion

We clarified FOC control. The uncoupling control, us made
it possible to use adaptive regulators and to have an effect
uncoupled on the regulation from rotor flux and rotating
speed.

The two regulators used are PD adaptive in the control

loops of the rotor flux and of rotating speed. The results
are very well. Simulations show the effectiveness of adap-
tation.
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