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FUZZY CONTROL OF THE PERMANENT MAGNET
SYNCHRONOUS MACHINE SINGULARLY

PERTURBED FED BY A THREE LEVEL INVERTER
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In this paper, we present the control technique based on the singular perturbation technique controlled by a fuzzy
regulator applied to the permanent magnet synchronous machine (PMSM). This technique applied to the PMSM conducts
to a separation of the variables into disjoined subset or two separated models: one having a slow dynamics, and the other
a fast dynamics. To ensure certain robustness to the decoupled control system based on these techniques, the control speed
and the Id current is carried out by fuzzy regulators. A qualitative analysis of the principal variables evolution describing
the behavior of the global system (PMSM-Inverter with MLI-Control) and its robustness is developed by several tests of
digital simulation in last stage.
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1 INTRODUCTION

The vector control technique permits to compare the
PMSM to the separate excitation DC machine. The vec-
tor flux must be concentrated on the D axis with Id
current null. However the exact knowledge of the rotor
flux position poses a precision problem [1]. The tech-
nique based on the singular perturbations control tech-
nique which makes abstraction with the flux orientation
permits to solve this problem.

It also allows, to completely decouple the system in two
linear and mono variable subsystems. Thus, it is possible
to control independently the speed and the forward cur-
rent Id . The traditional control algorithms (PI or PID)
prove to be insufficient where the requirements in perfor-
mances are very severe. Several methods of control are
proposed in the technical literature, among them, the
fuzzy control which held our attention by the simplicity
of its adjustment algorithm and which is the objective
of our work [2, 3]. The work is composed by a PMSM
modelling in the Park frame and an overview of singular
perturbation control technique in order to decouple the
machine model. Then, a brief outline on the fuzzy con-
trol and its application to the speed and the Id current
control of the PMSM supplied with an MLI inverter. In
the last step, a comment on the results obtained in simu-
lation and a conclusion where we emphasize the interest
and the contribution of this method of control.

2 THE PMSM NONLINEAR MODEL

With the simplifying assumptions relating to the
PMSM, the model of the machine expressed in the ref-
erence frame of Park, in the form of state is written as

[2, 3].
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The variables to be controlled are the current Id and the
mechanical speed Ω
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3 SINGULAR PERTURBATION
APPLIED TO PMSM

This technique conducts to a separation of the original
system into disjoined subset or two separated models: one
having a slow dynamics, and the other a fast dynamics
[7–9].
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The standard form for singular perturbed systems is
[7–9]

ẋs = f1(xs, xf , u, t, ε) ,

εẋf = f2(xs, xf , u, t, ε) , (5)

y = h(xs, xf ) .

Considering

x = (x1, x2)
⊤ = (x1s + x1f , x2s + x2f )

⊤,

u = ( vds vqs )
⊤
= ( vdss + vdsf vqss + vqsf )

⊤

and eliminating the negligible parts of the two sub vectors
of the state vector, we will have

x = [xs, xf ] (6)

x1 = x1s = xs ; x1f = 0 ,

x2 = x2f = xf ; x2s = 0 .
(7)

The existence of the small and big time constants con-
stitute an important hint to choose ε , which can be de-
fined as the quotient between these two parameters.

ε =
τf

τs
. (8)

The slow model is calculated by supposing that ε = 0

f2(xs, xf , u, t, 0) = 0 . (9)

For the fast model, ε is set to be zero:

εẋf = f2(xs, xf , u, t, ε) . (10)

By considering that the variables ids and iqs are fast and
that ωr is slow and choosing [7–9]

ids = idsr , iqs = iqsr , ωr = ωrl .

Defining the state vectors as

y = [ ids ωr ]
⊤ ; u = [ vds vqs ]

⊤
;

x = [ ids iqs ωr ]
⊤

(11)
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By rearranging the equations, we obtain:
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with ωrs(0) = 0.

Fast model
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with idsf(0) = 0, and iqsf (0) = 0.
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A judicious choice of the controls such as

vds = vdsf with vdss = 0 ,

vqs = vqss with vdsf = 0
(16)

deals to the two decoupled models according to

Slow model:
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4 THE LOAD TORQUE ESTIMATE

The load torque is hardly measurable what obliges us
to use its estimate in the Iqc control expression. The
method suggested by le Pioufle permits to estimate in
real time the load couple [2].

Figure 3 illustrates the estimator principle.

The error between measured speed and estimated
speed is presented as an input of a regulator PI whose
output is

C̃r =
1 + k1

k2

s

1 + 1+k1

k2

s+ 1
k2

s2
Cr , (19)

k1 and k2 are determined by the poles placement method.

The estimated torque follows with a good precision the
load torque variations static mode while in dynamic mode
it presents a light shift due to the estimator reaction.
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Fig. 1. Load torque estimator

Fig. 2. The estimator response characteristic

Fig. 3. Internal FLC structure

Fig. 4. Membership function and surface control

5 THE FUZZY LOGIC CONTROL (FLC)

5.1 Fundamentals of FLC

The schematic diagram of a closed loop FLC for
PMSM drive is shown in Fig. 6.

The FLC has three functional blocks for calculation
and knowledge base which contains two databases. The
functional bloks in FLC are

– Fuzzification is defined as the mapping from a real val-
ued point to fuzzy set. In most fuzzy decision systems,
non fuzzy input data is mapped to fuzzy sets by treat-
ing them as triangular membership functions, gaussian
membership functions, . . .

– Inference mechanism. Fuzzy inference is used to com-
bine the fuzzy IF-THEN in the fuzzy rule base, and to
convert input information into output membership func-
tions. An inference mechanism emulates the experts de-
cision making in interpreting and applying knowledge
about how to perform good control. The rule may use
the experts experience and control engineering knowl-
edge. There are three types fuzzy rule based models for
function approximation. Mandani model, Takagi-sugeno
model,and Koskos addition model.

– Defuzzification. There are many methods which can be
used for converting the conclusions of the inference mech-
anism into the actual input for the plant. Center of grav-
ity defuzzification method is often used. Other defuzzifi-
cation strategies can be found in technique literatures.

5.2 FLC design

The inputs to the fuzzy controller are error (e) and
variation error (de). The output of the fuzzy controller is
(du).

The universe of (e), (de), and (du) are partitioned
into three fuzzy sets. N (negative), Z (zero), P (posi-
tive). Each fuzzy set is represented by triangular mem-
bership function or trapezoidal membership function
(Fig. 4).

The rule base of the FLC contains nine rules based on
the IF-THEN structure which are tabulated in Table 1.

The crisp output of the FLC is obtained by using
Max-Min inference algorithm and the center of gravity
defuzzification approach. It is known that the sensitivity
and performance of FLC system are significantly affected
by the weighting factors C1 , C2 and C3 . However, we
lack a general methodology for choosing these factors. In
this paper, a trial and error approach is used to determine
and adjust these weighting factors [4–6].

6 THREE LEVELS INVERTER MODELLING

The NPC three levels inverter of tension consists of
twelve pairs of transistors — diodes that generate levels
of amplitude tension −U , 0 , U . It is generally controlled
by the PWM. The simple tension of each phase is entirely
defined by the state of the four transistors (Switches) con-
stituting each arm. The median diodes of each arm per-
mits to have the zero level of the inverter output voltage.
Only three sequences of operation are retained and done
in work. Each arm of the inverter is modelled by a perfect
switch with three positions (−1, 0, 1) (Fig. 5). The oper-
ation of the converter is based on the PWM strategy with
two carriers. The intersections of these last with the mod-
ulating signals determine the instants and the durations



Journal of ELECTRICAL ENGINEERING 63, NO. 3, 2012 189

Fig. 5. Functional diagram of the Multilevel Inverter

Fig. 6. General Diagram of the fuzzy control with decoupling based
on the singular perturbations technique of the PMSM

Fig. 7. PMSM responses to a level speed of 100rd/s followed by an
inversion speed – 100 rd/s at .8 s

of closing or opening of the switches of each arm [10].
The three-phase simple power provided by the inverter is
determined by the following relation.

Table 1.

du e
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∆e Z N Z P

P Z P Z
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 ,

Si = Ti1Ti2 − Ti3Ti4 , ; (i = 1, 2, 3) ,

Si : Logic signals (PWM),

Fi : Switching functions.

7 SIMULATION

The decoupling based on the singular perturbations
technique control of the PMSM supplied with a three lev-
els inverter of tension (PWM) and with the fuzzy control
(Fig. 6), is tested by digital simulation.

Figure 7 represents the performances of the control de-
vice proposed for a speed level of 100rd/s followed by an
inversion of speed rotation – 100rd/s at .8 s. The control
performances are very satisfactory. The dynamics of con-
tinuation is not affected during the inversion of the speed.
The decoupling is ensured when inversing the speed. One
notices, for speed, a starting without an overshoot and
static error and a fast perturbation rejection. The Id cur-
rent is maintained null and independent of the speed in-
version (torque). The Iq current is proportional to the
torque. The fluctuations recorded on the currents are due
to the inverter control.

8 CONCLUSION

We presented in this paper the fuzzy control perfor-
mances for a PMSM decoupled by the singular perturba-
tions technique and associated to a three levels inverter
(PWM). The results obtained show the applicability of
this control technique in the field of the electric drives.
The objective of continuation is very good. The speed
time response and the perturbation rejection are very
good with no overshoot.

Decoupling is maintained even with the inversion of
the speed. The singular perturbation technique permits
to bring the behaviour of the closed loop system of a non-
linear system to a decoupled linear system. This control
strategy provided a stable system with satisfactory per-
formances with a good decoupling.
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Fig. 8. PMSM responses to a level speed of 100rd/s followed by an inversion speed – 100 rd/s at 0.8 s
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