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ABSTRACT

This paper presents the analysis of a wind driven Self-
excited induction generator [SEIG] is connected to the
resistive load. The power flow analysis is carried out
for different wind velocities. The proposed scheme for
regulating the flow of power through rectifier ensures
reduced reactive power burden on the self excitation
capacitor bank. The induction generator wind turbine
and the AC- DC converters are modeled using MAT
LAB.
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1. INTRODUCTION

Wind electric power systems are recently gaining
importance as they are cost competitive,
environmentally clean and safe when compared to
fossil fuel and nuclear power generation. Wind energy
is one of the most important and promising sources of
renewable energy all over the world. It has very large
potential. Isolated wind energy conversion systems
called as stand-alone systems are increasingly used in
supplying power to remote areas. In these systems,
self-excited induction generator are mainly used as
they have some inherent advantages over
conventional alternators in the aspect of reduced size,
no DC supply for excitation, less maintenance cost,
and better transient performance. When an induction
machine is driven by a prime mover, the residual
magnetism in the rotor produces a small voltage that

causes a capacitive current to flow. The performance
of a wind driven Self-Excited Induction Generator
(SEIG) has been reported.

II. SYSTEM CONFIGURATION

The proposed scheme consists of a self-excited
induction generator driven by a wind turbine and
diode bridge rectifier to resistive load as shown in
figure 1. The mathematical modeling of each
component of the wind energy conversion system
presented. The value of the capacitance is chosen to
study the power quality effect in the three phase
induction generator keeping the terminal voltage
constant regardless of the power output. The
minimum capacitance required for self excitation is
calculated from the per phase equivalent circuit of
induction motor through nodal analysis method. The
horizontal axis wind turbine acts as a prime mover to
drive the self-excited induction generator. The wind
turbine is coupled to the generator shaft through a
step-up gearbox so that the generator runs at a higher
rotational speed in spite of the low speed of the wind
turbine.

@ IJTSRD | Available Online @ www.ijtsrd.com | Volume —2 | Issue —3 | Mar-Apr 2018

Page: 1622




International Journal of Trend in Scientific Research and Development (IJTSRD) ISSN: 2456-6470

SEIG
Wind a1
— L _-Resistive
) Load
Prime
- Uncontrolled
Mover TT -|' s
Rectifier

C'ap—acircr Bank

Fig.1.Block diagram of a Wind Energy Conversion
System

A. Wind Turbine Model

Most of the wind turbine generators use horizontal
axis wind turbine due to the advantages of easy in
design and cheaper in cost for higher power ratings.
The horizontal axis wind turbine acts as a prime
mover to drive the self-excited induction generator is
shown Fig.1 .The wind turbine is coupled to the
generator shaft through a step-up gearbox. so that the
generator runs at a higher rotational speed in spite of
the low speed of the wind turbine. The wind turbine
rotor consists of a hub, blades and blade extenders to
increase the rotor diameter. The amount of power
capable of being produced by a wind turbine (PT) is

dependent on the power co-efficient (Cp) for the given
turbine operating conditions and is given by Eqn. 2.1.

. 3
Pr =0.5p4C,,(DF - (2.1)

The tip speed ratio is defined as the ratio of the linear

speed of the tip of blades to the rotational speed of
wind turbine[2] and is given by Eqn. 2.2.

, o 1 R (D

V
The average torque Tm at the generator shaft is
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The torque developed by the wind turbine may be
expressed as

The Wind turbine flow chart is shown in Fig.2. The
proposed wind turbine simulation block has been
developedusing the Eqn. 2.1 — 2.3. The simulated
results are in Fig 5. Based on the theory of fluid
mechanics, it can be shown that CP reaches the
maximum value of 0.593, referred as the Betz limit.
This limit defines the maximum energy that can be
extracted from wind. The variation of wind turbine
output power with rotational speed is presented in
figure 3 for different wind velocities.
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Fig.2. Flow chart of Wind Turbine

B. Self-Excitation Induction Generator Model

The d-q axis model of an induction machine has been
widely used; the model is usually adapted to analyze
the machine performance under three phase balanced
conditions. If the system is studied under an
unbalanced three phase operating condition, the
results obtained from the d-q axis induction machine
model will become very complicated, since a zero
axis quantity corresponding to a zero sequence
component will be generated.

The self-excited induction generator is essentially an
induction machine driven by a prime mover with
capacitor connected at the stator terminals as shown in
Fig.1. the following assumptions are made in the
simulation analysis

» All parameters of the machine can be considered
as constant except the magnetizing reactance Xm.

» The leakage inductances of stator and rotor are
taken to be equal.
» Core loss in the excitation branch is neglected.
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The loop equations for the d-axis and q-axis
equivalent circuits are

di di ..
s qs qr "
2 +L, =V, 0, (2.4
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The dynamics of the self-excited induction generator
can be represented by the following electromechanical
equations derived in the synchronously rotating g-d
reference frame.

C. Uncontrolled Bridge Rectifier

In three-phase diode bridge rectifier is converts
alternating current into direct current. The output DC
voltage (VDC) of this rectifier can be expressed in

terms of the generator’s phase voltage (VT) and then

transformation ratio () as

W3, A2

Voe = (*) (7) *r

Assuming that the bridge rectifier is ideal, the power
on the A.C side will equal the D.C power on the D.C
sides, this yield

3VieIl, = Ve Ipe

Substitute the Eqn.(2.15) in (2.14) given

Ta
— 7IL
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II1. SIMULATION MODEL OF THE SEIG:

The loop equations 2.4 — 2.7 of d-axis and g-axis
equivalent circuit have to be developing the
simulation model of SEIG. The SEIG characteristic
equations are treated as a function, which might be
written as MAT Lab. The simulation model of SEIG
is shown in Fig.3. The simulated results are shown in
Fig. 4.
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Fig. 3. Simulink Model of SEIG

IV.RESULTS AND DISCUSSION
The simulated and experimental results of a Self-
excited induction generator have been analyzed.

A.Simulated Waveforms of Wind Turbine
Characteristics

The parameters of the 3.7 k.w wind turbine are given
in appendix. The wind turbine is simulated in MatLab
/ Simulink. The variation of wind turbine torque and
power with rotational speed is presented in Fig. 4 for

different wind velocities.

B. Simulation Results of the SEIG with out
Rectifier:

The proposed system configuration simulated results
are shown in Fig 5 to 7. The performance of the SEIG
such as torque, speed, voltage and generated current
for step changes in load for a generator speed of 1520
rpm with rated capacitance 40uF at the stator
terminals. Self-Excitation process is initiated at t=0s
without any load at the stator terminals. As the load
on the generator increases, the stator voltage
decreases with increases in the stator current.
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Fig.4. Wind Turbine Characteristics
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Fig.5.Generated Torque Vs Time characteristics of
SEIG

Fig.6. Speed Vs Time characteristics of SEIG

As the load on the generator increases, the stator
voltage decreases with an increase in the stator
current. At t= 35 secs, the capacitance is increased to
40uf to compensate for the voltage drop. The voltage
rises to its no load value. All current, torque and
output power increase. At t= 50 secs, the capacitance
is decreased to 9uf. The generated voltage is
decreased.

Fig.7. Generated Voltage Vs Characteristics of
SEIG

V.CONCLUSION

A detailed performance analysis of a stand-alone wind
energy conversion system fed resistive load has been
studied. The SEIG output voltage is converted in to
DC voltage by using un-controlled Diode bridge
rectifier. This output voltage is controlled by the R
load. It is observed that the generated voltage and
frequency vary with wind velocity, capacitance and

load. The simulation results have a good agreement
with experimental result.
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