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Abstract: Inthis article, one gives a new approach to calculate the gain adjustment parameters of the Field-Oriented Control
(FOC) based on regulator Model Reference Adaptative Control (MRAC), where the derivative of the performance function
is function signe. This technique enables us to eliminate all the motor parameters in the adaptation law. What facilitates the

adjustment, the convergence of the paces and gives good performances.
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Nomenclature R f_; -3

L, : Stator inductance cyclic, =0

L, Rotor inductance cyclic, The parameters are defined as follows:

M : Cyclic mutual inductance between stator and rotor

R, : Stator resistance, L, M?

R, :Rotor resistance, I, = R, ;o o=1- L.L,

o : Scattering coefficient, M R, M2

T, : Time constant of the rotor dynamics, K=- L.L, T L. T GL.L.

J 1 Rotorinertia, 7 10 7= 0 -1

T, : Resistivetorque, 2710 1 Y2710

p  : Polepair motor, AQ) =41, — pQP

T, :isthe2-dimensional identity matrix, ’

Jo i isaskew - symmetric matrix. The stator pulsation is not exploitable since v,. is null

with the starting of the motor. We will use for establish-

ment, the following equation:

1 Synthesis of Field-Oriented Con-

trol _ D

Y T Tt

—F T r te

isq

For an asynchronous motor supplied with tension, tensions
stator Vsq and Vy, are the variables of control, and we
consider rotor flux, the currents stator and the mechanical
speed like variables of state [1].

)

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 v,- being directed on the axis d, the equation

of state (1) us alowsto express Vg, Vsq, ¥ and w, with

isa Y w T pEQ tained [2] :
isq _ —ws =Y —pKQ T
VYra B TMT 0 _% ws — psd
w.rq L 0 TMT - (ws - pQ _TLT st —Yisq + wsisq + %¢r + %stsd
r isd ais 0 7/sq = ;;).sisd _17isq - pKQ¢7‘ + ULLSVsq
isq n 0 a}ls [ Vsd :| % = E%sd - Trwr
Yrd 0 0 Vsq 0 = 7Tisq — (ws — P Yy
| U 0 0 QO M jogthra — L0 — 1L
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Yrq = 0 and ¢4 = 1. The following equations are ob-
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Closely connected of uncoupled the two first equations
from the system (3). We define two new variables of order
Vsq aNd vgy

{ Vsd = VUsd — €sd (4)

Vsq Usq - esq

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

= oLy (v + 1) 5)
esq = 0Lg(wsisq+pKQy,)
and ordersit uncoupling
vsg = oLs (st + ’Yisd) (6)
Voq = 0Lg (isq + yisq)

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

isd 1

vea 0L (s+7)

, )
lsq 1

v oL (547)

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 thefirst of the system (7), we will have

M 1

- LiT.o’ (s + ) (s _i_,y)USd ®

v

1
T-

We wish to obtain in closed loop aresponse of the type
274 order. To achieve this objective, one takes an MRAC
of thetype:

vsa(8) = prUype — p2¥ 9

We can represent the system in closed loop by the figure
(FGc.1
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Figure 1. Diagram block in closed loop of MRAC regulator
of flux.

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

bym
Gym(s) =
ym(s) 82 + a1ypmS + Goym

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

J(e) = |e| (10)

Its derivativeis:

5 = sign(e) (12)

The out-put is written:

p1Ky
s? + (TL +7)s+%+p2K¢

U(s) = Uye(s)  (12)

With Ky = %—. Theerror e = ¥ — ¢),,, its derivative
compared to the parameters gives :

0 K
5 = O Usels) (19
p1 32+(f+7)s+%+p2K¢
Oe —p1 K,
% " (o1 (a " el
(s + (f +7)s+f+p2K¢)
s? + (TL +'y)s+%+pgK¢
Ky

Uwc(s) (14)
s? + (TL +'y)s+%+pgK¢

Fore = 0= ¥ = ¢, then 7=+ p2 Ky = aoym, 7- +7 =
A1ym and le’JJ = b¢m .
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Oe 1 bym
— = —. L2 Uye(s)
op1 p1 8%+ aiymS + Goym
1
= —n (15)
p1
Oe -1 (p1Ky)*
T : 3 Ue(5)
p2 P24 (F+7) s+ 7 +mKy)
-1 b2
- ym SUye(s)
pP1 (8% + aiym$ + Goym)
-1 by
= — L Yipm (16)

p1 82+ atymS + Aopm

Taking into account (11), (15) and (16), one can write
the equation of gradient p; and p,:

dp, _ 0J(e) Oe
E{ dt } TG 0p1 (n
. 1
po= —sign(e)—am  (18)
S P1
And
dpo . 0J(e) Oe
ﬁ{ dt} = T e 0p2 (19
. 1
pr = “Zsign(e)—abm
S P1
bym
. 20
$2 + a1ym$ + Goym (20)
Speed regulator:

According to the mechanical equation of the motor (3);

we have:
1

~Ts+ 1

From where the expression of the el ectromechanical torque
is given by the formula:

(Tem — T1) (21)

M .
Term = pL_'quqbrd (22)

While replacing, i 5, the system (7) in the torque (22)

pM 1
Tern = —Vpg-————— .05 23
LrdeLs(3+7)Uq 23)
Therefore, equation (21) becomes:
pM
LI ¥r 1
_ LI T @4

Ts+fo) (s+9) """ " Ts+ fu

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

Vsq(s) = 01Uqe — 0292 (25)
The functional diagram is given by the figure (F1G.2)
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Figure 2: Diagram block in loop closed of MRAC regulator
of rotating speed .

The reference model of theloop closed is selected with
a second-order transfer function:

me
G s) =
om(5) 32 + a1Qms + agam

The out-put is written:

01KV
52 + (fT” +'y) s+ e 4 0 Ko¥

Q(s) = Unc(s) (26)

With Ko = 27—, Theerore = Q — Q,,, its
derivative compared to the parameters gives :

0 KqoU
= = . Une(5)(27)
01 52 + (f7” +’y)s+ e 4 9y KW
0 —01 (Ko¥)?
a_e — Ql( Q ) 2UQC(S)
2 (32 + (f7” +’y) s+ e 4 QQKQ\II)
—01 KU
_ 01Kq Vo (s)
52 + (f7” +7) s+ e+ 0 Ko¥
KoU 8

52+(f7”+7)s+%+g21(9\11

Sothate = 0 = 0 = Qp, then 1 + 2 Ko ¥ = aoam;
L 4y = a10m and 01 Ko ¥ = boym.

36 1 me
= - = Uqe(s 29
do1 01 8%+ a1oms + aoom f2:(s) (29)
1
= —.Q, (30
01
ae —me
e Uae
8@2 52 + a10ms + agq @ (S)
i me
01 8% + atoms + aoam
1 bam
= @ Qn(s) (31)

01 8%+ a1gms + aoom
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Taking into account (11), (30) and (31), one can write
the equation of gradient ¢, and o,:

dor _ dJ(e) Oe
it = % 2
S 01
And
do\ _ . 9J(e) de
ﬁ{ dt} h a2 Oe Op> (34
KQ2 . 1
= == —. Q0
0 = = Fsign(e)- ()

s? + a10mS + Goom

2 Resultsand Simulations

We conceived simulation by carrying out the diagram gen-
era in blocks as the figure shows it (Fig.3).
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Figure 3: Diagram general of FOC with MRAC regulator.

2.1 Simulation Block Diagrams, Motor Data
and a Benchmark

We ride a detailed scheme SIMULINK of the MRAC regu-
lator in figure (FI1G.4).
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In addition to that, we perform a simulation with
MATLAB-SIMULINK by using the benchmark in (FIG. 3)
and the asynchronous motor parameters given in Table 1.

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 motor.[4]

2.2 Powerful of MRAC based FOC

The wvector of motor state is initiaized
whit [ lsa isﬁ wra wroz Q ]T =
[000 02 0 0 ]T, and the results are given for
the motor of which adirect starting.
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Figure 4. SImuLINK of FOC with MRAC regulator.

In thefigure (FIG.5); the pace controlled flux carefully
follows the flux wished with a small respect to the transient
states at the momentst; = 1.2s and t> = 2.5s. After flux
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stabilizes itself definitively; the error mean is —5.8049 x
10~* with avariance of 4.9 x 10~ to seethefigure (FIG.6)
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Figure 5: Flux performance.
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Figure 6. Mean and variance flux errors of control.

Thefigure (F1G.7) presents the controlled speed curve,
which to follow perfectly desired speed except between
momentst; = 1.2s and t» = 2.5s when there are untwist-
ings because of the variations reciprocal of flux and speed.
The figure (FI1G.8) gives the speed error which has mean
equal to 1.8189rad/ s and the variance of 22,9274 .
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Figure 7: Speed performance.

ISSN: 2367-8976 113

International Journal of Power Systems
http://www.iaras.org/iaras/journals/ijps

= Gaussian
BN Histogram

Error speed [rad/s]

2
Time [s]

Figure 8: Mean and variance speed errors of control.

The adjustments parameters evolutions of rotor flux is
shown in the figure (F1G.9) even for the speed adjustments
parameters are shown by the paces of the figure (F1G.10).
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Figure 9: Parameters p; and p.

«~ 30
o

Figure 10: Parameters g; and g-.
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Conclusion

We showed a new technique which eliminates all the motor
parametersin the adaptation law. Even although the perfor-
mance function is a switching function it there chattering

not.

The simulation results are perfect.
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