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Abstract: Wind energy is one of the most important and promising sources of renewable energy all over the world.
Throughout the globe, in the last, three- or four-decades generation of electricity from wind energy has created a wide
interest. At the same time, there has been a rapid development of wind energy-related technology. The control and
estimation of wind energy conversion systems constitute a vast subject and are more complex than those of dc drives.
Induction generators are widely preferable in wind farms because of their brushless construction, robustness, low
maintenance requirements, and self-protection against short circuits. Low cost, robustness, and ease of maintenance are
attractive features of induction generators. With wind turbine and micro/mini-hydro generators as an alternative energy
source, the induction generators are being considered as an alternative choice to well-developed synchronous generators
because of their simplicity, ruggedness, little maintenance, price, brushless (in squirrel cage construction), absence of
separate dc source, self-protection against severe overloads and short circuits. In isolated systems, squirrel cage
induction generators with capacitor excitation, known as self-excited induction generators (SEIGS), are very popular.
This paper presents a review of literature related to the present status of research work on self-excited induction
generators (SEIG), their terminal voltage control strategies, and over the past years discussing the classification of
induction generators, steady-state and transient analysis, voltage control aspects, and parallel operation of SEIG.

l. INTRODUCTION

Renewable energy is generally defined as energy that is collected from resources that are naturally replenished on a
human timescale, such as sunlight, wind, rain, tides, waves, and geothermal heat. One major advantage with the use of
renewable energy is that as it is renewable it is therefore sustainable and so will never run out. Renewable energy
facilities generally require less maintenance than traditional generators. Their fuel being derived from natural and
available resources reduces the costs of operation. Even more importantly, renewable energy produces little or no waste
products such as carbon dioxide or other chemical pollutants, so has minimal impact on the environment. Renewable
energy projects can also bring economic benefits to many regional areas, as most projects are located away from large
urban centres and suburban’s of the capital cities. These economic benefits may be from the increased use of local
services as well as tourism.

Solar Energy-Photovoltaic Systems, Wind Energy, Geothermal Energy, Bio-energy, Hydropower, Ocean Energy,
Hydrogen & Fuel Cells are the different types of renewable energy sources. Out of all available sources, wind energy is
utilized more. Compared to other forms of renewable energy, wind power is considered very reliable and steady, as
wind is consistent from year to year and does not diminish during peak hours of demand. Initially, the construction of
wind farms was a costly venture. But thanks to recent improvements, wind power has begun to set peak prices in
wholesale energy markets worldwide and cut into the revenues and profits of the fossil fuel industry [1].

To convert wind energy to electrical energy we require a conversion device or a machine. A machine that can convert
mechanical energy to electrical energy can be used as a conversion device in wind energy systems. Permanent magnet
systems or induction generators can be used in wind to electrical generation. But the high cost of permanent magnets
makes permanent magnet machines excess cost and so induction generators have a cutting edge over permanent magnet
machines. In wind systems, Induction generators (IG) can be of two types-singly excited induction generators (SEIG)
and doubly-fed induction generators (DFIG) [2]. DFIG consists of two back-to-back converters and makes the system
costlier. So SEIG is preferred more in wind conversion systems.

SEIG coupled directly to the grid has been successfully used in wind turbines for decades. Particularly in combination
with the stall-controlled three-bladed wind rotors, they initially represented by far the most commonly used electrical
concept. But the absorption of reactive power for its operation, SEIG needs reactive power compensation [3]. This is
the main disadvantage while using induction generators.
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In this research, the modeling of SEIG will be done along with the reactive power compensation. The properties of
SEIG will be studied when the SEIG is integrated to the grid. The loads are of two types-linear and non-linear. There is
no problem in having linear loads in the system but with the presence of non-linear loads, the system power quality
reduces along with the introduction of harmonics. Thus, the presence of non-linear loads requires compensation at PCC.
Power quality is delivering uninterrupted power supply to the customers maintain power factor, voltage, and frequency
within nominal values. FACTS controllers are found to be a good choice for power quality improvement. The concept
of FACTS (Flexible Alternating Current Transmission System) [4-5] refers to a family of power electronics-
based devices able to enhance AC system controllability and stability and to increase power transfer capability. The
installation of FACTS devices (with serial or parallel connections) in a wind farm substation or in the terminals of wind
turbines is increasing rapidly owing mainly to the specifications listed in the Transmission System Operators’ (TSO)
grid codes which require those wind turbines should provide ancillary services similar to those of conventional
synchronous generators.

The self-excitation phenomenon of an induction machine is still under considerable attention although it is known for
more than a half-century [13]-[23]. The self-excited induction generator (SEIG) has attracted considerable attention due
to its applicability as a stand-alone generator using different conventional and non-conventional energy resources with
its advantages over the conventional synchronous generator. When a standalone induction machine is driven by a
mechanical prime mover, the residual magnetism in the rotor of the machine induces an EMF in the stator windings at a
frequency proportional to the rotor speed. This EMF is applied to the capacitors connected to the stator terminals and
causes reactive current to flow in the stator windings. Hence a magnetizing flux in the machine is established. The final
value of the stator voltage is limited by the magnetic saturation within the machine. The induction machine is then
capable of operating as a generator in isolated locations without a grid supply. From the circle diagram of the induction
machine in the negative slip region, it is seen that the machine draws a current, which lags the voltage by more than 90.
This means that real power flows out of the machine but the machine needs reactive power. To build up a voltage
across the generator terminals, excitations must be provided by some means; therefore, the induction generator can
work in two modes (i.e., grid-connected and isolated mode). In the case of a grid-connected mode, the grid-connected
induction generator (GCIG) takes its excitation from the lines and generates real power via slip control when driven
above the synchronous speed. The operation is relatively simple as voltage and frequency are governed by the grid
voltage and grid frequency respectively. In the case of isolated mode, the induction generator draws reactive power by
connecting a capacitor bank across the generator terminals [24]. For an isolated mode, there must be a suitable capacitor
bank connected across the generator terminals. This phenomenon is known as capacitor self-excitation and the
induction generator is called a “SEIG.” The process of voltage build up in an induction generator is very much similar
to that of a dc generator. When the rotor of the induction generator is run, the residual magnetism present in rotor iron
creates a small emf across stator terminals. This voltage causes a capacitor current to flow. The flux due to current is
added with residual flux and generates a stator terminal voltage. This voltage produces a current in the capacitor bank
which then generates voltage. This cumulative process continues till the intersection point between the saturated
magnetization curve and capacitor load line. The intersection point gives no load generated e.m.f.at the magnetizing
current. The voltage build process depends upon the capacitor value. The higher the value of capacitance, the greater is
the voltage build-up. In the absence of a proper value of residual magnetism, the voltage will not build up. So it is
desirable to maintain a high level of residual magnetism, as it does ease the process of machine excitation. The
operating conditions resulting in demagnetization of the rotor (e.g., total collapse of voltage under resistive loads, the
rapid collapse of voltage due to short circuit, etc. should be avoided).

1. MATHEMATICAL ANALYSIS AND MODELING OF SEIG SYSTEM

SEIG system consists of a squirrel cage induction motor, prime mover, excitation capacitor, and three-phase load. The
layout diagram of SEIG system is shown in fig.2.1. The primary requirement for the induction machine to work as an
induction generator is the excitation current to produce a rotating magnetic field. For a grid-connected machine, it takes
reactive current from the grid whereas for a standalone machine reactive power is supplied locally by the help of a shunt
and a series of passive elements.

Modeling of Self-Excited Induction Generator In electrical machine analysis, a three-axis to two axes transformation is
applied to produce simpler expressions that make complex systems simple to analyze and solutions easy to find. The
three axes are representing the real three-phase supply system. However, the two axes are fictitious axes representing
two fictitious phases, displaced by 900, to each other. Here the assumption taken is that the three-axes and the two-axes
are in a stationary reference frame.
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Figl. SEIG with a capacitor excitation system driven by a wind turbine.

Modeling of Self-Excited Induction Generator In electrical machine analysis, a three-axis to two axes transformation is
applied to produce simpler expressions that make complex systems simple to analyze and solutions easy to find. The
three axes are representing the real three-phase supply system. However, the two axes are fictitious axes representing
two fictitious phases, displaced by 900, to each other. Here the assumption taken is that the three-axes and the two-axes
are in a stationary reference frame. It can be rephrased as a transformation between abc and stationary dg0 axes. The
conventional per-phase equivalent circuit representation of an induction machine is convenient to use for steady-state
analysis. However, the d-g representation is used to model the SEIG under dynamic conditions. The d-q representation
of a SEIG with capacitors connected at the terminals of the stator windings and without any electrical input from the
rotor side is shown in Fig. 2.2. Fig. 2.3 represents the stationary stator reference frame model in direct and quadrature
axes separately.

Fig2. D-Q representation of self-excited induction generator

S B il L, R Ol

Fig3. Circuit model of SEIG in dq stationary reference frame (a) g-axis circuit (b) d-axis circuit
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The capacitor voltages in Fig. 2.3 can be represented as

1
v =—|i dt+v
cq CJ. qs cq0 _“(1)
1.
v, = c I dt+v.4, )
Where vq0=0, at t=0 and vcq0 =0, at t=0 are the initial voltage along with the g-axis and d-axis capacitors, respectively.
The rotor flux linkage is given by

/’tqr = Lmiqs + Ll’iqf + Z’qu

---(3)
ﬁ"dr = Lmids + Lridr + Adr() (4)
Where
L =L +L L =L +L _ _ _ _
s=by+L, and L =1L, ™ -(5) Ao =4, 2t t=0,and 4, =14, at t=0 are the permanent or residual rotor

flux linkages along the g-axis and d-axis, respectively.
Let wr is the electrical angular speed of the rotor, the rotational voltage in the rotor circuit along the g-axis is given by
wr}"qr = a)/' (Lm iqs + L/'l'qi“ )+ w}" KdrO ___(6)

a)rﬂ“dr = a)r (Lnlids + Lrl'a’r)-'_ a)qurO (7)
Similarly the rotational voltage in the d axis of the rotor circuit is

wr/ldr = a)r (Lmids +Lridr) + erqr()

~(8)
~(9)

Where Ko =04 anqurO =@, Ay represent the initial d-axis and g-axis induced voltages respectively. The

r ¥ qro

constant Ka039K 0 are due to the remnant or residual magnetic flux in the core. or is the equivalent electrical rotor
speed in radians per second. That is,

Electrical speed = number of pole pairs x mechanical speed.

The matrix equation for the d-q model of a self-excited induction generator, in the stationary stator reference frame,

using equations (2.1-2.8) is given as:

a)rﬂ‘qr = a)r (Lmiqs +L i ) + a)rKdI'O

roqr

R +pL, *,%)c 0 oL, 0 [i,] [ v ][0
| I/ il | v |10
0 R+pL + /o 0 L, aly J :
oL, ~ol, R+pl, -ol, ||| Ken| |0
[ ol PL, al, R+pl, il [Ka 110 ---(10)

2]z ]+ )=[0] gy

Magnetizing inductance
The SEIG operates in the saturation region and its magnetizing characteristic is non-linear in nature. The magnetizing
current should be calculated at every step of integration in terms of the stator and rotor d-g currents as

Im - \/([a’s +1d1')2 + (]qx + ]qr)z

—(12)

Electromagnetic torque
The developed electromagnetic torque Te of the SEIG is

T, = (3P/4)Lm (Iqsldr - Ids[qr)

The Torque balance Tsnatt equation is
d
Tshaft - Te +J(2/P) Ewr

(13)

---(14)
with P the number of poles and J the inertia of the induction machine.
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The excitation model system
Equations (15) and (16) represent the self-excitation capacitor currents and voltages in d-q axes representation

lyg =1oq + 1y

--(15)
dy, ~ L -1y
dt ld — ng ds Cg){ ld
d 1 1

Vi =y — =iy,
dt 4 ng 1 ng 4 “'(16)

With lcd; Icq representing the capacitor current, 11d; Ilq representing the grid inductor currents, and Cex representing
the capacitor excitation.

1. MPPT Maximum Power Point Tracking (MPPT) Control ANALYSIS

An increase in its generation capacity with the reduction of per-unit cost makes it more affordable for remote area
locations; where small-scale WEGS is an attractive option. For such a stand-alone system, a self-excited induction
generator (SEIG) and permanent magnet synchronous generator (PMSG) [1] are preferable wind generators (WG).
Nowadays, PMSG [2] is more used as a direct drive (w/o gearbox) WG, however, SEIG [3]-[5] can be a good choice
due to its low cost, ruggedness, and inherent overload protection. Further to make the system efficient, performance
improvement and extraction of maximum power are major concerns. Though several articles are available on the
maximum power point tracking (MPPT) algorithm [6], still further research is going on to improve the overall
performance. Broadly, MPPT algorithms can be divided into two types such as speed sensor-based and speed sensor
less.

Permanent magnet synchronous generator (PMSG), Self-excited induction generator (SEIG), Doubly fed induction
generator (DFIG) are commonly used as wind generators in WECS. For the low power stand-alone WEGS, SEIG and
PMSG are mainly used [3]-[5]. Because of lower cost, less maintenance, and inherent short circuit protection, SEIG is
preferred over PMSG [6]. Transient performance and Steady-state analysis of SEIG have been well established in [7].
In order to make the efficient WEGS, a maximum power point tracking (MPPT) control strategy has been introduced
for maximizing the extracted turbine power. The turbine-generated power depends on the speed of the turbine, power
coefficient (Cp), and the air density which is constant. Each power-speed curve is characterized by a unique rotor speed
corresponding to an optimum power for the particular wind speed. To track this MPP, several algorithms are there, such
as Tip speed ratio (TSR) control, perturb and observe (P&QO), power signal feedback method (PSF), fuzzy-logic based
scheme, etc. [8]-[12]. In TSR control method, an anemometer is required to measure the wind speed and reference
speed of the rotor corresponding to the MPP of the set wind velocity. Moreover, the system cost increases due to
anemometer and for small-scale WT, TSR control is not frequently used because of the passive yaw control. [13],[14].
The speed encoders are used to implement the MPPT control strategy of WEGS. The use of this encoder involves extra
space, additional cost, extra wiring, and careful mounting which reduces the robustness of systems [13], [15]-[17]. For
the stand-alone system, some form of backup is almost required to maintain the reliability of the system. The battery is
commonly used for backup [18]. The energy storage systems play a vital role in a stand-alone WEGS to perform both
functions of storing and measuring energy at an adequate time [19]-[22].

The optimum rotational speed wqpt for maximum mechanical power of the wind turbine is given by:

/""ap.’
mopr = R Vi
---(17)
The maximum mechanical power P max iS Obtained from the wind energy equation as follows:
3
Pm,max = Kp,maxvn‘ “'(18)
Where,
1 s
. max = EPR C,mnm

---(19)
Substituting from (6) into (7), the maximum power curve versus generator speed can be drawn at various wind speeds
and it is shown in Fig. 3. In this paper, the maximum mechanical power of the wind turbine is given by:
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Pm,max = Kp,c:lp! w{)p:‘ ___(20)
where,

[ R’
Kp opt = E p(* p.max

3
iopl ___(21)
Thus, the corresponding optimal torque is:
2
T, =K, oni @5
op p.opt “op —(22)
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Fig. 4 Power coefficient versus tip-speed-ratio
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Fig. 5 Maximum mechanical power of the wind turbine at various wind speeds

Fig. 5 shows the optimum operating point for obtaining the maximum mechanical power versus the speed curve at
various wind speeds. These optimum points correspond to the condition in which the power coefficient Cp becomes a
maximum. From Fig. 4, the maximum value of the power coefficient, Cp-max equals 0.46 at the maximum tip speed
ratio Amax, of about 9.2. When the generator speed is always controlled at the optimum speed given in (6), the tip-speed
ratio remains the optimum value, and the maximum power point tracking (MPPT) control can be achieved. In this case,
information on wind speed is required. At any wind speed, we can calculate the optimum rotational speed of the
generator from (6), and then the maximum mechanical power is calculated from (9). The maximum power is used as the

power refers to the grid-connected current regulated pulse width modulation (CRPWM) inverter.
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V. CONTROL STRATEGY

Figure 2 illustrates the block diagram of the SEIG control strategy for a stand-alone mode of operation. It is a two-loop
control. The inner loop controls the SEIGs terminal voltage and frequency control in the outer loop.

Frequency Control

The value of the inverter AC voltage can be made constant if both the DC voltage and the modulation index do not
vary. The exceeding power can be consumed by a controllable load which is a dumping resistance situated in the dc
side of the PWM inverter enabling the total power supplied by the generator to match the sum between the consumer’s
loads and dump load.

8
-~V
PWM Ca_m_:ml El_t:ld | ‘.'133
Pulse Generator Driving Circuit P Ve
] A 44
Con Iﬂ. Ib Ic
FI Controller
Parr
Peg . . : €
1PF | Power Esumatof )
1 A
b 4 44
L It I

Fig.6. Control stagey block diagram of SEIG

The estimated source power using sensed terminal voltages and source currents is compared with reference power (Pr)
and error power Per(n) at the nth sampling instant is calculated as:

Pcr(n) = R‘(n) N Pg(n)___(23)

Where Pr(n) is the reference source power and it is taken equal to the rated power (1kW) of the SEIG. The generated
power of the SEIG is estimated as ‘

Pg =average of p(t)=average of [(l’ur'ﬂ + Vyiy + Vi, )]} (24)

An increase in Vdc indicates that the electric power generated is higher than the power of the ac load connected to the
generator. Conversely, a decrease in Vdc indicates a deficit in the generated power. The second-order low-pass filter
composed of Lc and CE guarantees sinusoidal waveform at the PCC. The cut off frequency fc is calculated as follows:

fc = 1/272'1ILCCE ___(25)

The control is attained by comparing the Pg sample with a reference Pr using a summer as shown in Fig.2. The error
signal Perr is tuned through a PI controller should be set to maintain VVdc in an allowable variation range, in order to
avoid voltage variation (flicker effect) in the ac side. The DC resistance is switched on when the DC voltage exceeds
Vmax and, once connected, to be switched off when the dc voltage returns to Vmix. Thus, the system’s power balance
is reduced to the DC capacitor voltage control.

Voltage Control

Figure 7 shows single line diagram of the system in on state of voltage regulating mode. A three-phase voltage source
converter with dc capacitor represented as a current source Icon. Figure 4 shows the Phasor diagram of Fig.7.
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Fig. 7 single line diagram SEIG supplying power to load

When the load draws current from the SEIG, the terminal voltage V falls below the open circuit voltage E. Then the
change in voltage AV can be written as

AV =E-V =ZslL --(26)

Where, | - is the load current may be written as

1=P-jO/V_ (27

AV
E
. = |AVy
T g,
X1,
I=I,
(a)
Icom
0
I
Load ®)

Fig. 8 Phasor diagram of SEIG (a) without SSVR (b) with SSVR From

Fig 8 (a), if V be the reference voltage, then the change in voltage AV may be written as:
P—jQJ

Vs = (Rs +sz)[ ”

_ RsP+ XsQ £ XsP—RsQ
T v
= AVR + jAXx

---(28)

From equation (6), the voltage drop AV has a in phase component of voltage AVR and quadrature to V is AVx with
respect to the open circuit voltage E. it illustrates AV depends on both real and reactive power.

Now a compensator is added in parallel with the load. By adjusting the compensator impedance is such a way that |V| =
|E] is called load compensation. It is emphasized by a reactive compensator alone. Therefore the SEIG voltage may be
written as
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2 2
E|z y +[RSP+yXSQ5i| +‘:XSP—RSQ8:|
L, I/ ___(29)

Solution of equation (7) gives the values of QSSVR required to achieve the condition |V| = |E|. By applying the

parameters of the proposed system and required compensator (Xcom) is obtained as 38.3 ohms, i.e.1.5 kVAr including
the load reactance and full load capacitance and change reactance of the machine as and when load changes.

V. PERFORMANCE ANALYSIS OF SELF EXCITED INDUCTION GENERATOR

The performance analysis of self-excited induction generator can be categorized in to the following- (i) Steady state
analysis (ii) transient analysis (iii) Voltage control aspect (iv) The parallel operation of SEIG.

(i) Steady state analysis

In an isolated power system, both the terminal voltage and frequency are unknown and have to be computed for a given
speed, capacitance, and load impedance. Therefore both from the design and operational point of view, the steady state
analysis of SEIG is of great interest. L. Sridhar[25]proposed an algorithm to predict the steady state performance of
SEIG feeding an induction motor. Symmetrical components method is used to reduce the complex three-phase
generator-load system to a simple equivalent passive circuit. A function minimization technique is employed to solve
this equivalent circuit in order to determine the excitation frequency and magnetizing reactance. Alghuwainem [29] has
examines the steady-state analysis and performance of an isolated three-phase self-excited induction generator (SEIG)
driven by regulated and unregulated turbine. Abdul rahman [30] presents a steady state analysis of three phase self-
excited induction generator. The problem is formulate has a multidimensional optimization problem. A constrained
optimizer is used to minimize a cost function of the total impedance or admittance of the circuit of the generator to
obtain the frequency and other performance of the machine. Olorunfemi Ojo [33] presents the modeling and steady-
state performance of single-phase induction generators based on the principles harmonic balance including Magnetizing
flux linkage saturation and flux dependent core loss resistances.

(ii) Transient analysis

The transient studies of induction generators are related to voltage build up due to self-excitation and load perturbation.
To investigate the SEIG transient performance under balanced condition, the D-Q model can be used. Many articles
been presented on the transient/dynamic analysis of self-excited induction generator [34]-[37]. Wang [38] presents
transient performance of a stand-alone self-excited induction generator (SEIG) under unbalanced excitation capacitors.
An approach based on three-phase induction machine model is employed to derive dynamic equations of an isolated
SEIG under unbalanced conditions The neutral points of both Y-connected excitation capacitor bank and Y-connected
stator windings of the SEIG is connected together though a neutral line. In [42], the transient performance of a series-
compensated three-phase self-excited induction generator (SEIG) feeding a dynamic load such as a three-phase squirrel-
cage induction motor (IM) is discussed. Mathematical modeling and simulation study of SEIG and an induction motor
(SEIG-1M) combination is carried out using MATLAB/Simulink. In [43], a generalized state-space dynamic model of a
three phase SEIG has been developed using d-q variables in stationary reference frame for transient analysis. The
proposed model for induction generator, load and excitation using state space approach can handle variable prime
mover speed, and various transient conditions e.g. load perturbation, switching states etc.

(iii) Voltage control aspects

The induction machine has no field windings; therefore the current to magnetize the machine must be supplied by the
system to which it is connected. Induction generator has two major drawbacks. First is the need for reactive power
support and other is poor voltage regulation. Induction generators require the supply of reactive power [44].Unbalanced
reactive power operation results in voltage variation. Sridhar [45] have discussed a methodology to choose the
appropriate value of capacitor for desired regulation of short- shunt SEIG. The minimum capacitance requirement of
SEIG is inversely proportional to the square of speed and maximum saturated magnetizing reactance. A new strategy
for controlling voltage and frequency of a self-excited induction generator (SEIG) is presented in [48].An external
excitation circuit, comprising permanently connected capacitors and electronically switched inductances is used. The
external circuit allows compensating for the generator reactive demand. Bhim Singh [49] have Presented the design of
static compensator(STATCOM)-based voltage regulator for self-excited induction generators (SEIGs). To maintain
constant terminal voltage, the required adjustable reactive power can be provided by a STATCOM consisting of ac
inductors, a dc bus capacitor, and solid-state self-commutating devices. A dynamic model of the SEIG-STATCOM
feeding nonlinear loads using stationary d—q axes reference frame is developed for predicting the behaviour of the
system under transient conditions.

(iv) PARALLEL OPERATION OF SEIG

A stand-alone SEIG is unlikely to supply the energy demand of ordinarily growing loads for long time. Thus, multiple
generators operating in parallel may be required to harvest the maximum energy available at a site. Parallel operation of
induction generator has the advantages of eliminating of the need for synchronization and of the associated problem
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with hunting etc. The references [13]-[14] are available on the parallel operation of such units. Wang [15] has proposed
an Eigen value-based methodology to analyse the dynamic performances of parallel-operated SEIG supplying an IM
load. Determination of minimum starting value of capacitance required for self-excitation is analysed. This
phenomenon cannot be easily simulated using the conventional models because it has such a fast transient nature. An
innovative and automatic numerical solution for steady-state and transient analysis of any number of SEIGs operating
in parallel is presented [17].The effect of parameter variations on the performance of parallel-connected SEIG operating
in stand-alone mode[18].Effects of parameter deviations on the power sharing, current sharing, VAR requirements, and
on the voltage regulation have been examined in this paper.

VI. APPLICATIONS

In India there is a huge gap between demand and supply of electric power. Every year this gap is widening and to cope
up with the increasing demand, load shedding is often resorted to. Installation of new power plants requires huge capital
and land. Due to these constraints, pace of growth in generation is low. Many developing countries are facing this
problem. Development on the renewable energy front is also very slow due to their pertinent issues. Small scale
electrical power generation is becoming popular in many countries as it helps in reducing the cost of electricity, the
stress on the main system and transmission distribution expenses to remote areas. But due to their obvious operational
advantages and owing to availability of modern control techniques, induction generators are assuming significance.
Induction generators employing slip ring induction motors are already in use for wind power generation in grid
connected mode [35]. When an induction generator is not connected to supply grid, it is said to be operating in self-
excited mode. In this mode, normally small induction motors are used, and capacitors are connected to its terminals for
the supply of required reactive power. These generators can be used for wind and picot hydro generation [36].

CONCLUSION

A review of the SEIG is done in the above paper. The usage of the SEIG in Wind turbine systems has a vast demand
nowadays. It is necessary to regulate the terminal voltage and frequency of SEIG operated in a standalone generator.
Solutions to solve these problems different techniques are presented in the literature. The investigations spread over the
last three decades indicate the technical and economic viability of using induction generators for electric power
generation to harness renewable energy sources, particularly in remote and far-flung areas where extension of the grid is
not economically feasible. The induction generator’s ability to generate power at varying speeds facilitates its
application in various modes such as self-excited stand-alone (isolated) mode; in parallel with a synchronous generator
to supplement the local load and in grid-connected mode. The use of SEIG compared to the synchronous generator can
reduce the system cost considerably. This article has presented a comprehensive literature survey on an important
aspect of SEIG such as the process of self-excitation, steady-state and transient analysis, voltage control, and parallel
operation of SEIG so that further work can be carried out for better results.
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