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CLASSIFICATION OF WIND ENERGY
CONVERSION SYSTEMS

The article analyzes the role, place and features of functioning of wind
power plants. Several variants of generators and schemes for converting
wind energy into electrical energy are given. A detailed analysis of existing
wind units is provided. Recommendations are given for improving the
reliability of wind power installations in smart grids.

Keywords: wind farms, wind turbines, fixed speed wind turbines,
asynchronous generator wind turbine, with dual power supply, variable.

INTRODUCTION

Kazakhstan is exceptionally rich in wind resources. About 50 % of the
territory of Kazakhstan has an average annual wind speed of 4-5 m/s, and a
number of districts have a wind speed of 6 m/s or more, which determines very
good prospects for the use of wind energy. According to some data the theoretical
wind potential of Kazakhstan is about 1820 billion kWh per year. Given the power
density of the wind farm at the level of 10 MW/km? and the presence of significant
free spaces, it is possible to assume the possibility of installing several thousand
MW of wind farm capacity in Kazakhstan.

Research object: wind generators for autonomous power supply systems.

Subject of the study: modern structures for building a wind generator.

Purpose: show the most efficient wind generator systems. Analyze the role
place and features of functioning of wind power plants.

Objective: factors for improving the reliability of wind power plants in smart
grids.

Research methods and results: analysis, description, observation.
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Various types of wind turbine-generator categories have predominated
the power system application in the last decade. These types are classified and
explained in [1] and [2].

There are different winds turbines generator are currently in use, classified
according to the combinations between their parts and the output power converted
(3, 4].

Type 1: Fixed Speed Wind Turbine Concept

Figure 1 shows a fixed speed induction generator used in WECS without
power converter interface. In this configuration a starting device and step up
transformer are used to connect the generator to the grid [5—6]. This is a primary
and oldest technology that developed the wind turbines system. In highly converted
power of WECS, the simple types of SCIG consists of 4 or 6 poles in order to
operate with the rated frequencies of 50 Hz.

| Wind

! Turbine SCIG
{ Bypass Switch
o — B8 —500)
| : Gear Box _L Transformer Grid
Soft Starter T

Power Factor
Compensator

Figure 1 — Type 3 grid-connected Fixed speed SCIG WECS

The variation in rotational speed of generator is limited and approximately
within 1 % of rated speed at different values of wind speeds. Therefore this type of
WECS is called fixed-speed [2]. Practically, a gearbox can be used for matching
the speed error between the turbine and generator. The starter device can be
bypassed after starting by a switch, where the system basically works without
need to the converter device.

This type of generator configuration draws a valuable amount of reactive
power by the grid. To recover this situation, three-phase banks of capacitors operate
as a compensator device are usually applied. The features of this configuration is
simple, reliable operation and low initial costs while the main drawbacks can be
addressed as: (I) lower efficiency in energy conversion; (II) the variations of the
wind speed will be transferred to the grid side; and finally (III) any faults in grid
side will cause huge tension on the mechanical parts of the wind turbine. This
configuration of WECS is operated with auxiliary devices, like Static Compensator
(STATCOM), in order to improve the operation performance and finally converge
the grid code requirements [1, 5—6].
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Type 2: Variable speed wind turbine with variable rotor resistance
Applying the variable speed of wind turbine generator configuration will lead

to increase the efficiency of conversion process, and decrease mechanical tension

which may be effected by the wind gusts, and finally decrease the bearings friction
and the maintenance requirements, which finally increases the life the system at all.

The wind energy system of semi-variable speed are using wound rotor type of IG

and partial 10 % of rated power conversion is shown in Figure 1. The configuration

of this type uses the principle of variation of the rotor resistance which affects the
characteristic of torque and speed of the generator and acquiring the operation
of variable speed wind turbine. The rotor resistance can be adjusted by a power
converter which consists the combination of diode-rectifier and chopper circuit.

This configuration is usually called Opti-slip control [4]. The range of speed

adjustment is limited to be within £10 % of its nominal speed. The operation

under variable speed will enable to capture wind energy efficiently, though the
existence of power losses in the generator resistance.

WRIG

Bypass Switch

—

| B

Gear Box Transformer Grid

e

Power Factor

Compensator

Variable Resistor

Figure 2 — Type 2 grid-connected semi-variable speed WRIG WECS

In this type, it is necessary to use soft starter, gearbox, and compensation
devices of reactive power.

Type 3: Doubly-Fed Induction Generator Wind Turbine

This limited-variable speed configuration WECS applying DFIG is shown in
Figure 3. The principle and operation of this type implies that the generated power
is supplied to the grid by two windings, stator and rotor. A part of the converter
rated power can be utilized in rotor circuit to recover the slip power, which is
around 30 % of the generator rated value [5-6].

Similar to those in Types 1 and 2 wind turbines, the gearbox is also used
in Type 3 configuration to obtain the required rotation speed of the rotor. At the
same time, there is no need to existence the reactive power compensation devices
and a soft starter in this type [5].
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The power converters are used to allow bidirectional power penetration in
the rotor part and increases the range generator speed.

The overall power conversion efficiency can be improved via these features
to perform Maximum Power Point Tracking (MPPT) [5, 6], and increase in the
speed around 30 %, may enhance the dynamic performance and strengthen the
robustness against the system disturbances which are not available the Types 1 and
2 turbines [5—6]. These features enabled this type of induction machine to be one
of the dominating technologies in modern electric market sharing approximately
50 % [6]. The capability to FRT is limited because the partial transfer of power.
Existing of the gearbox will increase the weight of the system and overall turbine
cost as well as demanding continuous maintenance.

r/7a
r/

¥ ———pf— Filter

Reduced Capacity 30% Iransformer  Grid
Power Converter

Figure 3 — Type 3 grid-connected semi-variable speed DFIG WECS

Moreover, the brushes and slip rings are needed to connect the power
converter to the rotor windings through them. Regular maintenance is fundamental
in these types of turbines due to ageing of brushes approximately is 6—12 months,
that should be replaced periodically.

These main drawbacks restricted these types of turbines being used in offshore
wind farms due to highly expensive maintenance cost.

Type 4: Variable Speed Wind Turbine with Full-Scale Converter

Using of full-scale 100 % power converters will greatly enhance the
performance of WECS as shown in Figure 4. The types of SCIG, WRSG and
PMSG can be applied in this configuration with a wide range of power rating
reach to 8 megawatts. Since the rating of the power converters should be the same
as generator rating, therefore the cost, complexity of system configuration and
then the size will be increased. For this reason the losses of power converters are
higher causing reduction in the efficiency of this type [5-6].

However, in this type of full power conversion, the generator and converters
are fully separated from the grid, and generate full rated power during the
operation at wide range of rotor speed 0 to 100 %. The power converters is also
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needed to compensate the reactive power and obtain smooth active power [4]. The
efficiency of WECS is higher in these turbines than other types [5—6]. The best
FRT compliance also can be improved and obtained without external equipment.
Although the power converter cost is slightly high, it will be a small fraction;
within 7 %—12 %; of overall equipment cost. By using high number of pole pairs
for all types of PMSG, the turbine gearbox can be deleted [3—4].

This type of WECS is more strong against power system disturbances in
comparison with the types 1, 2, and 3 wind systems.

The principle of distributed drive train is applied in developed large scale
Type 4 wind system. Although WRSG and SCIG can be applied in this principle,
the PMSG showed good operational performance because it removes the slip rings
and brushes which provides simple design [2]. The gearbox is capable to drive
multiple generators at higher speeds, therefore high power density can be obtained
by the distributed drive-train and multiple generators.

Some configuration also shows effective fault tolerant in various operational
conditions.

The other three converters can still deliver the power to the grid in case of
failure of one converter [2]. Applying a multi-winding transformer on the grid-side
leads to minimize the circulating currents and reduction in harmonics. Complicated
drive-train regarded as the main disadvantage with this configuration, for this
reason the designers use multi poles generator to keep the angular frequency
within the rated value and eliminate the drive train.

Full Capacity 100% Iransformer Grid
Power Converter

Box(Optional PMSG

with SG) :

WRSG

Figure 4 — Type 4 grid-connected variable speed WECS

Comparison between WECS types

The Type 3 turbines (DFIG) have been used by seven manufacturers among
the top ten companies because it hold the highest market share. Approximately
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100 various types of DFIG turbine models are utilized and manufactured by all
the wind turbine companies.

Few of these companies produce Type 4 turbines, however very little of them
are dealing with direct drive solutions. It is shown by review that the best selling
and utilization of wind turbines in the electric power markets use Types 3 and 4
technologies. It is expected during coming few years that Type 4 configuration
would dominate the electric power market and will have main priority in the future
projects which will be held by the manufacturing companies. A brief description
of all types of turbines and their manufacturing companies have been explained
in detail in [7-8].

The comparison have been made depends upon electrical issues such as
generator; power converters; capacity of power converter; and external reactive
power compensation; compliance with the fault ride-through requirement;
requirement for soft-starter, and mechanical and control issues such as gearbox and
MPPT ability; acrodynamic power control, speed variety achievable; technology
situation; and market penetration.

Generally, the Types 3 and 4 turbines are most suitable for large scale power
grid connection and their utilizations.

Conclusions

A fixed speed induction generator used in WECS without power converter
interface draws a valuable amount of reactive power by the grid. The features of
this configuration is simple, reliable operation.

Applying the variable speed of wind turbine generator configuration will lead
to increase the efficiency of conversion process, and decrease mechanical tension
which may be effected by the wind gusts, and finally decrease the bearings friction
and the maintenance requirements, which finally increases the life the system at all.

Doubly-Fed Induction Generator Wind Turbine. The overall power
conversion efficiency can be improved via these features to perform Maximum
Power Point Tracking (MPPT), and increase in the speed around 30%, may
enhance the dynamic performance and strengthen the robustness against the system
disturbances which are not available the Types 1 and 2 turbines. Existing of the
gearbox will increase the weight of the system and overall turbine cost as well as
demanding continuous maintenance.

Type 4: Variable Speed Wind Turbine with Full-Scale Converter

Using of full-scale 100 % power converters will greatly enhance the
performance of WECS Although the power converter cost is slightly high, it will
be a small fraction; within 7 %—12 % of overall equipment cost . By using high
number of pole pairs for all types of PMSG, the turbine gearbox can be deleted.
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This type of WECS is more strong against power system disturbances in
comparison with the types 1, 2, and 3 wind systems.

It is shown by review that the best selling and utilization of wind turbines in
the electric power markets use Types 3 and 4 technologies. It is expected during
coming few years that Type 4 configuration would dominate the electric power
market and will have main priority in the future projects which will be held by
the manufacturing companies.
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Maxanaoa sicen snepeemuxanbix KOHObIPbLIAPbIHBIH POJLi, OPHbL HCOHE
Jrcymblc icmey epekuienikmepi maioanaosl. I enepamopnapoviy opmypii
HYCKAapbl JHCOHE JICEN IHEPSUSCHIH DNEKMP IHEPIUSICLIHA MYPIeHIpY
cxemanapul keamipineen. Konoanvicmazul gicen azpecammapvina
ezoiceli-mezoicelii manoay Keamipineen. 3usmrepiik sceninepoeci e
IHEP2eMUKANbIK KOHObIP2LLIAD JHCYMbICHIHBIY CEHIMOLNIZIH apmmulpy
botibiHua ycviHbicmap Oepinoi.

Kinmmi ce3dep: dicen anexmp cmanyusiapol, srcen mypounaiapul,
bencinenzen aumany JKHcblIOAMObI2bl Oap JHcen mypounaiapel, icel
MYPOUHACHIHBIY ACUHXPOHObL 2EHEPAMOPbI, KOC KYAMmbyl, AYbiCHATbL.

B cmamve nposeden ananuz poau, mecma u ocobennocmei
DYHKYUOHUPOBAHUSL 6EMPOIHEPLEMULECKUX YCIMAHOBOK. J{aHbl pa3iuyHbie
B8APUAHMbL 2EHEPAMOPOB U CXEMbl NPEOOPA306aANUs IHEPLUU 8eMPa 6
aneKmpuyeckyio snepauio. Ilpugeden 0emanbHblli AHAIU3 CYUECTNBYIOUWUX
6emMpobIx azpecamos. [lanvl pexomeHoayuu no NOSLIUEHUIO HAOEHCHOCTNU
pabomul 6empodHEP2eMULECKUX YCMAHOBOK 8 UHMENIEKMYAIbHbIX CEMSIX.

Kniouesvle crnosa: semposnexmpocmanyuu, empomypounbsl,
6empomypounbl ¢ PUKCUPOBAHHOL CKOPOCHBIO 8PAUEHUS, ACUHXPOHHDLIL
2enepamop 6empomypouHvl, ¢ 08OUHbIM RUMAHUEM, NHePEMEHHAS.
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