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Abstract: In the industrial world; the applications of Permanent Magnet Synchronous Motor(PMSM) do not cease in spite
of nonlinearity of the mathematical model. In this study; one detailed the demonstration of application of the Field-Oriented
Control (FOC) with the Model Reference Adaptative Control (MRAC) where there is a regulator in the feedforward and the
another chain direct. Theresults are proven by the SIMULINK/MATLAB software.
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1 Introduction

Thanks to progress of the power electronics, industry was
directed towards the use of the machineswith AC currentin
order to benefit from their advantages such as, the variation
speed flexibility and the stability operation [1]. Among the
machines with AC current used in the drives, the PMSM
which presents a certain number of advantages, namely
not of rotor losses, a weak inertia, its mass couple high
compared to that of the asynchronous motor and traditional
synchronous motor. Moreover, they have inductances rela-
tively weak, which involvesfast answers of the currentsand
thus of the couple[2, 3]. To thwart this difficulty and to ob-
tain a situation equivalent to that of the machine with D.C.
current with separated excitation, BLASCHKE and HASSE
in 1972[4], proposed a technique of control known as con-
trol vectorial called too FOC. The fundamental idea of this
strategy is to compare the synchronous machine behavior
to that of a D.C. machine, i.e. a model linear and uncou-
pled what makes it possible to improve its dynamic behav-
ior [4]. However, the vectorial control it could not be estab-
lished and really used because the regulations, at the time,
thus rested on component analogical, the establishment of
the control was difficult. With the micro-controllers event
and thanks to progress electronics numerical and the ap-
pearance of the fast processors of digital processing of the
signal like (DSP), the realization of their control became
increasingly simple. That led to an research explosion and
applications relating to the FOC of the PMSM.

To satisfy the needs for this study, we organized our
work asfollows:

e Mathematica Model of the PMSM.
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e Vectorial Control of the PMSM.

e Simulations and Results.

2 Mathematical M odd of the PM SM

With the simplifying assumptions relating to the PMSM,
the model of the motorexpressed in the reference of PARK,
in the form of state iswritten [5, 6, 7]:

diq R. L, .. 1

Zd o _ b 24,0 —

7 Ldzd+ Ldp ig + LdVd

diy Ly .. R. U 1

Do o iy — i — —pQ+ —V, 1
dt [ S et D)
dQ 3p . . f 1
pra ij(q”qﬂL(Ld—Lq)ld@q) - 71)9— jTl

Where V,, V;, are quadrature axis and direct axis volt-
ages, i4, i, are quadrature axis and direct axis currents. 2
rotating speed, 7 applied external load torque.

If the motoris with constant air-gap (without polar
parts).
In these equations:

R : stator resistance,

¥ flux linkages of permanent magnet rotor,
: direct stator inductance,

L, :quadraturestator inductance,

fv :frictiona coefficient,

p : number of poles.
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3 Vectorial Control of the PM SM

The synchronous motor model in the reference frame of
PARK led to a system of differential equations where the
currents are not independent one of the other, they are con-
nected by nonlinear terms or coefficients. This couplingis
eliminated by a method of compensation [8]. The principle
of this decoupling amounts defining two new variables of
control such as[8]:

(Voo 2
Where e, and e, are the terms of coupling given by :
{ es = LypQig 3
eq = LgpQig+ ¥pQ
and ordersit uncoupling
o o “@

Transfer functions of this system uncoupled while tak-
ing asin-putsvy, v, and asout-putsig, %, and:

G _ 1
Ud Ld($+l%)
) )
B¢ _ b
" ()

We will present the synthesis of each regulator sepa-
rately closely connected to clarify the synthesis methodol -
ogy of each one of them.

ig-current regulator :

We wish to obtain in closed loop a response of the type 1 5t
order. To achievethis objective, one takes an regulator with
MRAC of the type:

’Ud(S) = 92 (91Uic — id) (6)

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

dm

Giam (3)

Adaptation law |<—qd€9
+

1 -

U, ) \Y !
© 0,(61Uc —ig) d La d

S +
Lq

Figure 1: Diagram block in closed loop of MRAC of direct
axis current.
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The reference model of the system in closed loop is
selected with afirst-order transfer function:

bim

Giam(s) =

S+ Qim

That is to say the optimality criterion .J(e) of the adjust-
ment loop is expressed by the absolute value[9]:

J(e) = |e| )

Its derivativeis:

aJ(e)
Oe

In closed loop, the transfer function is written:

= sign(e) ®)

010 K;

Gpri(s) = —p———
BE (8) S+%+02Ki

9)

With K; = L% Theerror e = ig — igm, its derivative
compared to the parameters gives :

Oe 92K2

ge 2R g 10
o6 = st Erer W 19
e 0 K; (S + I%)
%, zUic(s)
2 (S + L_Rd + GQKZ)
LR .
_ ° T 1, OKi 1 (501

S+ 2 +0:K; s+ £ + 0K,

Fore = 0 = Z‘d = 'L.dm then % +02Kl = Qjm, and
0192Ki = bim-

Oe 1
0, 61 s+ aim
1 .

= E.’Ldm
Oe 1
dp2

(12)

92 ) S+ Qim
bim
5 dim T 0y, (s)
S+ Qim e
1 b 1.
= m . <UZC(S) — gldm> (13)

By 5 + Gim

Taking into account (8), (12) and (13), one can write the
equation of gradient #; and 6,:

d91 . aJ(@)ﬁ
ﬁ{ dt} I T ) (14
0:1(s) = —ﬂszgn(e) L ddm (15)

S 91

And
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dos dJ(e) Oe
£ { dt } 2" e 06, (16
_ T2 L bim
6, = gn(e).92.8 —
1.
(Ve - gim) @D
Speed regulator :

According to the mechanical eguation of the PMSM (1);

we have:
1

- 5 5 Tem
Js+ fy (
From where the expression of the el ectromechanical torque
is given by the formula:

-1 (18)

3 o
T, — Ep (T + (La — Ly)ia) iq (19)

While replacing, i 5, the system (5) in the torque (19)

3 ) 1
Tom = 5 (¥ 4 (La = Ly)ia) ——— s (20)
Lq (S + L_q)
Therefore, equation (18) becomes::
q- (W + (Lg — Ly)iq) L 7 @

Vsg —
L!I(JS+fv)(S+L—Rq) "o Js+f

For closed loop speed it was proposed regulator

MRAC of theform :
Usq(s) = 192 (191 UQC — Q) (22)

The functional diagram is given by the figure (FIG.2)

Q,
G (9)

e —

Adaptation law QN

+

T
3 .
Uoe Vg §<w+<L‘,fL‘,>d/ ———la
95 (Y g —Q)f— Ly @ 3
[s+3J + s + f,
L

Figure 2: Diagram block in loop closed of MRAC regulator
of rotating speed .

Thereference model of the loop closed is selected with
a second-order transfer function:
me
Gam(s) =
om(5) 32 + a1Qms + agam
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In open loop, the transfer function is written:
9 Ko

Gpoal(s) = (23)
(s+4) (+5)
with Ko = 5777 (¥ + (La — Lq)ia)
And in closed loop:
9195 K,
GEra(s) = S (24)

s2+(%+f7”)s+ffj+192KQ

Theerore = Q — Q,,, its derivative compared to the pa-
rameters gives:

02 K,
> - 20 Une(5)(25)
1 32+(%+%)s+%+0ﬂ(9
R v Rfy
de 82+(L_q+f7)S+LjJ Ve ()
aaq = P} QclS
99, (32 + (Lﬁ + f7) s+ 1+ 1921(9)
SH(E+5)s+ 15 Voo
= QclS
s2+(%+f7v)s+fj3+z92KQ
1
(26)

Sothate = 0= Q = Q,, then 755 + 92 Ko = aoaum;
L% + fj" = ai1om and V192 Kq = bon,.

Oe 1 me

e _ Ut 27
01 9 s+ a10mS + aoQm @ (S) ( )
1
= —.Qn 28
5 29)
de s” + a1ams + a0 — bi,’;”
— = 5 Uqc(s)
0 $° + a1ams + aon
1
5% 4+ a10mS + Goom
- ! (Varte) = 5 ))
82 + a1Qms + aoom ’ Qe H m
(29)

Taking into account (8), (28) and (29), one can write
the equation of gradient 1, and 9

d'l91 _ 6J(€)ﬁ
ﬁ{ dt} - ™M T e o, (30
0o o L
M = . .szgn(e).ﬂ1 O (3D
And
d’l92 _ 3J(e)ﬁ
E{ dt} T T T 90, (32)
_ a2 . 1
¥y = ——=sign(e). | Ugc(s) — —Qn(s)
s (1
: (39

"2 + a10mS + aoom
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4 Resultsand Simulations

To examinepractical usefulness, the proposed regulator has
been simulated for a PMSM (see [10]), whose parameters
aredepicted in Table 1.

| Parameters || Notation | Value [ Unit ]
P Pairs of poles 4
Ly d-inductance 9. 107 | Kg.m?
L, g-Inductance 0.02682 | H
v, Flux linkage 0.1750 Wb
R Stator resistance | 2.875 Q
fo Friction factor 2. 1072 | N.m.s
J Inertia 8. 10~* | Kg.m?

Table 1: PMSM parameters used in simulations.

The vector of motor state is initialized whit
[isa isg Gwa @] =[0 0 02 0], andthe
results are given for the motor of which adirect starting, i.e.
aresistive torque null (7; = 0). We conceived simulation
by carrying out the diagram general in blocks as the figure
shows it (FIG.3). We show a detailed scheme SIMULINK
of the control with MRAC regulator in Fig.4.
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YVYYY

Transf.
32
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Figure 3: Diagram genera of FOC with reference model.
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Figure 4: SimuLINK of FOC with reference model.

The current curve is represented by the figure (FIG.5)
where it follows the desired trajectory exactly; except at
momentst; = 1.2s,t> = 3s andt3 = 4.55. Whenthereis
a change of direction the current or the rotating speed. On
will have disturbances with the curve. The figure (FIG.6)
gives the error current which equalizes a —3.2mA with a
variance of 8.7 x 1073,

Flux [Wb]

I I I I I I I
0 1 2 3 4 5 6
Time [s]

Figure5: Direct current performance.
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Figure 7: Rotating speed performance.

Therotating speed isshown inthefigure (FIG.7) where
it tofollow perfectly the pattern desired with an error means
of —1.2636rad/s and one variance 26.675 to seethefigure
(FI1G.8).
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Figure 8: Error rotating speed performance.
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The controller parameters evolution 6, and 6, are
given by the figure (FIG.9) the same ones for the ¢4, and
¥, are assembled by the figure (F1G.10).

15¢ 1
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Figure 9: Parameters6, and 6.
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Figure 10: Parameters+}, and 5.
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Conclusion

In this study; one used a regulator in the feedforward and
the other in the direct chain. The FOC of PMSM with
MRAC is proven analytically and solved by simulation by
SIMULINK/MATLAB. The simulation results are perfect.
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