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Abstract— Today the major energy requirements have
fulfilling by conventional sources out of which coal based
thermal power generation is having major contribution.
But such facts like the rate at which conventional sources
are being utilized and their influence on natural world, it is
essential to adopt alternate energy technologies which are
more consistent. The world is now moving forward with an
initiative to fasten the growth of renewable sources of
energy . Wind energy is one of the most cost effective
energy source which is used to give electricity among
different renewable resources and have the potential to
fulfill our energy needs. Considering the challenges to be
faced with interconnection of large wind farms using
different types of generators like as Induction and
Synchronous generators, it become necessary to study the
various types of wind generator systems and their
differences.

Keywords— Alternating Current (AC); Direct Current(DC);
Doubly Fed Induction Generator (DFIG); Permanent Magnet
Synchronous Generator (PMSG); Squirrel Cage Induction Generator
(SCIG); Wound Rotor Induction Generator (WRIG).

l. INTRODUCTION

The fastest growing energy technology in the World is
generation of electricity from wind. The wind speed is
extremely important for the amount of energy. Winds are
essentially caused by solar heating of the atmosphere; they
carry huge quantity of energy. This wind energy is used to
drive a wind turbine, which is coupled with an electrical
generato[11]. The kinetic energy of the moving air (wind) is
required to rotate the blades of the wind machine. The blades
play important role in conversion of wind energy into
mechanical energy, and generator is used to convert this
energy into electrical energy. For a fixed speed wind turbine
there is direct connection between generator and electrical
grid[1] When fixed-speed wind turbine with induction
generator is directly connected to grid, there are drawbacks
i.e., reactive power so the level of grid voltage cannot be
controlled. These drawbacks are avoided by using variable-
speed wind turbines [6]. These turbines improve the dynamic
behaviour of the turbine and reduce the noise at low wind
speeds. Power electronic equipment is used to control
generator in case of variable speed wind turbine[3]. Variable
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speed wind turbine has possibilities to overcome stresses of
the mechanical structure, acoustic noise reduction and control
active and reactive power[1] Doubly fed induction generator is
more preferable because of its several advantages. The DFIG
technology is used to obtain paramount energy from the wind
for low wind speeds by improving the turbine speed, while
reducing mechanical stresses on the turbine during blow of
wind [1][2]

II. TYPESOFWIND ENERGY SYSTEMS
A. Fixed-Speed Wind Energy Systems

These turbines are furnished with an induction generator that
is directly connected to the grid, along a soft-starter and a
capacitor bank for decreasing reactive power compensation.
They are constructed to obtain paramount efficiency at
particular wind speed. Some fixed-speed wind turbines has
two winding sets for increment in power generation.[1]

e Squirrel Cage Induction Generator:

In these types of generators, the rotor winding has un-
insulated conductors; in the form of copper and aluminum bars
inserted in the semi closed slots.[5] The solid bars are short
circuited at both terminals by end a ring of which is made up
of same material. With the absence of rotor core, the rotor bars
and end rings look like the cage of a squirrel. The rotor bars
construct a evenly distributed winding in the rotor slots. As
illustrated in Figure the SCIG is directly grid connected. Only
a few percent change occurs in SCIG speed because of the
generator slip induced by changes in wind speed. So, this
generator is used for fixed-speed wind turbines. The main
problem is magnetizing current due to which the full load
power factor is almost low. If power factor is very low then it
is compensated by connecting capacitors in parallel to the
generator. SCIG is furnished with a soft-starter mechanism
and capacitor bank is used for reactive power compensation.
Fluctuations in wind power are tranfering directly to the grid
and it must be observed for weak grids.
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Fig. 1. Squirrel Cage Induction Generator

In the condition of fault, SCIGs without any reactive power
compensation system can occur voltage transients on the grid.
The wind turbine rotor may speed up, for instance, when a
fault exists, due to the inequality between the electrical and
mechanical torque.[41][42]

B. Variable-Speed Wind Energy Systems:

These turbines are constructed to obtain paramount
aerodynamic efficiency over a vast limit of wind speeds. The
electrical system of variable wind speed turbine is more
difficult than that of a fixed-speed wind turbine. It is furnished
with an induction or synchronous generator and power
converter is used to connect with grid. This power converter
controls the speed of generator. [39][41][42]

C. Asynchronous or Induction Generator:

These types of generator use magnetic induction principle to
transposition the electrical energy from stator to rotor, without
any wire contact. External source is used to give power to
stator causing the rotor to turn. The rotating magnetic flux in
the stator is greater than the rotating speed of rotor. These
types of generator are also known as asynchronous
machine.[32] When the rotor speed go beyond  rotating
magnetic field in the stator, direction of rotor is steady with
rotating magnetic field, the rotor will move to pick the stator
field faster. Due to this , a reverse torque in the rotating
direction induced , thus induction generator is operate as a
generator at the frequency and voltage of the initial power
supply to the stator. . The definition of rotating difference ratio
for an induction generator is as

$=(Nsyn-Nm/Ngyn)*100 (1)

Where,
Nsyn=synchronous speed of magnetic field (rpm)
Nm= rotating speed of rotor (rpm)

e Limited Variable Speed Induction Generator:-
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These types of induction generator have a variable slip and to
select the maximum slip, resulting in smaller variations in
torque and power output. To achieve load Reductions variable
slip is required which is very simple, predictable and cost-
effective. WRIG has a variable external rotor resistance which
is used to control the slip. The converter is optimally
controlled, i.e, no slip rings are required. The stator of the
generator is directly coupled to the grid .[39][41][42]
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Fig. 2. Wound Rotor Induction Generators

The advantages are having a simple circuit topology, no need
for slip rings and operating speed range is better than the
SCIG. However, it still requires a reactive power
compensation system. The disadvantages are speed range is
typically limited to 0-10 %, low control of active and reactive
power is obtained and the slip power is consumed in the
inconstant resistance as losses.[39]

Doubly fed induction generator:

In DFIG the voltage on the stator is applied from the grid side
and the voltage on the rotor is induced by the power converter.
[11]This system permits a variable-speed operation over a
wide, but controlled range. The difference between the
mechanical and electrical frequency is compensating by
converter by providing a rotor current with a variable
frequency.[29] During both the conditions whether normal
operation or faults the behavior of the generator is governed
by the power converter and its controllers.[24][25]
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Fig. 3. Doubly Fed Induction Generator

The power converter has two converters, the rotor-side
converter and grid-side converter, which are controlled
separately of each other. The rotor-side converter controls the
both powers active and reactive by regulating the rotor current
components, Although the line-side converter controls the
DC-link voltage and provide a converter operation at unity
power factor. The DFIG has several advantages, i.e, not
naturally magnetized from the power grid; magnetized from
the rotor circuit, . It is capable of generating reactive power
that can be supplied to the stator by the help of grid-side
converter. In the case of a weak grid, means voltage may
fluctuate, the DFIG may be used to yield or consume an
amount of reactive power to or from the grid, for voltage
control needs direct current to be supplied to the rotor winding
via slipping to produce the rotor’s magnetic flux. The
converter used in DFIG is back to back converter.[24][25][33]

D. Synchronous generator:

A synchronous generator is a type of generator which operates
in synchronism with rotating speed of an AC system to which
it is connected. Wind turbines having synchronous generators
normally use electromagnets in the rotor which are fed by
direct current from the electrical grid. Since the grid provides
alternating current, they first have to convert alternating
current to direct current before sending it into the coil
windings around the electromagnets in the rotor[31][42].

233

D
C
A
C
Gear
| A D
L L i
C g T A Grid
v C
Synchronous I
Generator
P ref Q ref

Fig. 4. Synchronous Generator

The prime mover drives the generator rotor creating a rotating
magnetic field that produces a voltage in the stator windings.
The windings of the stator are formed in such a way so that a
three-phase voltage is produced. The induction voltage of
alternating current is given by the following equation-

E=K¢wsyn 2
Where,
K-electrical coefficient of generator
¢- rotor magnetic flux (Wh)

wsyn: Angular velaocity of rotor rotating at synchronous speed.

e Permanent Magnet Synchronous Generator
(PMSG):

In Permanent magnet machine the efficiency is higher than
that of induction machine, be the excitation is provided
without any energy supply[7]. Though, the materials used for
providing permanent magnets are costly, and challenging to
work during accomplishment. Additionally, the use of PM
excitation requires full scale power converter to regulate the
voltage and frequency of generation to the voltage and the
frequency of transmission, respectively.[13][38]

pO=EG=E

PMSG Rectifier Inverter

Fig. 5. Permanent Magnet Synchronous Generator

The contempory feature of the PMSG may occur problems
during start-up, synchronization and voltage regulation.
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Constant voltage does not provided by it. Magnetic materials
are sensitive to temperature. So, temperature of rotor of a
PMSG must be managed and a cooling system is required. As
the rotating magnetic field is stable and the rotor rotating
speed changes with wind velocity, the output voltage and
frequency are volatile and can’t serve a fixed power supply.
PMSG are not suitable for commercial applications because of
their small extent and higher cost per kilowatt of output. It is
only suitable for remote areas without a grid power [38]

E. Self-Excited Induction Generator (SEIG):

A capacitor bank is used for the excitation of SEIG. Capacitor
Bank is connected across stator terminals of Induction
Generator. Capacitor bank gives the reactive power to the
load. The excitation capacitance gives a dual purpose for
standalone induction generator: first vibranting with the help
of machine inductance in a negatively damped, resonant
circuit to build up the terminal voltage from the value of zero
with the help of permanent magnetism of the machine, and
then by giving reactive power improving the power factor of
the machine.[41][42]
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Fig.6. Self Excited Induction Generator

The parameters of the induction machine, the self-excitation
process, the load parameters and type of primary mover are
the main factors affecting the behaviour of the SEIG system.
The induction generator’s ability to generate power at varying
speed facilitates its application in various modes such as self-
excited stand-alone (isolated) mode; in parallel with
synchronous generator to supplement the local load, and in
grid-connected mode[34][35]

I1l.  GENERATORS USED BY MANUFACTURERS

COMPANIES:
Manufacturer | Concept
Vestas Doubly -Fed Induction Generator
(DFIG) PMSG, multiple gearbox with
(Denmark)
full converter
General Doubly -Fed Induction Generator
Electric (US) (DFIG) PMSG, multiple gearbox with
full converter PMSG Direct Drive with
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Full Converter

Doubly -Fed Induction Generator
Sinovel (DFIG) PMSG, multiple gearbox with
(China) full converter PMSG Direct Drive with
Full Converter
Enercon EESG Direct Drive with Full Converter
(Germany)
Goldwind PMSG Direct Drive with Full Converter
(China) Doubly Fed Induction Generator
Gamesa Doubly Fed Induction Generator
(Spain) (DFIG)PMSG multiple gearbox with
P full Converter
Dongfang Doubly -Fed Induction Generator
(China) (DFIG)
Suzlon (India) | IG; Fixed or Limited variable speed
Siemens IG; Multiple gear box with Full
(Germany) Converter Direct Drive
Repower Doubly Fed Induction Generator
(Germany) (DFIG)

Table.1. Top 10 Globally Wind Turbine Manufactures, Used
Generator Concepts [3][42]

IV. COMPARISION BETWEEN WIND ENERGY
SYSTEMS

The fixed-speed wind turbine has the advantage, i. e, simple,
rugged, steady, and well-proven and price is not so much high
of its electrical parts[15] Its disadvantages are an
uncontrollable reactive power consumption, mechanical force
and control of power quality is limited. Because of constant
speed operation, all variations in the wind speed are further
transferred as change in mechanical torque and also in the
electrical power on the grid. Most of the drawbacks of fixed
wind energy systems are desisted by use of variable wind
energy systems. In variable speed wind energy systems
power electronics converter is required. Basically, a wind
energy system can be equipped with any type of three-phase
generator, such as synchronous generator and asynchronous
generator. Out of these, DFIG (Asynchronous Generator) is
more preferable because of its several advantages. The DFIG
technology is used to obtain maximum energy from the wind
for low wind speeds by optimizing the turbine speed, while
minimizing mechanical stresses on the turbine during
explosion of wind. [27] In DFIG Technology, Power
electronic converters are used to generate or absorb reactive
power, thus discarding the need for installing capacitor banks
as in the case of SCIG.[10] The drawbacks of SCIG are that
the generator iron core must be saturated to stabilize the
voltage, which leads to a poor efficiency, and the capacitance
value must be changed with the generator speed. The
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advantages of PMSG are that light weight, small size, Low
losses and high efficiency, No requirement of external
excitation current and gearbox.[14][25] And disadvantages are
that it is useful for small wind that has to be increased,
Demagnetization of permanent magnet due to atmospheric
conditions is a big problem.

V. CONCLUSION

This paper presented a brief and comprehensive survey of the
different types of generator and power electronic approaches
used by the modern wind turbine industry. wind turbine
technologies and control design, was followed by the state of
the art of wind turbines, from an electrical aspect. It is obvious
that the introduction of variable-speed options in wind
turbines improves the quantity of suitable generator types and
further gives different combination of generator type and
power electronic converter. Power electronic devices are
rising scientific solutions to contribute wind power positions
with power system regulate capacities and to improve their
effect on power system stability.
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