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Abstract: Self-excited induction generators (SEIG) are mostly exploited in isolated areas
to generate electrical energy. However, an isolated induction generator should have a
control system that keeps the DC bus voltage at a constant value when the speed of the
rotor and load are varied. The control scheme has been presented to maintain the DC
bus voltage constant to operate dc motor loaded with a centrifugal pump at its rated
voltage under variable wind speed. It also shows the behavior of the pumping systems.
The computer simulations are provided to verify the validity of the proposed control
algorithm.
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1. Introduction

Wind is a clean source of renewable energy that produces no air or water pollution. And
besides this wind is free. This has spurred researchers attentions for renewable energy. The
SEIG has become very popular for generating power from renewable energy sources, such as
wind and small hydro. The utility of SEIG as standalone machine has started gaining
importance when power engineers encountered difficult situations for installation of
transmission and distribution lines in the remote areas due to difficult geographical conditions
[4]. Moreover, it has distinct advantages like simplicity, low cost, ruggedness, little
maintenance, absence of DC, brushless etc., as compared to the conventional synchronous
generator.

However, its major disadvantage is the inability to control the voltage and frequency under
change in load and speed in stand-alone system. [2]. To get around this problem, many
researchers have proposed numerous control algorithms [4-5-6-8-12-13].0ur proposed
algorithm is based for keep the DC voltage of SIEG at constant level to provide the desired
voltage and current required by the dc motor loaded with a centrifugal pump used in isolated
areas under variable wind speed. Detailed Matlab/Simulink-based simulation studies are
carried out to demonstrate the effectiveness of the scheme.

2. Description of the system
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Figure 1. Block diagram of the proposed system.
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The self-excited induction generator using three phase AC capacitors can start its voltage
buildup from a remnant magnetic flux in the core. This voltage buildup starts when the
induction generator is driven at a given speed and an appropriate capacitance connected at its
terminals. We introduce the voltage oriented control in order to operate dc motor loaded with a
centrifugal pump at its rated voltage of 120 V under variable wind speed. Since this paper
focuses on modeling and behavior of the electrical part of the system, the turbine is not taken
into account. Rotor speed is taken as an independent and variable input into the model.

3. System Modeling

The following sections present the modeling of all subsystems of the wind pumping
system. The main components are SIEG, PWM rectifier and DC motor loaded with a
centrifugal pump as shown in Figure 1

A. Modeling of the SEIG
The equivalent circuit of self-excited induction generator is show in Figue 2[1]:
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Figure 2. d-q model of SEIG at no load

Including initial conditions, i.e. initial voltage in the capacitors and remnant magnetic flux
in the core, one can obtain the following differential equation [1]:
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Where L= L, Ly — L2,
The excitation system model:

Vo =1/c J' igs — icq dt 2)

V. =1/c j iy — icd dt 3)

B. Modeling of dc motor
The modeling of DC motor and its load are represented by the following equations with
constant coefficients [5]:

Va=Rala + L, 52+ Kw @)
Kla=A1+Bw+]aE+TL )

The load torque here is the mechanical torque of the pump which is a nonlinear function of the
motor speed:

18
T, = A +& W (6)
B. Modeling of the control scheme
The topology of the voltage source AC/DC converter connected to the self excited
induction generator is presented in Figure 3 [3]. The following equations describe the dynamic

model of the PWM rectifier in natural (A, B, C) coordinates. Sa, Sb and Sc represent states
[1,0] of power switches in respective converter legs.
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Figure 3. Voltage source AC/DC line-side converter.

S22 [V,— Rf. ia-gvdc(zs —Sp—So)] (7)
di

SR =Z [V — Rf.ip- 3 Vae(2Sy — Sc = Sa)] ®)
dic 1

= [Ve— Rf.ic- ;vdc(zsc— a—sb)] ©)

By considering a DC motor connected to the dc link and assuming the inverter as an ideal
current source that transfers energy between the dc-link and the induction generator, the dc-link
can be represented by the following equation:

d

1 . . . .
a dc E(Sala + Sblb + Sclc - lload) (10)

Where C is the dc-link capacitance and 1,54 is the load current. The Hysteresis current
control is based on feedback loops with hysteresis comparators, which directly produce the
switching signals for the converter power devices when the error between the reference and the
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actual value exceeds an assigned tolerance band. The error between the reference and actual
capacitor voltages is processed by the PI controller.

4. Simulation results and discussion

MATLAB/Simulink® modelling is used to observe the proposed control. The residual
magnetism in the machine is taken into account in simulation process without which it is not
possible for the generator to self excite. The relationship between magnetizing inductance (Lm)
and phase voltage for induction machine was obtained experimentally taken from reference[1]:

1.56e-11. v*+2.44e-8. v3-1.19¢e-5. v2+1.42e-3. v +0.245
The dc motor loaded with a centrifugal pump is connected at t=3 sec and the variation of

rotor speed is between 1700rpm , 1500rpm, 1800rpm ,and 1600 rpm respectively at Os, 8s, 12s
and 16s as shown in Figure 4.
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Figure 5. Terminal stator voltage (ia) of the sieg
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generated-current

Figure 6. Stator line current (ia) of the sieg

It is observed that any variation in rotor speed of the SEIG or application of pumping
system is directly indicated by the variation in the terminal stator voltage and current of the
generator as shown in Figure 5 and Figure 6.
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Figure 7 shows the simulation results of the control constant DC voltage technique.
The DC motor loaded with a centrifugal pump. suddenly is applied at t=3s A large peaks in the
DC bus voltage is observed, but it recovers quickly due to the corrective action of the PI
controller it is observed too that the value of the DC bus voltage is maintained at a constant
value even if the rotor speed changes.

In order to provide the effectiveness of our proposed control Fig 8, Fig 9, Fig 10 shows
the behavior of transient and steady-state operation of dc-current, dc motor speed, and pumping
torque, during step change in wind speed.
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Figure 10. Pumping torque (N.m)

As already shown the pumping system applied at time 3 sec and from these figures, it is
observed that the behavior of the pump system operates at its nominal state despite change of
wind speed. As show in Figure 8, Figure 9, and Figure 10.

Conclusion

The objective of this work is to contribute to the development of control and the application
of self excited induction generator used in isolated areas. Since this study is focused on the
modeling and simulation of wind pumping systems controlled by the voltage oriented control
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under variable rotor speed. The voltage regulation of SEIG remains within the tolerable limits,
thus enhancing the capability of machine to supply pumping system in its nominal operating.

Appendix

The data of the SIEG are indicated as follows:
3.6kW, Voltage =415V, F=50Hz
P =4 poles; Rs = 1.66Q; Is = 11.4 mH; Rr = 2.74Q; Ir = 11.4mH; Lm= 0.18H; C=3000e-6 F;
Rf=25Q; Lf=3e-3 H

The data of the DC Motor & Pumps are as follows:
Va=120 volt, [a=9.2 A; w= 1500 rpm ; Ja = 0.02365 Kg.m2; Ra=1.5Q; La=0.2 H,
K=0.67609 Nm.A-1; A1 = 0.2 Nm; A2 = 0.3 Nm; B =0.002387 Nm.s.rad-1
§=0.00059 Nm.s.rad-1.

Nomenclature
R: Stator Resistance
R;: Rotor Resistance
ls: Stator leakage Inductance
1.: Rotor leakage Inductance
L,: Mutual inductance
Veds Veq,: are the direct and quadrature axes stator.
igs » igs» Iar » iqr: are the direct and quadrature axes stator and rotor current
C: dc-link capacitance
c: ac capacitance
icd, icq: are inverter currents in d-q axis.
Rp, Lg: resistance and inductance of the AC side filter of the PWM converter
P: Number of poles.
Kd, Kq: are constants which represent the initial induced voltages along the d-axis and g-
axis respectively due to remnant magnetic flux in the core.
K: Torque & back emf constant
Al: Motor friction
B: damping
€ Load torque constant

Reference

[1] Seyoum D., Grantham C. and Rahman F, “Analysis of an Isolated Self-Excited Induction
Generator Driven by Variable Speed Prime Mover”, Proc. AUPEC 01, 2001, pp. 49-54.

[2] Debta, Birendra Kumar and Mohanty, K.B., “Analysis on the effect of dynamic mutual
inductance in voltage build up of a stand-alone brushless asynchronous generator”, Proc.
of National Power Electronics Conference, IIT Roorkee, June 2010,

[3] Michat Knapczy, krzysztof Pienkowski “Analysis of pulse width modulation techniques
for AC/DC line-side converters”, Prace Naukowe Instytutu Maszyn, Napedow i
Pomiarow Elektrycznych Politechniki Wroctawskiej, 2006

[4] Raja Singh Khela, K. S. Sandhu ”ANN Model for Estimation of Capacitance
Requirements to maintain Constant Air-Gap Voltage of Self-Excited Induction Generator
with Variable Load’’, IJCST Vol. 2, Iss ue 4, Oct. - Dec. 2011

[5] Ahmed Hussein, Kotaro Hirasawa, Jinglu Hu, “Online Identification And Control of A
PV- Supplied DC Motor Using Universal Learning Networks”, ESANN 2003
proceedings - European Symposium on Artificial Neural Networks Bruges (Belgium),
23-25 April 2003, d-side publi., ISBN 2-930307-03-X, pp. 173-178.

[6] K. Premalatha, S. Sudha, “Self-Excitation and Voltage Control of an Induction Generator
in an Independent Wind Energy Conversion System”, International Journal of Modern
Engineering Research (IJMER) Vol.2, Issue.2, Mar-Apr 2012 pp. 454-461.

170



Mohamed Barara, et al.

[71 M. L. Elhafyani, S. Zouggar, Y. Zidani and M. Benkaddour, “Permanent and Dynamic
Behaviours of Selfexcited Induction Generator in Balanced Mode”, M. J. Condensed
Mater, Vol. 7, pp. 49 - 53, 2006.

[8] Ahmed, T.; Nishida, K.; Nakaoka, M.; Tanaka “Advanced Control of a Boost ACDC
PWM Rectifier for Variable-Speed Induction Generator”, K. Applied Power Electronics
Conference and Exposition, 2006. APEC '06. Twenty First Annual IEEE 956-962 March
19, 2006.

[9] K. Idjdarene, “Controle d’une génératrice asynchrone a cage dédiée a la conversion de
I’énergie éolienne’’, JCGE '08 LYON, 16 et 17 décembre 2008.

[10] Mohammed Ali Elgendy, Bashar Zahawi “Comparison of Directly Connected and
Constant Voltage Controlled Photovoltaic Pumping Systems’’, /EEE Transactions on
Sustainable Energy, Vol. 1, No. 3, October 2010.

[11] Luc Moreau., modélisation, conception et commande de génératrices a reluctance variable
basse vitesse, PhD Thesis, Université de Nantes France, 2005.

[12] Miranda, M.S.; Lyra, R.0.C.; Silva, S.R. "An alternative isolated wind electric pumping
system using induction machines", Energy Conversion, IEEE Transactions on, On
page(s): 1611 - 1616 Volume: 14, Issue: 4, Dec 1999

[13] Karim H. Youssef, Manal A. Wahba, Hasan A. Yousef and Omar. A. Sebakhy “A New
Method for Voltage and Frequency Control of Stand-Alone Self-Excited Induction
Generator Using PWM Converter with Variable DC link Voltage”, 2008 American
Control Conference Westin Seattle Hotel, Seattle, Washington, USA June 11-13, 2008

[14] Seyoum, M. F. Rahman C. Grantham , “Terminal voltage control of a wind turbine driven
isolated induction generator using stator oriented field control,” Proc. IEEE APEC’03,
Miami Beach, FL, USA, February 2003, vol. 2, pp. 846—852

Mohamed Barara was born in Fez, Morocco in 1986 he is received master
degree in industrial automated systems engineering from college of sciences
Fez, Morocco in july 2011, currently he is Ph.D. student from Mohammadia
School of Engineering, his researcher interested include, advanced control of
wind turbine system, power electronic ,and renewable energy.

Ahmed Abbou received the “Agrégation Génie Electrique” from Ecole
Normale Supérieur de I’Enseignement Technique ENSET Rabat in 2000. He
received the “Diplome des Etudes Supérieurs Approfondies” in industrial
electronics from Ecole mohammadia d’ingénieurs Rabat in 2005. He
received with Honors the Ph.D. degree in industrial electronics and electrical
= [ machines, from ecole Mohammadia d’ingénieurs Rabat in 2009. Since 2010
he has been a Professor of power Electronic and Electric drives at the
Mohammadia School’s of engineers, Rabat, Morocco. He has presented
papers at national and international conference on the Electrical machine, Power Electronic and
electric drives. His current area of interest is related to the innovative control strategies for Ac
machine Drives, renewable energy.

.
P

171



Modeling and Control Voltage of Wind Pumping Systems using a Self Excited Induction Generator

Mohammed Akherraz Graduated from the Ecole Mohammadia d’ingénieurs
Rabat morocco in 1980. In 1983 he was graduated a Fulbrighr scholarship to
pursue his post-graduate studies. He earned the Ph.D. degree in 1987 rom
UW, seattle. He joined the EE department Of the Ecole Mohammadia
d’ingénieurs, Rabat Moroco, where he‘s presently a professor of power
electronics and Electric drives. He published numerous papers in international
journal and conferences. His areas of interests are: power electronics, Electric
drives, Computer Modeling of power Electrinics circuit, systems drives.

Taibi Djamel born in 1977, University Professor at Kasdi merbah university,
Ouargla, Algeria is currently a PhD candidate at modeling of energy systems
Laboratory (LMSE), Biskra University, Algeria. He received his bachelor
degree in electrical engineering from Biskra University, Algeria in 2001 and
MS degree in control of electrical machines from Batna University, Algeria,
in 2005. His research interests are modelling, design and control of the
electrical machines.

Abderrahim Bennassar was born in Casablanca, Morocco in 1987. He
received Master degree in treatment of information from Hassan 2
‘ University, Casablanca in 2011. Currently, he is pursuing Ph.D. degree at
i Mohammadia School of Engineering, Rabat. His researcher interests include
the control strategies for AC Drives, especially Induction Motor Drives and

\-/ Sensorless Control.
4‘;

172



