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ABSTRACT

Due to the increasing concern about the various aspects of conventional generating units such as depleting fossil
fuel, environment issues like release of pollutants in the air have forced the research companies to exploit the
renewable energy resources using small generating units. Researchers have been trying to develop ways to take
advantage of different types of clean and renewable energy sources. Wind energy production, in particular, has been
growing at an increasingly rapid rate, and will continue to do so in the future. In fact, it has become an integral part
in supplying future energy needs, making further advancements in the field exceedingly critical. Basically the work
reviewed in this paper is the performance analysis of PMSG based wind energy conversion system during the
different operating conditions. PMSG has been utilized in this system due to its various advantages over other
generators. The model based on wind energy system has been implemented into the Matlab software and simulation

result regarding the performance of the system is studied.
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I. INTRODUCTION

In the field of renewable energy generation has been
observed in wind energy. Where the technology plays
the major role in generation. Meeting the future energy
demand and to provide a quality and pollution free
supply to the growing conscious population the present
world attention is to go for natural, clean and renewable
energy sources. It also attracts attention as one of the
most effective ways in terms of the cost of generating
electricity from renewable energy sources. As the
penetration level of wind power in the grid is extremely
growing it is important to analyze its impact on the
power grid, as well as the impacts of grid disturbances
on wind farm generators. Different types of generator
systems used in wind farms, among which the variable
speed direct-driven Permanent Magnet Synchronous
Generator (PMSGQG) is found to be more attractive. In a
permanent magnet synchronous generator the
excitation field is provided with a permanent magnet
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instead of a coil. Synchronous generators are the
majority source of commercial electrical energy. They
are commonly used to convert the mechanical power
output of steam turbines, gas turbines, reciprocating
hydro turbines and wind turbines into
electrical power for the grid. They are known as

engines,

synchronous generators because the speed of the rotor
must always match with the supply frequency.
Permanent magnet generators do not require a DC
supply for the excitation circuit and due to its have high
efficiency and low maintenance cost, they have been
considered as most propitious technology for new
designs in high power applications. In the fault
condition of a PMSG based WECS the fault will affect
the entire system performance and will lead to an
unstable condition. If control not provided , system will
become unstable for longer period of time, but if
sufficient control is provided the system can regained
its stability.
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II. METHODS AND MATERIAL

1. Wind Energy Conversion System

Wind means air in motion. Wind is nothing but Earth’s
rotation and the uneven heating of Earth’s surface by
sunrays. The sunrays cover a much greater area at the
equator than at the poles. The hot air rises from the
equator and expands toward the poles that cause wind.
Air has a mass and mass in motion has a momentum.
Momentum is a form of energy that can be utilized.
Aerodynamic wind turbine power is given by

Py 0.5 *p*A*V3%C,(L,B)

Here, p is the air density, A= n*R?, is the blades swept
of the turbine, V is wind speed, and C,(A,B) is the
power coefficient, which expresses the relationship
between the tip speed ratio A and the pitch angle f3.

Renewable energy resources, especially wind energy,
become attracting great attention due to the depletion of
existing fossil fuel deposits and increasing concerns
about CO2 emissions. Since the late 1990s, variable
speed constant frequency (VSCF) wind energy
conversion systems (WECS) have been widely adopted
in order to maximize the utilization of wind energy.
The doubly-fed induction generator (DFIG) and direct-
drive permanent magnet synchronous generator (PMSG)
are the most popular systems for wind energy
conversion. The direct-drive PMSG has attracted more
and more attention due to its advantages of high
efficiency and reliability. The configuration of a typical
direct-drive WECS with PMSG is shown in Figure 1.
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Figure 1 : WECS

The PMSG converts the mechanical power from the
wind turbine into ac electrical power, which is then
given to the grid through a power electronic converter.
Figure 1 shows the general configuration of a PMSG
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based WECS. The main components of a wind energy
conversion system are wind turbine, generator, rectifier,
inverter and grid.

2. Mathematical model of PMSG:

The PMSG wind power system consist of wind turbine,
generator, converters and controllers. The full scale
back-to-back converter is connected between the
generator and the grid. In the d-q reference frame
rotating at the synchronous speed is as shown in Figure
1, the model of PMSG is presented on a per unit basis.
The rotor-flux-oriented control strategy which makes
the d-axis of the reference frame align along the
permanent magnet flux 1 position is adopted. The
equations are in accordance with generator convention,
which means that the generator current is positive when
flowing towards the grid.
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Figure 2 : The space relationship between d-q axis and
X-y axis

The space relationship between d-q axis and x-y axis as

follows
W ds — W I o L d 'I;Lll'.l
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where P45 and gare stator-flux in d-q axis,
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respectively; Ld and Lq are d-axis and g-axis
inductance, respectively; ids and igs are generator-side
current in d-q axis, respectively; uds and ugs are
generator-side voltage in d-q axis, respectively; w, is
generator electrical angular speed; Rs is
resistance.

stator

In [1], a modeling of stator current control of PMSG
for grid-connected systems is proposed. The modeling
of the power circuit and control-side was performed
and implemented on the MATLAB/Simulink. To
minimize the winding losses Zero d-axis stator current
is used in the generator. Thus, generator-side converter
is used for optimization of the PMSG and was achieved
for the generator-side converter. Besides, the voltage-
oriented control is used to maintain the DC-link voltage
and independent active and reactive powers flow to the
grid. Simulation performances showed fast, accurate,
and effective responses to changes in the operating
conditions with good dynamics that maintained the
demand active and reactive powers to the grid.
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Figure 3
Fig. 3. Configuration of PMSG-based WECS with a
control of the generator-side converter using d-axis
stator current control scheme and a control of the grid-
side using voltage oriented control scheme.
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TABLE 1. PERMANENT MAGNET SYNCHRONOUS GENERATOR
& SYSTEM PARAMETERS

Permanent Magnet Synchronous Generator Parameters
Real Base Por-unit
—
Rated Mechanical Power 2448 248 MW 1.0
Rated Apparent Power 3419 3419 | MVA 1.0
Rated Phase Voltage 23004 | 23094 | Vims 1.0
Rated Stator Current 490 490 A 1.0
Rated Stator Freq y 5333 5333 Hz 1.0
Rated Rotor Speed 400 400 pm 1.0
Mumber of Pole Pairs 8
Rated Mechanical Torque 58.459 58.459 kN.m 1.0
Rated Rotor Flux-Linkage 4.971 6.891 Wh 0.7213
Stator Windmg
Resistance 2421 4655.7 me2 0.0052
d-Axis Stator Inductance 9.816 13.965 mH 0.7029
g-Axis Stator Inductance 9.816 13.965 mH 0.7029
CGirid-side Parameters
DC-link Voltage 7045 | 23004 v | 305
reference
DC-link filter Capacitor 1700 425 uF 4.0
(Gnd Voltage Three-phase
Balanced 4000 4000 Vrms 1.0
Grd Frequency 60 60 Hz 1.0
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Figure 4
Fig 4 Simulated wavefonns of the PMSG grid-
connected with reactive grid power control. (al) Wind
speed, command torque and actual generator torque,
(al) dg-axis stator current and command d-axis stator
current, (a3) mechanical power and generator stator
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power, (a4) phase-A stator voltage and current, (b) dc-
link voltage waveform,

In the simulation, the turbine model receives the wind
speed V,, and provides an optimized reference torque
T,' to control the system. In order to simulate the
transient response of the propose control system, wind
speed is assumed to have stepped-up from 3.6 m/s to 12
m/s at O.2sec and stepped down to 9 m/s at O.Ssec and
then rose slightly reaching around 10.8 m/s at 0.8sec
then remained stable. As a result, the optimal reference
torque T,' for MPPT is changed accordingly and the
generator torque also indicated good dynamics to the
tracking responded to its reference In the simulation,
the turbine model receives the wind speed Vw and
provides an optimized reference torque T, to control
the system. In order to simulate the transient response
of the propose control system, wind speed is assumed
to have stepped-up from 3.6 m/s to 12 m/s at 0.2sec and
stepped down to 9 m/s at O.Ssec and then rose slightly
reaching around 10.8 m/s at 0.8sec then remained
stable. As a result, the optimal reference torque T, for
MPPT is changed accordingly and the generator torque
also indicated good dynamics to the tracking responded
to its reference.

In [2] focus is given on the comprehensive review on
study of modeling and simulation of permanent magnet
synchronous generator which is based on WECS. the
MPPT concept details is provided for variable speed
operation. The PMSG is introduced as construction and
model with some information about generators already
available in market. Different types of wind turbine
generator is also explained, the mathematical equation
of PMSG which is established in d-q reference frame is
also provided here, and concept about the drive train,
its types of the possible power
converters have been presented and discussed as well

,configurations
the semiconductor power switches used in converters.

Wind turbine controls is considered as pitch control
and stall control.
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Figure 5 : View of Control System
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Control of the Generator side converter

Vgs=mq *Vg*cos
Vgs=-my*V;*sin 6

Where the phase angle 0 is

dae
Q& Wpgse(Wm — 1)

The
efficiency of a wind turbine is given by

reference power to archive the maximum

2
P.fsf = T = Keyrp o

Figure 6 : Control of generator frequency
II.RESULTS AND DISCUSSION

1. Maximum Power Point Tracking System

The MPPT (maximum power point tracking) function
is to automatically adjust the generator speed to
converge to the optimum one where the generated
power is maximized. This can be obtained using PI
control with the use of the electrical power at the grid-
side instead of the mechanical power of wind turbine.
With this option, the losses of both generators and
converters will also be taken into consideration and, the
overall energy conversion can then be optimized.

2. Tip Speed Control

Here wind speed is measured my anemometer , exact
analysis is impossible due to unavailability of accurate
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wind speed hence resulting the complexity of the
system.

3. Power Signal Feedback Control

Here control of the turbine maximum speed curves
must be known. Comparing the current speed and the
stored speed curves the controller and tracks the
maximum power point.

Hill Climbing Searching Control

This control is used in small turbines and is very
similar to MPPT scheme used in photovoltaic system.
When the wind turbine speed increases, the output
power should normally increase as well otherwise the
speed should be decreased.

Sensor less Control

In the machine-side converter, control of the speed is
required to extract maximum power during speed
variation. Presence of sensors for rotor speed and
position signals has effects on cost, system size and
reliability.

IV.CONCLUSION

Wind power is the most rapid growing renewable
energy source. The permanent magnet synchronous
generator (PMSGQG) is mostly applied for variable-speed
wind energy conversion system (WECS) because of the
higher efficiency. PMSG based WECS is controlled
using Zero d axis stator control. Simulation result
shows the effective and fast response of PMSG
corresponding to changes in operating condition, so as
to maintain the demand of active and reactive power to
the grid. Wind turbine control includes the pitch control
and stall control for the control of delivering high
quality power to the grid. Various analysis like load
flow studies, short circuit and harmonic studies can
also considered for analysing the performance of
PMSG.
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