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ABSTRACT - Apermanent magnet synchronous
generator (PMSG) is a device that converts mechanical
energy to electrical energy. Permanent magnet
generators generate electricity with the inside magnets that
can be used to power other electric devices. A PMSG is
a generator, where the excitation field is provided by a
permanent magnet instead of a winding coil. In this
generator/device the rotor windings have been replaced
with permanent magnets. Its rotor is consisting of the
permanent that generates a field for excitation and
replaces the external supply source for the generator. In
most of power generation plants, the synchronous
generator is used. Now days synchronous generator is used
in all types of turbines for e.g. steam turbine, gas turbine
and hydro turbine etc. The Permanent Magnet
Generator uses the  magnetic field generated by
a permanent magnet to convert mechanical energy into
electrical power. It can be able to generate an AC current,
with which it can able to power the whole engine and
charge the battery. This study helps to understand the
working and application of Permanent Magnet Generator
in a windmill turbine.

Keywords - Windmill system (WS), Permanent magnet
synchronous generator (PMSG), Wind turbine (WT),
Excitation Circuit (EC).

. INTRODUCTION

The use of permanent magnet synchronous machine is an
interesting topic for study. In the continuously growing world
the demand for energy is ever growing. The synchronous
machines with permanent magnets are rising as reliable
equipment for energy generation. With globally increasing
demand of energy and by considering the environmental
impact and pollution by current time energy generation
techniques, the need of methods which uses nonconventional
renewable resources for energy production which produce
minimum or no impact and pollution of environment is huge.
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The wind, water and steam are used to provide mechanical or
kinetic energy to the turbines. In a wind system the windmill
turbine will continue to convert kinetic energy to electric
energy despite of unsteady, irregular and constantly changing
flow of wind.

In the wind system, there are two existing
primary techniques for energy production. First one is a
permanent magnet synchronous generator (PMSG) and second
is doubly fed induction generator (DFIG). The waveform of
the voltage generated in PMSG is synchronized with rotating
generator. A multiple turbine driven PMSG is used in wind
conversion system. A distorted waveform and voltage have
produced in the system when using nonlinear devices. The
injected harmonics have several impacts on utilities grids and
loads connected to the system. The harmonic active filters are
used to heat the power quality issues. The parallel active
power filters are used to decrease the cost and increase the
reliability of the wind system.
By using these the total harmonic distortion is minimized to
least which increases the quality of the wind system

Fig (1) Overview of PMSG in wind turbine
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Il.  LITERATURE REVIEW

The topic of synchronous machines and use of permanent
magnets in synchronous generator has been studied for a long
time. Lalit Kumar Gautam and Mugdha, Mishra have already
covered the point of wind energy conversion by using PMSG,
here there is no requirement of gearbox in the system [1]. The
studies for systematic control of permanent magnet
synchronous machines (PMSM) and DC motor without
brushes has been done by Sandra Eriksson[2]. Designs for
generators of wind power, hydro power and power in the form
of waves has been studied [2]. Designs for PMSG for a wind
turbine with vertical axis has also been studied. The basic
development in power electronics and conversion of electric
power is done by F. Bladbjerg, Z. Chen, R. Teodorescu.F.lov
they also studied the wind turbine configurations both
electrically and aerodynamically[3].For instance, the electrical
efficiency of PMSGs is higher than the synchronous-
generators (SGs) in the moderate-size power marine diesel
gen-sets[4]. The current-vector of an interior type PMSG
optimizes the operation at variable wind-velocity, which needs
control of six active switches [5] The variable-speed operation
of the WECS is essential for extracting maximum wind power.
A modern control based tracking of power or torque helps to
achieve better utilization of wind-energy [6]. To acquire
required shaft speed control strategies are developed based on
wind-velocity. high cost and reduced reliability involved in
this scheme for a small scale WECS. A Maximum-Power-
Extraction Algorithm (MPEA) is proposed for a grid-
connected PMSG bhased WECS and it is feasible to implement
in practical without any mechanical sensors for WECS via a
PMSG [7]. A high value for gear ratio is chosen, the machine
rotates slowly and the rated wind speed is at a low wind speed
and then power coefficient drops for high wind speeds [8]. An
MPPT control for a PMSG-based grid-tied wind generation
system [9]. Voltage transient analysis of a PMSG wind power
system using controller-hardware-in-the  loops  [10].
Realization and control of a wind turbine connected to the grid
by using PMSG [11].Control of PMSG based variable speed
wind-battery hybrid system in an isolated network[12].Wind
Energy Conversion System Connected With the Grid by Using
Permanent Magnet Synchronous Generator (PMSG)[13].

I. METHODOLOGY

The following fig (1) shows the basic structure of PMSG
which is used in the wind turbines. Torque generated by the
turbines by using Kinetic energy in the wind power. The torque
generated is then transferred to the rotor of the generator
through the generator shaft.
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Fig(2) Rotor in Generator

An electrical torque is produced by the generator and the
mechanical torque produced from the wind turbine and
electrical torque generated from the PMSG determines the
situations like acceleration and deceleration of mechanical
system or the system remains a constant speed[14]. The
current produced from the PMSG s rectified by a three-phase
inverter which is connected to the generator to charge a DC-
link Uqc capacitor [15]. A second three-phase inverter is fed by
the DC-link Uq, this inverter is connected to the utility grid
through an angle, the rotor and the inverter output are accepted
to compare with the grid side data.

3 PHASE CURRENT

88K

Fig(3) 3-Phase Current Generation by 120° placed armature
coils.

A digital signal processing system is used to achieve the
correct signals for the best control on the components. The
main intent is to synchronize the utility grid and to export
power to it [14].
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Fig(4) Structural Architecture of WCS

The conversion of kinetic energy of wind to mechanical work
is done by the wind turbine. “On the basis of relationship for
the calculations, it is possible to express the volume Py, of the
aerodynamic wind turbine.” [16-17-18]

=3t [ I

Here P is the air density and A=3.14*R? is the blade swept of
the turbine, V= velocity of wind

Andisthe e B coefficient of power. The
power coefficient represents the relationship between pitch
and tip speed. The power coefficient is given as:

With
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Where lambda is the relationship between rotor speed and
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wind velocity, (w)omega is the angular velocity of the blades
and R is the radius of the rotor.

On the basis of rotational motion performance, the value of the
torque Tm which is acting on the generator shaft can be shown
follows:

According to above formulas it makes clear that simultaneous
values of performance and mechanically generated torque, on
large scale are wind speed dependent.

While pitch angle is kept constant the rotational speed is a
function where the energy captured by the blades of the
turbine gain maximum output at a specific speed of rotation.
This concludes that the tip speed should be kept at lambdagp:
for maximum energy.

The PMSG is modelled completely in dg-coordinates. This
conclude that the AC-states are absent in this model.
Following figure shows that the PMSG is modelled with DC
voltage and the currents are in fixed rotor, rotating coordinate
system. The d-axis and the g-axis equation are defined in (1-2-
3).

di, R, Ly 1
=0+ —
dt Lsd ‘Lsd ‘ Lsd (6)
di, R L, 1\ 1
q 5 sd
— =i =0 —igt—¥; |+
dt qu >q N qu Sd quu/p qu Sq

The electromagnetic torque in the rotor is given by the
following equation:

nﬂéww%mw%ﬁ 0

The electromagnetic torque in the rotor is given by the
following equation:
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symbols used are:

1) Usd,usq =The d-axis and g-axis voltages respective
stator resistances.
isd ,lsq =The currents along d—axis and g-axis.
2) W =The angular frequency of generator.
Yo = Permanent flux.
Lsd, Lsq =Inductance of generator along respective axis
3) Ra = Stator resistance.
P = Number of polls
Advantages of PM SG:
» Any external DC power supply is not required for

excitation of circuit.

PMSG doesn’t requires any slip rings to operate.
No specific maintenance is required and easy to
handle.

No by-products formed and no pollution produces.
For field, there is no power converter is required.
Gear box is not needed in PMSG.

Disadvantages of PM SG:

The cost of large permanent magnets is very high.
Permanent Magnets performance gets affected by
heat.

Reliability is poor because of the uncontrolled air gap
flux density is over voltages.

IV. CONCLUSION

This study analyzes the construction and working of the
PMSG in the turbine of wind conversion system. The
relationship between power generation and the wind speed
energy is analyzed. The concept of using PMSG in the WCS
has a wide future scope, as the need of more efficient ways to
produce energy with minimum or least environmental impacts
is large. In future more improved and efficient wind turbines
can be constructed by using PMSG.
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