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Abstract—Universal wind turbines are equipped with induction
generators. Induction generators are preferred because they are
low cost, rugged, and vrequire very little maintenance.
Unfortunately, self-excited induction generators (SEIG) require
controllable Capacitor VARs to magnetize the machines and
compensate the demagnetizing effect of loads. in this paper
describes the effects of capacitive VARs on the output power
quality of three-phase self excited induction generator. Capacitive
VARs are employed to achive the required output of self-excited
induction generator. The effect of capacitive VARs were analysis
using MATLAB/ SIMULINK.
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I. INTRODUCTION

It is referred to that the point when capacitors would parallel
join with those stator terminals for a induction machine,
driven by external source, voltage develops during its
terminals [1]. The induced emf and current in the stator
windings will keep on going on Ascent until steady state will
be attained, which will be impacted Toward those attractive
immersion of the machine. Toward this working point, the
voltage Also present will proceed with should sway at a
provided for top esteem and recurrence. With the end goal
self excitation to occur, to a specific capacitance value, there
may be a comparing least speed [2-4]. Self-excited induction
generators (SEIG’s) would great hopefuls for wind powered
electric era applications, particularly on remote areas, since
they don't need outer energy supply to prepare those
attractive field. Permanent magnet generators can also be
used for wind energy applications but they suffer from the
uncontrollable magnetic field, which decays over a period,
due to weakening of the magnets, and the generated voltage
tends to fall steeply with load. The self-excited induction
generator (SEIG) has a self-protection mechanism because
the voltage collapses when there is a short circuit at its
terminals. Further, the SEIGs have other advantages such as
low cost, reduced maintenance, rugged and simple
construction, brush-less rotor (squirrel cage) etc. In this
paper, we shall study the effects of variation in the value of
capacitor bank used for compensation, on the voltage profile
of SEIG. Efforts are made to find out the most suitable value

of capacitance for SEIG, supplying constant inductive load
and operating at constant wind speed. Power system toolbox
of MATLAB 7.8.4 / SIMULINK is used for simulation.

II. SYSTEM DESCRIPTION

The proposed system consists of a 230V, 50 Hz, 275-kVA,
induction generator, driven by wind turbine at a fixed
inductive load of 0.7pf lagging. A three-phase delta
connected capacitor bank parallel connected with to the
induction generator. The value of this capacitor bank can be
changed according to the voltage output and harmonics. The
speed of wind is kept constant, for this study, at 10 m/s. The
block of wind turbine uses a 2-D Lookup Table to Calculate
the turbine output torque = (Tm) as a speed function of wind
= (w_Wind) and turbine speed = (w_Turb). The Pm =
(w_Wind, w_Turb) characteristic gets automatically
loaded into the workspace = (psbwindgen char array),
when we open this setup. The turbine characteristic can be
displayed by double clicking the block located below the
Wind Turbine block.

System Schematic

Load
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Fig. 1 System Model

The asynchronous machine operates in generator mode
i.e. its speed is slightly above the synchronous speed.
According to turbine characteristics, for a 10 m/s wind speed,
the turbine output power is 0.75 p.u. (206 kW). Scope 1 is
used to record the p.u. values of terminal voltage and current
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of the induction generator and Scope-2 records the power at
the generator terminals, wind speed and the generator speed

IT1. SIMULATION RESULTS AND DISCUSSIONS

The above mentioned system is simulated in MATLAB,
using the SIMPOWER system tool box of SIMULINK, to
study the effects of variation in capacitive compensation
/VAR on the voltage profile. The SIMULINK model of the
system is shown in figure.1.The simulation time 30sec.
Machine parameters are given in section -5

Case —I: Capacitor Bank Value = 55 KVAR

Fig. 2.1.1 Induction generator terminal Voltage Vi, and

line current I},

Fig. 2.1.2 Power in kw, wind speed in m/s and induction
generator speed in p.u.

When we operate system at 230V, 5S0Hz with the value of
capacitor bank at the terminal of induction generator is 55
KVAr (fig.2.1.1)at the starting i.e. during the instant (1sec to
4 sec) the voltage drop to the value of 1.5p.u.after 5 sec.
voltage output is reduced to zero. Similar kinds of variations
are also recorded in the current. During the instant (1sec to 4
sec) the value of current 1.5p.u.after 5 sec. voltage output is
reduced to zero. The Power output is reduced to zero during
the large dip in the voltage (fig 2.1.2). The wind speed is
shown constant at 10m/s. the generator speed is reached up

to 1.9p.u.after variation from 1.7p.u.at 10 sec. and 1.8p.u.at
15 sec.

Case —II Capacitor Bank Value 7SKVAR

Fig. 2.2.1 Induction generator terminal Voltage Vi, and line
current Iy

Fig.2.2.2 Power in kw, wind speed in m/s and induction
generator speed in p.u.

When we operate system at 230V, 5S0Hz with the value of
capacitor bank at the terminal of induction generator is 75
KVAr (fig.2.2.1)at the starting i.e. during the instant (1sec to
7 sec) the voltage drop to the value of 1.5p.u.after 8 sec.
voltage output is reduced to zero.

Similar kinds of variations are also recorded in the current.
during the instant (1sec to 7 sec) the current drop to the value
of 1.5p.u.after 8 sec. voltage output is reduced to zero.

The Power output is reduced to zero during the large dip in
the voltage (fig2.2.2). The wind speed is shown constant at
10m/s. the generator speed is reached up to 1.9p.u. after
variation from 1.7p.u. at 10 sec. and 1.8p.u. at 15 sec.

Case-III Capacitor Bank Value = 95KVAR
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Fig.2.3.1 Induction generator terminal Voltage V|, and line
current Iy

Fig.2.4.1 Induction generator terminal Voltage V|, and line
current I

Fig. 2.3.2Power in kw, wind speed in m/s and induction
generator speed in p.u.

Large variation in the voltage profile are recorded when the
value of capacitor bank at the terminal of induction generator
is 95KVAr (fig.2.3.1) at the starting i.e. during the instant
(2sec to 9 sec) the voltage drop to very low value of 1.5p.u.
after 10sec. the voltage started increasing and reached up to
1.8 p.u. momentarily then after going a low value of 1p.u. it
finally settles to 1.3 p.u. similar kinds of variations are also
recorded in the current. During the instant (2sec to 9 sec) the
current reaches to very low value of 1.5p.u. After 10sec. the
current started increasing and reached up tol.8 p.u.
momentarily then after going a low value of 1p.u. it finally
settles to1.3 p.u. The Power output is reduced to zero during
the large dip in the voltage (fig2.3.2). Power reaches its
maximum value at the instant t=17sec. reduces to a value as
low as 550kw and then finally settles to 298kw. The wind
speed is shown constant at 10m/s. the generator speed is
reached up to 1.6p.u.after variation froml1.8 p.u. at 13 sec.
and 1.6p.u.at 17 sec.

Case-1V Capacitor Bank Value =115 KVAR

Fig.2.4.2 Power in kw, wind speed in m/s and induction
generator speed in p.u.

When the value of capacitor bank is changed to 115 KVAr
the improvement in the voltage profile is seen. during the
instant (2sec to 9 sec) the voltage drop to very low value of
1.5p.u. after 10sec. the voltage started increasing and reached
up to 2.2 p.u. momentarily then after going a low value of
1.7p.u. it finally settles to 1.5 p.u. Similar kinds of variations
are also recorded in the current. During the instant (2sec to 9
sec) the current reach to very low value of 1.5p.u. after
10sec. the current started increasing and reached up to 2.2
p-u. momentarily then after going a low value of 1.7p.u. it
finally settles to 1.5 p.u. the duration of dip in the voltage
and magnitude is reduced and becomes stable at value nearly
1.5 p.u. at a faster rate(fig 2.4.1).Variations in the output
power are shown in the figure 2.4.2. A variation is from
190kw to 750kw and becomes steady at 380kw. The wind
speed is constant at 10m/s. the generator speed variations are
also reduced.
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IV. CONCULATION

The practical attempted to investigate the effects of three-
phase capacitor bank/reactive power source, on the
performance of SEIG’s under general inductive-resistive
load. Simulation results, as observed, indicate the importance
of such practice. For the specific machine (used for
simulation), reactive power source with 95 KVAR gives
smooth voltage

profile and satisfactory operating results. This emphasizes
the need of appropriate technique to select the optimum
rating of capacitor bank and the in turn improvement in the
performance of the machine.

V. SYSTEM PERAMATERS

5.1. a Three Phase Induction Generator

1. Rotor type Squirrel cage
2. Reference frame Rotor

3. Nominal Power 275KVA

4. Voltage (line to line) 230V

5. Frequency 50Hz

6. Stator resistance (pu) 0.016

7. Stator Inductance (pu) 0.06

8. Rotor resistance (pu) 0.015

9. Rotor Inductance (pu) 0.06

10. Mutual Inductance (pu) 3.5

11. Inertial constant 2

12. Fraction factor 0

13. Pair of poles 2

5.1. b Three phase load

1. Nominal Power 200KW

2. Voltage (line to line) 230V

3. Frequency 50Hz

4. Configuration Y grounded

5.1. ¢ Power factor correction capacitor

1. Pf correction capacitor casel 55 KVAr
2. Pf correction capacitor case2 75 KVAr
3. Pf correction capacitor case3 95 KVAr

4. Pf correction capacitor case4 115 KVAr
5. Configuration Delta
6. Nominal Voltage 230V
7. Frequency 50Hz

51.d
Scope 1:

1.1 The Induction generator terminal voltage Vi was
recorded 1.2 The Induction generator terminal current I
was recorded

Scope 2:

2.1 The Induction Generator Power in KW was recorded
2.2 The wind speed in m/s was recorded

2.3 The generator speed in pu was recorded
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