International Conference on Control, Engineering & Information Technology (CEIT'13)

Proceedings Engineering & Technology - Vol.1, pp.93-98, 2013
Copyright - IPCO

An IRFOC Drive Scheme for a SEIG-Wind
Turbine Water Pumping System

Noureddine Hidouri' and Lassaad Sbita’

‘noureddine.hidouri@yahco.fr, ‘lassaad.sbita@enig.rnu.tn

Research Unit of Photovoltaic, Wind turbine and Geothermal Systems

National Engineering School of Gabes, Tunisia

Abstract— In this paper, the authors present an IRFOC drive
scheme for an isolated wind turbine water pumping system. The
turbine is used to drive the Self Excited Induction Generator
(SEIG) in order to feed an isolated load composed of an
induction motor and a hydraulic centrifuge pump. The
considered load receives the required active power from the
SEIG through a diode rectifier, a buck converter and an
inverter. The models of the wind turbine, the SEIG, the diode
rectifier, the buck converter, the inverter and the centrifuge
pump are developed and used in the control scheme. The
dynamic performances of the turbine, the generator and the
motor are analyzed. The simulation results have shown that the
proposed methodology is an efficient solution of an important
control system.

Keywords— wind turbine, water pumping system, FOC, SEIG,
Induction motor.

I. INTRODUCTION

In the isolated areas as the rural zones, the islands and the
mountains, the use of the renewable energy such as
photovoltaic and the wind energy is a improved solution for
such applications as the electrification and the water pumping
system [1-4].

Many category of electric generators have been associated
with wind turbines and proposed to convert wind power into
electric power such as PMSG [5],[6], DFIG [7-10], IG [1],

[2L,[11].

Different types of motors are used in water pumping system.

PMSM [12],[13], IM are also used in the pumping system
applications with several control strategies [14],[15].

Many techniques of control have been applied to induction
motor as direct torque control (DTC) and field oriented
control. The concept of field oriented control (FOC) is firstly
developed by Blasche,[16]. The FOC is a flux-torque
decoupling technique applied to AC machines. Two
approaches are possible: the direct field orientation (DFO)
based on the rotor flux angle given by a flux observer or
estimator and the indirect field orientation (IFO) based on the
rotor slip calculation, [17], [18].

In this paper an indirect rotor field oriented control is
synthesized for an induction motor (IM) associated to an
isolated wind turbine water pumping system in order to
generate the torque required by the centrifuge pump load.
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II. THE WIND WATER PUMPING SYSTEM MODEL

Figure 1 shows the proposed wind turbine water pumping
system considered in this paper. The rotor of the pitch
controlled wind turbine is coupled to a Self Excited Induction
Generator (SEIG) through a gear-box in order to convert the
mechanical power to electric power. The produced SEIG
supply is converted by the diode rectifier, filtered by an LC
filter, converted by an inverter and used to feed an IRFOC
controlled induction motor that is coupled to a hydraulic
centrifuge pump.

A. Turbine Model

The will known power coefficient C, (f,4) of the
horizontal axis wind turbine used is this research work is a
nonlinear function of the tip speed ration A and the pitch
angle £ . It is given by relation (1) where c, to C, represents
the turbine characteristic coefficients, [20], [21].
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The tip-speed ratio used in relation (1) is expressed by the
following relation:
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The mechanical power extracted by a wind turbine from the
wind and the developed turbine torque are respectively given
by the well-known formulas (3) and (4).
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Fig. 1 Proposed wind turbine pumping system

B. SEIG complex model

In the Concordia stationary reference frame, applied to the
SEIG stator, the Ohm’s law is given by:

_ dg
V, =R, +—&

= sl T )

The stator flux vector @, is linked to the stator current i

and rotor flux ¢, by the equation (6):
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The magnitude @ of the stator flux vector ¢, and the

magnitude @ of the rotor flux vector ¢, are constant;

consequently, the vectors:
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The expression of the magnetizing inductance with
consideration of the phase voltage is given by relation (8),
[19].
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The leakage inductances of stator and rotor are given by
the following formula:

fs = LS _Msr
{ )

fr = Lr_Msr

The capacitor voltage vector is equal to the stator voltage
vector and expressed by relation (10):

Ve

S R
v, =Ejlcdt e, (10)

The generator electromagnetic torque is given by (11)
where p, represents the SEIG pair pole number.

ngsr
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The mechanical system of the wind turbine system can be
described by the simplified motion equation:

dQ
CT _Cgem = ‘th d_tT+ fthT (12)
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C. Induction Motor Model

In the Concordia stationary reference frame, applied to the

induction motor stator, the Ohm’s law is given by:
d o
dt

Vins = Rs bns +

(13)

The stator flux vector ¢, is linked to the stator current
and rotor flux @, by the equation (14):
P = O L1,

S 'ms

M
+_Sr¢mr (14)

The magnitude @, of the stator flux vector ¢,  and the

magnitude @ . of the rotor flux vector ¢, are constant;

consequently, the vectors:
n JOns
Py = D€’
T = D)

The electromagnetic torque can be expressed by relation
(16) where p,, represents the motor pair pole number.

(15)
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When Park synchronous reference frame with the stator
flux is used, (13) becomes as follows,

where o, is the
electric stator flux speed:

ms

+ ij&)mS

(17)

The stator flux and the rotor flux vectors are linked to those
of current vector by:

(18)

The electromagnetic torque can be expressed by:

Cmem = Py L_sr(cDmrd Imsq _q)mrq Imsd) (19)

D. Centrifugal pump model

The centrifugal pump model can be described by the will
known mechanical characteristic illustrated in relation (20).

h=a,0’ -a,0,Q-2,Q> (20)
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The hydraulic power B, and the load torque of the
centrifugal pump can be described respectively by (21) and
(22).

Ry = p9QH 1)
C, =k, Q’ +C, (22)
The mechanical model of the electric motor can be
described by (23) where f, and C, represent respectively the

motor’s friction coefficient and the hydraulic load torque of
the centrifugal pump.

Ims

dQ

m

C

em

Jm

+f,Q,+C, (23)
E. Buck Converter Model

The schematic of the buck converter power stage that
provides a stepped-down voltage to the load is given in fig. 2
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Fig. 2 Structure of the buck converter

We designate by ¢ a Boolean variable that takes the value
(c=0) if the key is switched off and the diode is switched on

and takes the value (c =1) if the key is switched on and the
diode is switched off. Thus, the model is given as, [10]:
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III. THE IM FIELD-ORIENTED CONTROL STRATEGY

After arrangement, equation (17) can be represented by
(26) where the different related terms are given by (27).

w =V —E (26)
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Considering the rotor flux orientation condition given by
relation (28) and the famous relation (29), we can establish
(30).

o =0
{(Dmrd ~ mr (28)
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A. Estimation of the rotor flux, the slip frequency and the
electromagnetic torque

The rotor flux can be estimated from the direct stator
current component obtained when the park transformation is
applied to the measured three stator currents as indicated by
the will known relation (31).

(Dmr7e5t = = I
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R p
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msd

The slip frequency (32) is estimated from the quadratic
current and the estimated rotor flux.
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The expression of the estimated electromagnetic torque is
given by relation (33).
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B. Regulation of the electromagnetic torque

The torque transfer function torque/voltage is given by:
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If the pole-zero cancellation method is used and the closed
loop transfer function is assumed to a first order system
characterized by an imposed response time equal to 5%, the

expressions and the parameters of the PI torque controller can
be expressed by (35).
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C. Regulation of the rotor flux

The transfer function flux/current is given by:
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r

(36)
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If the pole-zero -cancellation method is wused, the
expressions and the parameters of the PI flux controller can be

expressed by (37) .
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IV. SIMULATION RESULTS AND DISCUSSION

The simulation in this work has been developed in
Matlab/Simulink environment.

In this study, we consider that the load is fed by the SEIG
through a rectifier, a buck converter and an inverter (fig.1).

A. Wind turbine and SEIG analysis

Fig. 3 presents the proposed wind profile; it covers a speed
range between 9 m/s and 12 m/s. The nominal wind turbine
speed is equal to 9 m/s.
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Fig. 3 Proposed wind profile

The pitch angle response is shown by fig. 4, it varies with
the wind in order to adapt the SEIG power to the load power,
it’s important here to indicate that the load is applied at t = 1s.
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Fig. 4 Pitch angle response
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Fig. 5 and fig. 6 give respectively the per-phase SEIG
voltage response and the SEIG electromagnetic torque
response. It’s shown that SEIG voltage takes a sinusoidal
shape and reaches the nominal value when the nominal load is
applied. The electromagnetic torque converges to the nominal
value at the nominal conditions.
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Fig. 6 SEIG electromagnetic torque response

B. Analyses of physical sizes relating to the diode rectifier
and the buck converter

The output diode rectifier voltage is given by fig.7. This
signal is filtered and will be adapted to the load by the buck
converter.
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Fig. 7 Per phase voltage response

The command of the buck converter is based on the DC
voltage required by the load. This value is computed as a
reference buck voltage term. Fig.8 and fig.9 give respectively
the input and the output buck converter voltages, the second
one (fig. 9) converges towards the required DC voltage
according to the first one.
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Fig. 9 Output buck converter voltage

C. Analyses of physical sizes relating to the induction motor
Initially, the induction motor is at stopped, at ¢t =1s, a

reference direct rotor flux and a reference electromagnetic
torque was applied to the motor.

The reference and estimated direct rotor fluxes are
respectively given by figure 10 and figure 11. It’s shown that
the estimated converges strictly to the reference one.

1

pu)

o
@

o
o

o
N

Reference direct flux (j
)
=

o

Time (s)
Fig. 10 Reference direct rotor flux

Related to fig. 11 (estimated direct rotor flux), figure 12
shows that the quadratic component rotor flux converges to
zero as an improvement that the rotor flux is oriented to the
direct axis. The reference electromagnetic torque (fig.13) as
well as the estimated electromagnetic torque (fig.14) converge
towards their target ones (rated values).
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Fig. 13 Reference electromagnetic torque
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Fig. 14 Estimated electromagnetic torque

V. CONCLUSION

The work here presented leads to the development of an
IRFOC drive scheme for an isolated wind turbine water
pumping system.

Wind turbine coupled to a Self excited induction generator
has been found suitable for remote area application and for
energy saving. A diode rectifier and an inverter are used to
adapt the supply conversion an order to perform the IRFOC
induction motor drive.

The buck converter provides a stepped-down voltage to the
load when DC bus voltage stepped-up in order to adapt the
required voltage load against wind variation.

Simulation results are presented highlighting the overall
proposed good performances of the system. These promising
results open the possibility for the reconstitution of the
proposed scheme to be set up for an on-line implementation.

TABLE I. SEIG-WIND TURBINE SYSTEM PARAMETERS

Nominal wind speed 9 m/s Rotor resistance Rr 3.59Q
Rotor Turbine Diameter | 4 m Stator inductance Ls | 0.0168 H
Nominal Voltage 220V Rotor inductance Lr | 0.0168 H
Nominal current IN 35A Magnetlsatlon 0.664 H
inductance Msr
Stator resistance Rs 6.29 Q | Pole pairs p 2
TABLE II. IM PARAMETERS
Stator resistance Rs 9.65 Q Magnetlsatlon 0.4475 H
inductance Msr
Rotor resistance Rr 4.305Q Pole pairs p 2
Stator inductance Ls | 0.4728 H Nominal current IN 35A
Rotor inductance Lr | 0.4718 H
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