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ABSTRACT

The objective of this Project is to study the connection of a wind farm to the electic
grid of Wales. This report also contains all the information necessary to understand
the calculations made and know where they come theoretically. This document
would include the study of how a wind turbine works, the elements those compose it,

its principle of operation as well as different kinds of existing generators.

Having explained this, this project will focus on the study of the connection of a
concrete wind farm to the electric network of Wales. In one hand also will be
described the connection requirements and performance that must meet the wind
farm. In the other hand, this dissertation will try to characterize the interaction of a

wind power park via a digital simulation (Matlab- Simulink).
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CHAPTER 1: INTRODUCTION

This dissertation consists of the study of the connexion of a wind farm to the electric
grid of Wales. To achieve this goal is necessary to do a complete research about

what parameters of supply quality which must meet the wind farms in Wales.

It will be studied the case of a 15 MW wind farm comprising by 10 horizontal axis

wind turbines with three blades upwind, variable speed, rated power of 1,500 kW,
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rated voltage of 12 kV and frequency of 50 Hz. The generator is asynchronous,

variable speed and wound-rotor doubly-fed.

It will be analyzed the different responses of the system when the wind farm is
connected (dynamic regime) and in normal operation (static regime), In order to
complete this study will be used a digital simulation through the Matlab program and

the effects that will be modelled will be the following:

Flicker emission during continuous operation.

Flicker emission during connection operations.

Variations in tension during connection operations.

Harmonics.

Other parameters that will be considered will be:

e Thermal capacity of the lines.

Static tension in the point of connexion.

The need for compensation of reactive energy.

Adequate protections.

Amount of power discharged into the line.

1.1. - AIM

The main objective of this project is to study the possibility of installing a wind farm in
Wales, but the ultimate goals is to understand how a wind turbine works, which are
the necessary parameters to be considered and how a wind farm interact whit the
electric grid. It is also a good goal to understand the Matlab program and be able to

do simulations with it.

1.2. - OBJECTIVES

The objectives of this project are the next:

1.2.1. - Research:
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e Types of wind turbines.

e Components of wind turbines.

e Operation of a wind turbine.

e Current situation of wind energy in Wales.

e Terms of connecting an electric park in Wales.

e Matlab program. How it works.

1.2.2. - Design:

e Modelling of a system formed by the electric power grid and wind farm, and
further study of its response under either dynamic or static regime, using

Matlab program.

1.2.3. - Conclusions.

1.2.4. — Working plan.

December:

Week 7-13, 14- 20: - Finish the report of chapter two. Types, components

and operation of wind turbines.

Week 21-27: « Gather information from current situation of wind energy in

Wales.

* Record results in the logbook.

Weeks 28-3: « Investigate the various disturbances that can occur in an electrical

network.
January:
Week 4-10: « Investigate the various disturbances that can occur in an

electrical network.

GLYNDWR UNIVERSITY
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Week 11-17: - Kinds of disturbances that produce wind farms on electric

network.

Week 18-24: « Determine the parameters to take into account to make the

connection of a wind farm to the electric grid.

Week 25-31: « Determine the parameters to consider when the park is

connected and in normal operation.
February:

Week 1-7: » Technical requirements for connecting wind generation in
Wales.

Weeks 8-14, 15-21, 22-28: + Learning to use Matlab Program.

March:

Weeks 1-7, 8-14, 15-21, 29-4: » Design a model of a wind electric connection

to the electric network using Matlab Program.
April:

Weeks 5-11, 12-18: « Test the model using actual data and measure the

response of the network. Test the model in different situations.

Weeks 19-25, 26-2: » Conclusions.

May:

Weeks 3-9, 10-16: » Make the final report providing several annexes, revising

all references and bind the entire project.

Weeks 17-23, 24-30: * Printing and final revision.
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CHAPTER 2. REVIEW OF LITERARTURE. WIND
TURBINES. WIND POWER BACKGROUND

2.1. - TYPES OF WIND TURBINES.

Currently there are a huge variety of models of wind turbines, different from each
other both by the power supplied and the number of blades or even by way of
producing electricity (single or in direct connection to the electric grid). You can set
different classifications:

2.1.1. - According to the size.

Small size wind turbines. This group are considered when the power is below than

30 kW. The major manufacturers are in USA (Bergey, Atlantic Orient, etc.).

Medium _size wind turbines. It is the most developed and extended. His

power is between 30 and 600 kW. The Europeans manufacturers are who dominate
the market for this type of machine (NEG MICON, VESTAS, ENERCON,
GAMESA MADE, etc.).

Big size wind turbines. They are machines with a power above than a megawatt,
this kind of turbines represents the latest technology and all the most important

manufacturers develop this machine.
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2.1.2. - According to the design.

There are two kinds of wind turbines, the vertical axis design and the horizontal axis

design. The vertical axis type is designed like an egg-beater.

' i

PO

Figure 2.1. Vertical and horizontal axis designs.
2.1. 1. - The horizontal axis design has other classifications:

2.1.1.1. - According to the direction of the wind turbine to the wind.

This is only for horizontal axis wind turbines. The turbine can be windward or
leeward. The assembly formed by the nacelle and the rotor can be downwind
(leeward), which is his natural position, or against (windward), being the second

most common.

GLYNDWR UNIVERSITY 14


javascript:void(0)

—

AAAAAAAA LA
AAAAAAA A

-

leeward windward

Figure 2.2 — wind turbine types depending on the orientation.

2.1.1.2. — Depending on the number of the blades.

One, two or three blades. In machines of medium and high capacity the most

common is the three blades machine.

Figure 2.3. — Wind turbine types depending on the number of the blades.

2.1.1.3. — Depending on the type of generation.
1. Fixed speed with directly grid-coupled (asynchronous) squirrel cage induction
generator.

2. Variable speed with doubly fed induction generator
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3. Variable speed based on a direct drive synchronous generator.

1. A fixed speed turbine consists of a rotor and a squirrel cage induction
generator, connected via a gearbox. The generator stator winding is connected to
the grid. The generator slip varies with the generated power, so the speed is not,
in fact, constant; however, as the speed variations are very small (just 1-2%), it is
commonly referred to as a ‘fixed speed' turbine. A squirrel cage generator always
draws reactive power from the grid which is undesirable, especially in weak
networks. The reactive power consumption of squirrel cage generators is

therefore nearly always compensated by capacitors.

Squirrel cage
induction Grid

n generation

Compensating
capacitors

“ Gearbox
Rotor

Figure 2.4. — Fixed speed with directly grid-coupled (asynchronous) squirrel cage

generator.

2. In avariable speed turbine with doubly fed induction generator, the converter
feeds the rotor winding, while the stator winding is connected directly to the grid.
The electrical rotor frequency can be varied by this converter, thus decoupling
mechanical and electrical frequency and making variable speed operation
possible. In a variable speed turbine with direct drive synchronous generator, the
generator and the grid are completely decoupled by means of a power electronic

converter, also allowing variable speed operation.
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Figure 2.5. — Variable speed with doubly fed induction generator.

Rotor

Converter

qA u. |
K} {“’)

Direct drive
synchronous
generater

Figure 2.6. — Variable speed based on a direct-drive system and synchronous

generator.

The wind turbine that will be used in this project will be the AW-3000. This is a
horizontal shaft wind turbine, with three blades, variable speed, rated power of 3000
kW, rated voltage of 12 kV and available for electricity generation in frequencies of

50 or 60 Hz (we use the 50 Hz frequency).

GLYNDWR UNIVERSITY 17
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2.2. - COMPONENTS OF WIND TURBINES

The operation of the wind turbine is roughly as follows: The blades through the pitch
control system get a variation of its resistance to the wind according to need. When
the wind strikes the blades throughout the hub and the blades begin to turn up to a
maximum speed of 30 rpm. This shift is multiplied x50 gear in the gearbox and the
generator is transmitted through a coupling. The generator through this turn
produces electricity at low voltage. This is achieved by introducing energy to the
electricity grid through a power converter and a processor that goes from low to high

voltage.

Main Components

@ Rotor blades @ Main shaft © Generator coupling @ Generator ® Yaw bearing
@ Hub © Gearbox © Cooling radiator ® Yawdrive O Tower
© Control system monitoring © Disk brake © Wind measuring system ® Hydraulic system

Figure 2.7. — Main components of a wind turbine.

The wind turbine parts that make the process are:
1. Blades:

The system consists of 3 blades of 48.8 meters each and made of polyester-
reinforced fiberglass and coated with a special surface protection. The blades are
attached to the blade bearing and the bearing in the hub. Each of these unions is
consisting of high-strength bolts. Equipped with an independent pitch system that

allows the pitch angle of each blade to turn on its horizontal axis, to optimize the
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regulation of capacity generated at high winds and increases the safety of the
aerodynamic braking system.

Figure 2.8. — Wind turbine blade.
2. Hub:

The hub is the centerpiece to which the blades come together and within it lays the
Pitch system mechanism that causes vary the angle of attack of the blades. This

mechanism consists of a triangular piece of metal that drives the movement of 3 rods
(1 per blade).

Figure 2.9. — Wind turbine hub.

3. Control system monitoring.

4. Main shaft.

It is the hub that supports all efforts. It is joined in the hub and is lean on two
bearings housed in a cast iron stand.

GLYNDWR UNIVERSITY 19
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5. Gearbox.

There are with parallel axes or planetary stages. It multiplies the turn of the rotor by

50. In front is connected to the main and slow axe and behind is connected to the

speed shaft through a coupling. It is resting on shock absorbers in the frame.

Figure 2.10. — Wind turbine gearbox.

6. Disk brake.

Figure 2.11. — Wind turbine disk brake.

1. Generator coupling.

It is a coupling that permits transmission of the rotation with small misalignment
between the gearbox and generator.

2. Cooling radiator.

GLYNDWR UNIVERSITY 20
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Through a heat exchanger the lubricating oil of the gearbox is refrigerated.
3. Wind measurement system.

The anemometer provides the data control system of wind speed and wind vane will
mark the direction. Both have electric heaters to prevent freezing in winter.

Figure 2.12. — Wind turbine anemometer and wind vane.

4. Generator.

Double-fed, three-phase asynchronous induction generator with wound rotor and
excitation by collector rings. Generates at medium voltage (12 kV), which reduces

losses and avoids the need for a transformer.

11. Yaw drive.

Yaw system uses a gear ring integrated into the tower and six geared motors

integrated into the nacelle.

GLYNDWR UNIVERSITY 21
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Figure 2.13. — Wind Yaw drive.

12. Hydraulic system.

It provides hydraulic pressure for regulating the pitch and the brake disc.

Figure 2.14. — Wind turbine hydraulic system.

13. Yaw bearing.

A sensor monitors the laps while the gondola tour guides. The sensor has an on-the
rolling of power cables which running down the tower. When it comes to 3 turns the
machine automatically unrolls. Yaw system uses a gear ring integrated into the
tower.
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14. Tower.

Concrete tower consists of five sections (100 m). A lift for safe and easier nacelle

access is available as an option.

15. Nacelle.

The nacelle is made from fiberglass reinforced polyester. It has a spacious interior
with easy access to the hub and the top part. It has a Crane to hoist materials up to
500 kg (1100 pounds) and a robust double frame that reduces the stress on the drive

train.

Figure 2.15. — AW-3000 Wind turbine nacelle.

2.3. — OPERATION OF A WIND TURBINE.

The air is a fluid its particles are in gas form. When air moves quickly, in the form of
wind, those particles are moving quickly. Motion means kinetic energy, which can be
captured, just like the energy in moving water can be captured by the turbine in a
hydroelectric dam. In the case of a wind-electric turbine, the turbine blades are
designed to capture the kinetic energy in wind. When the turbine blades capture
wind energy and start moving, they spin a shaft that leads from the hub of the rotor
to a generator. The generator turns that rotational energy into electricity. At its
essence, generating electricity from the wind is all about transferring energy from

one medium to another.

Wind power all starts with the sun. When the sun heats up a certain area of land, the

air around that land mass absorbs some of that heat. At a certain temperature, that
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hotter air begins to rise very quickly because a given volume of hot air is lighter than
an equal volume of cooler air. Faster-moving (hotter) air particles exert more
pressure than slower-moving particles, so it takes fewer of them to maintain the
normal air pressure at a given elevation (see How Hot Air Balloons Work to learn
more about air temperature and pressure). When that lighter hot air suddenly rises,
cooler air flows quickly in to fill the gap the hot air leaves behind. That air rushing in
to fill the gap is wind. And if you place an object like a rotor blade in the path of that
wind, the wind will push on it, transferring some of its own energy of motion to the

blade. This is how a wind turbine captures energy from the wind.

The equation (1) indicates that wind power is proportional to the area swept by the

turbine rotor.

Pviento=1/2 A -p- V3 (1)
A :area.
p: density of wind.
V: speed of wind.
P wind: power of the wind.

For our turbine: horizontal axis turbine, this area A is circular, A = (1 / 2) D? and
therefore the power in wind is proportional to the square of the diameter of the
blades; doubling the diameter of the blade increases the power available in four in

the wind.

The power regulation is determined by the pitch of the blades and also is regulated
by the speed of a microprocessor-controlled generator. At low speeds the blade is
oriented so that presents a large area in view the prevailing wind direction. As wind
speed increases, this surface is reduced by changing the angle of orientation. If wind
speed exceeds 25 m / s, the blades are rotated completely to offer the least possible
resistance to wind and stop rotating as a security measure. The range of output, thus

a wind turbine extends from 4 m /s to 25 m /s or so (see figure 2.16.).
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Figure 2.16. — Wind turbine power curve.

When the wind turbine detected in any direction by the wind speed sensor

(anemometer), the controller performs the following commands to the wind turbine:

Between 2 to 3 m / s. Send the order to position themselves against the wind. This

order is called orientation of the turbine.

From 3 m / s. the microcontroller gives the order to turn off the brakes to allow the

rotation of the turbine and start turn by the only effect of the wind.

In variable pitch, the computer also sends the command to the blades for taking a
position progressively of 90 ° to 0 °. The connection of the generator to the grid is
smooth, counting with the electronic power using thyristors. When connecting (it
lasts 3 to 4 seconds), is generator connected directly to mains via a switch. In our
wind turbine, with variable Pitch the turbine control is done by taking action at the
angle passing, catching or limiting the power extracted from the wind. The speed of

generation can vary.

In the present project it will be analyzed the different responses of the system when
the wind farm is connected. To do this is necessary to know the grid connection

requirements for wind power technology (grid codes), concretely, the Wales grid
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code, because our wind farm will be connected there. So the next chapter will talk

about it.

We can see in the figure 2.17. that the generating power in a wind turbine is not
constant. This is because the energy depends on the wind speed which is variable
with the turbulences of the wind. The power also depends in the position of the

blades and when this energy goes through the impedances the voltage can vary.

red
eléctrica

' t
o @
Zred

Figure 2.17. — Variation of the electric power in a wind turbine.
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CHAPTER 3: GRID CONNECTION REQUIREMENTS FOR
WIND POWER TECHNOLOGY IN WALES.

The connection issues for the network are related to grid stability which is influenced
by power flows and wind farm behaviour in case of network faults. Advanced
simulation tools have been developed in recent years to investigate network stability
in critical conditions, thereby simulating the behaviour of wind power plants with their
specific control properties. The addition of wind power to these networks creates
new loading situations, changed power flow directions etc. which affect operation of
network control and protection equipment, and necessitate modification of design
and operational practices.

The grid connection rules and system stability is discussed in paragraph 3.1. Power
Quality for wind power plants in Wales are described in paragraph 3.2..Wind energy
technology solutions for grid integration are presented in paragraph 3.3. Finally, the

study of our concrete case are analyzed in the chapter 4 and 5.

3.1. - GRID CONNECTION RULES AND SYSTEM STABILITY IN
WALES.

When you connect a wind farm to the electric grid a change in the load grid voltage
is produced. Because of that, a careful voltage management is required in order to
achieve a correct operation of the electric network. So the voltage control is one of
the most important activities when you connect the wind plant and a deeply
understood of the interaction between the electricity grid and the farm and their
effects on the dynamic system is necessary. This control is doing by the
Transmission System Operator (TOS) which is a company that is responsible for the
operating, maintaining and developing the transmission system for a control area

and its interconnections.

There are some methods to study the dynamic interaction of wind power farms and
grids. The present dissertation will tried to study with one of these methods the
particular case of connection in the country of Wales, concretely in the North of the
country. To achieve that it should be described all the parameters that the British

legislation requires and also is needed to know about the particularly electricity
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networks that exits there. In order that the following paragraph will describe the

characteristics and peculiarities of the electric network of Wales.

The transmission system operator imposes the requirements that the wind farm
needs to fulfill. Those grids codes are different and specifics in each country and
they are very important in order to keep the proper operation of the electric system
and to avoid negative impacts on the electric network. Nowadays in Europe there are
many countries whit high technology and this specific rules and codes are being
developed quickly. This fact allows a larger implantation of wind energy and a better

maintenance of the system.

The electric power system can be divided into the distribution, sub-transmission, and
transmission systems. Firstly the transmission system connects electric power
generating stations, like wind power farms, and large substations. The most common
transmission voltages in use are 400 and 275 kV. In these substations called Grid
Supply points, the sub-transmission system transmits the energy for regional
distribution and usually it uses overhead lines with operating voltage of 132 kV.

Finally the system which carries energy from the local substation to individual
customers is called the distribution system. The voltage usually is reduced o 33KV or
11 KV.

The energy is transported in the way of three-phase alternating current (AC) at 60 or
50 Hz. Here in Wales is used 50 Hz.

The current operator company in Wales is Scottish Power Ltd. A member of this
company is SP Manweb. Its distribution system is connected to National Grid’'s

electricity transmission system.

There are also connections to the Electricity North West system in the north, the
Central Network (West) system in the east and the Western Power Distribution

(South Wales) system in the south.

Like all electricity networks the demand on SP Manweb distribution varies throughout
the day and also over the season. Peak demand on the system generally occurs on
a weekend in mid winter and the minimum demand during the summer. The

maximum system demand for the SP Manweb area for 2008/09 was 3288MW on

GLYNDWR UNIVERSITY 28



Tuesday 6th January 2009 within the half hour ending 17:30 hours. Over the five year
period of this Plan, it is estimated that the winter peak demand for the SP Manweb

area will increase to 3381 MW. [1].

% In order to integrate a wind farm correctly, some aspects have to be into account:

2]

System operation: reserve capacities and balance management, short term

forecasting wind power and cross border flow management.

Grid infrastructure aspects: congestion management, specific issues of offshore,

extensions and reinforcements and interconnections.

Grid connection of wind power and system transient stability: grid codes and power

quality, wind power technology and control issues.

Contribution of wind power to systems adequacy: on generation, energy source and

transmission levels.

Market redesign issues to facilitate wind power integration: demand side
management, storage, balance settlement rules, time between schedule and delivery
at the balance market, etc.

Institutional issues: vertical integration, legal and ownership unbundling, incentives of
stakeholders, non discriminatory third party grid access, socialization of costs and

change in approach and attitude.

3.2. —INTERACTION WITH THE GRID

The interaction of one wind turbine with the electric network produces the following

effects:

The generator effects about the electric grid:
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P, Q
Figure 3.1. Interaction of the wind farm to the grid.

The active and reactive power has a strong dependence of the wind turbine. The

quality of the supply also depends on it.

The grid perturbations to the wind turbines:
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Figure 3.2. Interaction between the grids to the wind farm.

In other side, the grid perturbations affect to the wind turbine and the level of voltage

is important in this case.

The power fluctuations produce variations of the current injected into the power grid.
This current, passing through the network impedances cause falls (or rises) from

impedance voltage network.
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3.2.1. — Energy produced by a park

In a wind farm the energy produced by different generators are added and the
average energy of the park is the sum of the average energies of each generator but
the fluctuations are not added because it does not occur at once in all generators.
The power fluctuations of the park are larger than those of a generator but the

fluctuation on the average power is much lower.

When a medium-big wind farm is connected to the eclectic grid the local
disturbances and the effects due to the variability of the wind are not important. Only
we have to take into account the global fluctuations of the park, much slower and

predictable.
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Figure 3.3. - The average power of a wind farm.

The figure 3.3 sows the average of a wind farm consisting in 5 wind turbines. It Is
possible to see that the average energy of the park is the sum of the average
energies of each generator. If we take different number of samples we can see that

the energy in KW*h increase with the time.

In this project the connexion to the grid is done in an overhead line with operating

voltage of 132 kV, so it means that the flicker (this phenomenon will be explained in
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the next chapter) will be low. The ten wind turbines will be connected in parallel like
the figure 3.4.

AT/ MT

Transmission
system

Figure 3.4. — Wind farm connected in parallel to the distribution system of Wales (11
KV).

The same happen to the variability of the voltage. When you increase the number of
the turbines this variation will decrease, figure 3.5.
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Figure 3.5. - Effect of attenuation of voltage variations in wind farms with increasing

the number of turbines.

3.2.2. — Behaviour of the turbine due to electric grid disturbances

In chapter 3.3 the requirements to connect our wind farm to the electric network of
Wales will be described. Now the main disturbances which affect the wind turbine

are presented:

The fluctuations of voltage amplitude:

With this name are known the slow variations in (RMS) voltage amplitude. These
variations are due to consumption (or generation) of active energy and especially

reactive power and by law the maximum voltage variation is ~ 10%.
Effects:
e |If the voltage increase:
If the machine is connected directly to the network — risk of saturates the machine.
If the connection is made by an investor — the investor can lose control of the flow.
e If the voltage decrease:
To get the same output more current is needed— overheating problems.

The figure 3.6 shows the fluctuations of voltage of the electric grid.
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Figure 3.6. - Fluctuations of voltage of the electric grid.
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Voltage unbalance:

It is said that the voltage is unbalanced when the three tensions in the three phases

are not equal and when the angle between them is not 120 °.
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Figure 3.7. - Balanced system.
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Figure 3.8. — Unbalanced system.
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Different consumptions in each phase— different currents — different voltage drops

in the network inductances.

Normally imbalances appear when the loads are not well distributed and when these

loads are big like electric drive systems, Arc ovens and resistance melting ovens.

Voltage dips:

The voltage dips are falls in the supply of one or more phases and its value oscillate

between 90% and 1 % of the nominal voltage within 10 ms and 1 minute. It is due a

big consumption of current due to the connection of large transformers and transient

short circuit caused by earth faults due to branches of trees, water, snow, animals,

and etc. Also the voltage dips are caused by the lightning strikes.
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Figure 3.9. — Voltage dip.

Effects:

The first effect is a reduction in power that the generator can deliver to the network,
due to the current limitation of the machine and power equipment. Until the pitch
does not react, the generator is drawing the same power of the wind but the power
evacuated is lower. The power difference is accumulated in the form of kinetic
energy in the rotor, so the rotor is accelerated. Also the auxiliary equips can be
without supply so normally power batteries are installed to supply automation,

control, etc.

3.3. — POWER QUALITY FOR WIND POWER PLANTS IN WALES.

There are some essential requirements in any national grid codes for wind turbines

that we have to take into account. They are:

e Active power control.

Several grid codes, like the Wales code, require active wind farm power control in
order to ensure a stable frequency in the system and to prevent overloading of lines,

etc.

The active and reactive power control depends of the type of the wind turbine
generator. In this case, a double fed induction generator is capable of doing a

reactive power control, fulfils the requirement of the leading power factor of 0.925
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without difficulties, but this generators may have problems with the maximum power
output when the lagging power factor of 0.85 is required. This is because in order to
fulfil this requirement the frequency increases and the rotor and stator conductors
may be damaged.

e Frequency control.

Retention of the frequency in a power system within acceptable limits to ensure the
security of supply, prevents the overloading of electric equipment, and fulfils the

quality standards.

The requirement of frequency control includes frequency response capability,
limitation of ramp rates and active power output. Frequency response is the

capability to vary active power output in response to changes in system frequency.

The extreme wind variations and during wind farms start up and shut down cause a
large frequency fluctuations and to suppress these fluctuations the Code impose a

limitation of positive and negative changes of active power output (ramp rates).
The nominal frequency is normally maintained within a narrow band.

Any deviation from the planned production or consumption moves the frequency
away from its nominal value. If the deviation is big enough, the frequency falls out of
its normal range and the proper operation of the power system may be damaged.

Other problem with the abnormal frequencies is that the useful lifetime of the
insulation of the wind generator will be reduced because of the increase of the
temperature in the generator windings. Also the power electronics could be

damaged.

Long time ago, when the frequency drop the wind turbines was always
disconnected, but because of the increase of the wind turbines farms, this might
affect the system’s ability, so nowadays the grid code require wind turbines to stay

connected and operate at a wider frequency band.

The next figure shows the requirements for frequency range in which power
production units should stay on-line. Areas marked in blue depict frequency ranges

where wind turbines should be able to operate continuously at full power output. Red
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frequency ranges require (time, power output or both) the limited operation of wind
turbines, where they should stay connected to contribute to frequency restoration
and stable power system operation. The synchronous zones of the UK and Ireland
(Figure 3.10) are smaller and having less inertia to prevent large frequency changes.

Figure 24:
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Source: A. Badelin ISET, 2005

Figure 3.10. - Requirements for frequency range in which power production units
should stay on-line. [3]

e Voltage control.

This implies requirements for reactive power compensation. The grid codes says is
an obligation for wind turbines to operate in a specific range of voltage, to maintain
the terminals in a constant voltage too and also is an obligation to stay connected
during voltage step changes within the voltage ranges specified.

Other requirement is the wind turbines must be able to supply a proportion of the

system reactive capacity and to maintain the reactive power in a good balance.
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In this project each individual wind turbines control their terminal voltage to a
constant value by means of an automatic voltage regulator. This regulator controls
how much reactive power absorbs the generator, protects it especially when a
transmission system fluctuation happens. This win farm is capable via its voltage
regulator system to control the voltage at the point of connection to a predefined set

point of grid voltage.

e Voltage guality.

Rapid changes of voltage, flicker, harmonics, etc. All these perturbations will be
described later.

e Tap-changing transformers.

The grid code requires that wind farms are equipped with tap-changing grid
transformer in order to be able to vary the voltage ratio between the wind farm and

the grid in case of need.

e \Wind farm protection.

A relay protection system should be present to act for examples in cases of high
short-circuit currents, under voltages, over voltages during and after a fault. This
should ensure that the wind farm complies with requirements for normal network
operation and supports the network during and after a fault. It should equally secure
the wind farms against damages from impacts originating from faults in the network.
The so-called fault ride trough (FRT) requirements fall under this category. In the

past all wind turbines had to disconnect during faults but now this not happen.

e Wind farm modelling and verification.

Some codes require wind farm owners/developers to provide models and system
data, to enable the operator to investigate by simulations the interaction between the
wind farm and the power system. They also require installation of monitoring
equipment to verify the actual behaviour of the farm during faults, and to check the

model.

e Communications and external control.
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Unlike the requirements above, national codes are quite unanimous on this point.
The wind farm operator should provide signals corresponding to a number of
parameters important for the system operator to enable proper operation of the
power system (typically voltage, active and reactive power, operating status, wind
speed and direction, etc.). Moreover it must be possible to connect and disconnect

the wind turbines externally.

Obviously the wind farm of this project will satisfy these requirements. As it is said
before the main objective is to develop this suitable model of simulation using
Matlab. So the following information is about the possibly disturbances which may

occur in the normal operation of the wind farm.

There are various types of disturbances that occur in a distribution network as part of

the natural operation of the system. These are:
e Flicker.

Voltage flicker is referred to rapid variations in the voltage level on a distribution
system. These perturbations are caused by the continually change of the electric grid
loads like the frequent switching operations and cyclic variations in embedded

generator output currents.

e \Voltage step changes.

Voltage step changes occur due to load and generation variations, the operation of

tap changers and when the network is reconfigured.

e Voltage dips.

Voltage depressions or dips generally occur due to faults either on the customers
own installation, other customer installations, or in the public distribution system due
to insulation failure or weather conditions. These disturbances are unpredictable and

there no exits specific statutory or license requirements related to voltage dips.

e Short/long term interruptions.

This type of interruption is usually due to grid faults and the associated auto reclose
or sequence switching. These interruptions can be typically a few tens annually.
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Approximately 70% of them have duration of less than 15 seconds for networks
below 132 kV and less than 60 seconds for 132 kV networks. Some interruptions
may be longer than a minute and are difficult to give exact durations as they are
usually weather related, or due to other external causes.

e Spikes and surges.

Voltage transients or spikes on the supply system are variations from the normal

sine wave value.

They usually affect the LV system and are of very short duration. Typically they vary
from 100V to 6000V and are of less than a few milliseconds. Typical causes are the
operation of capacitors, fuses, opening of contactors, switching of motors or
household appliances. Such spikes are mainly produced by the customers’ own
installations and are rapidly attenuated, rarely penetrating through the distribution

transformer.

e Voltage unbalance.

Unbalance in a three phase supply is normally attributable to unbalanced loads
and/or impedances.

e Harmonics.

Any non-linear device which take current from or injecting current into the power
system will introduce a harmonic current component which will show as distortion of

the voltage waveform.
The typically devices which make these perturbations are:

o Converter equipments, i.e. inverters, UPS's, TV's,
Switched power supplies, Wind
o Turbine generators can contain large inverters, ranging from 30-
100% of their rating.
o Magnetic Devices, i.e. Transformers.

o Non-Linear loads, i.e. Arc furnaces, dc electrolytic processes.
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These incidents cannot be eradicated completely, so that, the United Kingdom

Distribution Code imposes obligations to the customers, in our case the wind farm,

when you want to connect something to the network. In addition it requires their

installations to comply with the following industry standards [3]:

Engineering Recommendation G5/4 Planning levels for harmonic voltage
distortion and the connection of non-linear equipment to transmission and
distribution systems in the United Kingdom.

Engineering Recommendation P28 Planning limits for voltage fluctuations
caused by industrial, commercial and domestic equipment in the United
Kingdom.

Engineering Recommendation P29 Planning limits for voltage unbalance in
the United Kingdom for 132kV and below.

Other standards and codes that a wind farm must fulfil are the next:

The United Kingdom code for connection to transmission level.

e Document reference: Engineering Recommendation G75/1

e Title: Recommendations for the connection of embedded generating
plant to Public distribution systems above 20kV or with outputs over
5MW.

e Reference, year: Electricity Networks Association 2002.

e Scope: Large systems of generation.

The UK code for connection to distribution level follows the next
legislation, there are two documents:

Document a): Engineering Recommendation G59/1.

Title: Recommendations for the connection of embedded generating plant
to the Public Electricity Suppliers distribution systems.

Organisation: Electricity Networks Association 1991.

Scope: Embedded (distributed) generation, small systems.

Document b): Engineering Recommendation G75/1.

Title: Recommendations for t he connection of embedded generating plant

to Public distribution systems above 20kV or with outputs over SMW.
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e Organisation: Electricity Networks Association 2002.

e Scope: Embedded generation (large systems).

3.4. — WIND ENERGY TECHNOLOGY SOLUTIONS FOR GRID
INTEGRATION.

The grid code imposes requirements on wind farms at the point of grid coupling. The
wind farm controllers almost achieve this but individual wind turbines sometimes also
have to fulfil certain requirements. A data acquisition system records the main
parameters from the individual wind turbines and from the point of grid coupling. The
values which are measured are then used to determine the optimum set points for

the individual wind turbines for any electricity grid and weather conditions.

This technique of centralised monitoring and control, based on advanced information
and communication technology, allow wind farms to perform various control
functions of conventional power plants. In this way, virtual power plant properties [4]

are achieved. Major important control functions are:

e Voltage control.
e Active power limitation.
e Ramps rates control.

e Balancing (primary and secondary frequency control).

The wind farm of this project has a control system called Ingecom-W with a master
processor of 80 — 386 bits. With this kind of controller all the corrections in order to
achieve the maximum efficiency are done. For example if the wind increases the

controller give a signal to the pitch to change the position of the blades.
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CHAPTER 4. - DESIGN

This is one of the mains chapters of the project. In it the description of the wind farm,

the electric network and the model is done. To know the response of the wind farm is

necessary to know the parameters of the wind turbines, the grid and also is very
important the knowledge about the program software. All the model is based in the

figure 4.2.: TheSingle-Line diagram of the wind farm connected to the transmission

system of Wales at 132 KV.

The parameters needed to introduce in the model are attached in the appendix d.

And the results of this model are discussed in the chapter 5: Discussions and results.

4.1. — DESCRIPTION OF THE WIND FARM.

The wind farm of this project has the follows characteristics:

«» Number of turbines: 10

0,

% Total Rated power: 30,000 KW
% Distance of the feeder line: 10 Km
s Type of wind turbine:
o Power:
¢ Rated power: 3000 KW.
¢ Rated wind speed: 11.7 m/s
¢ Cut-in wind speed: 4.0 m/s
¢ Cut-out wind speed: 25.0 m/s
o Rotor:
¢ Diameter: 100.0 m
¢ Swept area: 7,853.98 m?
¢ Number of blades: 3
¢ Rotor speed: 14.2 rpm
¢ Material: carbon fibre reinforced plastic
o Gear box:
¢ Type: combined spur / planetary gear, 2 planetary / helical
¢ Stages: 3

¢ Ratio: 1:77
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o Generator:

¢

¢
¢
¢
¢

Type: asynchronous, double fed induction, 6 poles
Number: 1

Speed: 770 - 1,320 rpm (50 Hz)

Voltage: 12,000 V

Grid frequency: 50 Hz

o Control and protection system:

¢
¢
¢
¢
¢

¢

Power limitation: pitch

Speed control: active blade pitch control

Main brake: individual blade pitch control

Second brake system: disk brake, individual blade pitch control
Yaw control system: 6 hydraulic gear motors.

SCADA-System: OPMT

o Technical details:

¢

¢

Hub height: 100.0 m

Shape: conical

o Weight:

¢

® & & o o

Single blade: 10.4 t

Hub (incl. Installed equipment): 36 t
Rotor (incl. hub): 66 t

Nacelle (without rotor & hub): 118 t
Tower: 850 t

Total weight: 1,034 t

% Wind turbine parameters in Values Units:

® & & 6 o o o

Power base (Sbase): 1,500 KVA

Voltage base (Ubase): 12,000 V

Stator resistance (Rs): 0.00539 pu

Stator leakage reactance (Xsi): 0.09062 pu
Magnetizing reactance (Xm): 3.31065 pu
Magnetizing reactance (Xm): 0.007616 pu
Rotor leakage reactance (Xn): 0.100718 pu
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¢ Generator rotor inertia constant (Hg): 0.53273

The ten wind turbines are connected in parallel like the figure 3.4 shows. There are
processing centres inside the wind turbines; the energy produced is generated and
transported in 12,000 V and then there is an electric underground line of 1 km which
connects the wind turbines to the wind farm substation centre. Here the voltage is
increased to 132 KV to connect it to the electric regional distribution system of Wales

which is managed by SP Manweb.

The location of the wind farm is not determined yet because the study has been
done to Wales, concretely in all areas where the SP Manweb network works. The
final place will be one in which the wind conditions and environmental sustainability
are adequate. The building area of the wind farm will follow all the specifications that

mark British and European law in this regard
4.2. — DESCRIPTION OF THE ELECTRIC GRID.

The previous paragraph talks about the SP Manweb network situated in Wales. The
map attached in the appendix sows this area. The connection of the substation of the
wind farm to the distribution system will be at 12 KV and then the energy could be
connected to the transmission system at 132 KV and later is transported to others

regions. The main parameters of this network are:
Distribution system:

¢ Rated voltage: 12,000 V
e Frequency: 50 Hz

e Distance: 1 Km
Transmission system:

e Rated voltage: 132,000 V
e Frequency: 50 Hz
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4.3. — DESIGN OF THE MODEL.

The model in this project has to show the interaction between the wind farm and the
electric network. It is very important because the proper quality of the supply is very
important and both the grid and the wind farm introduce abnormal operation in the

system.

The Design of the wind model has been done with Matlab/Simulink. The objective of

this model is to be able of see the response of the system in two cases:

e Normal connection of the wind farm to the grid.

e Grid and wind turbine response when a grid fault happens.

To achieve the objective of know how our wind farm interacts with the electric grid of
Wales the flow chart provided in the figure 4.2 have to be followed. First the
simulator program is chosen; in this case the program is Matlab. Then the wind farm
has to be defined in terms of number of wind turbines, type, etc. The grid rule to
interconnect the farm has to be known too. Also is necessary to know the

characteristics in the connection point of the grid.

In the previous chapters the possible failures and issues which could happen when
the connection is done have been described, so the next step is to design the digital
model simulation. To do that is necessary to know the function transfers of all the
electric system, both of the wind farm and the electric grid. Then after doing the

changes and testing needed the final model will be achieved.

At last, with all this transfer functions and the final model simulator all the response
graphics could be done. Then the possible issues and the interconnection behavior
could be studied. If the electric system doesn’t meet all the grid requirements some

solutions will be provide
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The design of the simulation digital program has to follow the next flow chart:
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Figure 4.1. -

Flow chart.

A

The Diagram of the wind farm connected to a distribution system is shown in the fig

4.2. It is possible to see how the 30 MW wind farm is connected to the

transformation centre. The voltage of the wind farm is 12 KV and the distance of the
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line between the wind farm and the centre is 10 Km. Then this transformation centre

is connected to the distribution system at the voltage of 132 KV.

132 Kv 172 WV
1 Hm Line
Equivalent 132 12Ky _
System Ky Diztribution System dred Form
Line 1 30 MW

Transmission
system

Figure 4.2. — Single-Line diagram of the wind farm connected to the transmission
system of Wales at 132 KV

Following the flow chat the first step is to choose the simulator program. There is two
options. One is the Matlab software called Simulink. And the other one is an
application library of simulink called SimPowerSystem. The program chosen to
measure the voltage and currents of the wind turbine and the grid is
SimPowerSystem and to know the harmonic response the program used is Simulink.

The ten wind turbines are connected in paralleled to the distribution system by the
line called line 1 (Figure 4.2.). The DFIG technology (Double Fed Induction
Generator) is applied in our turbines, the Acciona AW- 3000. To extract maximum
power at different wind speeds, the speed of wind generator is required to be varied
accordingly to the wind speed. The technology of power electronics (rectifiers, IGBT-
based converters) are employed to change the rotor speed and to convert the
frequency to that required by wind speeds or grid requirements. Pitch angle of
blades of a wind turbine can be adjusted to limit the output power during the gust of

wind for protection.

A DFIG consists of a wound rotor induction generator and an AC/DC/AC IGBT-
based PWM converter. The block diagram is shown in figure 4.3.
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Figure 4.3. — DFIG block diagram.

The stator winding is connected directly to the 50Hz grid while the rotor, which is

connected to the rotor-side converter by slip rings and brushes, is fed at variable

frequency through the AC/DC/AC converter. The rotor-side and grid-side converters

synthesize an AC voltage from a DC voltage source which is acted by a capacitor. A

transformer is to step up the voltage to a distribution system [5].

As it is said before there are two cases of study: normal connection of the wind farm

to the grid and grid and wind turbine response when a grid fault happens.

4.3.1. - Normal connection of the wind farm to the grid.

It is possible to do that both with Simulink and With SimPowerSystem [6] y [7].

The Block diagram used in simulink is shown in the figure 4.4. The diagram is

able to measure the active and reactive power of a Double Feed Induction

Generator (DFIG).
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Figure 4.4. - Simulink diagram of a 3 MW wind turbine using DFIG

The diagram of the wind farm connected to the grid designed by SimPowerSystem

software of Simulink is shown in figure 4.5.
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Figure 4.5. — Diagram of the 30 MW wind farm connected to the grid by

SimPowerSystem software.

In the figure 4.4 the block diagram is able to measure the active and reactive power
of a Double Fed Induction Generator (DFIG). So this block is used to know the

response of the wind turbine because as it was said before the wind turbine used in
this project is the AW-3000 of Acciona (Characteristics provided in the appendix A).

The program chosen is SimPowerSystem software and the parameters to measure

with this diagram are:

e Wind turbine rotor currents and voltage.
e Wind turbine stator currents and voltage

e Rotor speed.

The diagram follows the Fig 29. The wind farm is connected to the grid via a line

(Line 1) of 10 Km which finish in the transformation center.

All the data menus of the block parameters are attached in the appendix 3. And all
the graphics of the system response are discussed in the chapter 4: discussions

results.

The block diagram to know the harmonic perturbation that the wind farm introduces

in the electric network is done with Simulink instead of SimPowerSystem.
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In this case of attaching electricity generating station as a wind farm network with a
harmonic content is done according with the EN61000-2-2. This standard “set” the

harmonic content in the utility grid as shown in figure 4.6.

- st rd th th th th th
Harmonic 1 3 5 7 9 11 13
number
Voltage 100% 5% 6% 5% 1.5% 3.5% 3%
Phase 178.2° 0° 0° 0° 0° 0° 0°

Figure 4.6. Harmonic content according with the EN61000-2-2 standard.

This table means that the first harmonic, also called fundamental harmonic, is the
rated voltage. It is the useful voltage and it has 50 Hz. The others harmonics has the

frequency that is achieved with this equation:
F = Harmonic number * 50 (Hz)

So the third harmonic has 150 Hz and a voltage of 5 % of the normal value. If this
value is more than 5 % the harmonic content is not meeting the standard EN61000-

2-2. And the same applies with the following harmonics.

The Simulink implementation of this harmonic voltage source is shown in figure 4.7

and figure 4.8.
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Figure 4.7. General Structure of the Harmonic Voltage Source in Simulink
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Figure 4.8. Simulink model of the harmonic voltage generator for one phase.

With these diagrams and with all the data is possible to measure the amount of
harmonics the wind farm produce to the grid. The graphics and results are in the
next chapter.

4.3.2. - Grid and wind turbine response when a grid fault happens
The wind farm has a lot of problems when a fault happens in the distribution system.
The potential consequences are the runaway of the wind turbine with subsequent
disconnection of the park or the deterioration of the quality of supply. The latter could
lead to the destruction of the power electronics present in each turbine. Therefore all
wind turbines have a sensible protection against the harmonics, the potential shorts

circuits or the over voltage or voltage dips.

The bloc diagram to simulate a grid fault is quite similar to that shown in figure 4.5,
but with the difference of the block called fault. It is possible to see this in the figure
4.9.
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Figure 4.9. — Diagram of the 30 MW wind farm connected to the grid With a Three-

Phase Fault.

In this case the parameters to study are the same that in the point 1, and to measure

the harmonics the diagrams shown in the figure 4.7 and figure 4.8 are used too. To

know the replies of the wind farm before a voltage dip the diagram is quite similar

than the figure 4.5.
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5. DISCUSSION RESULTS

In the previous chapter the block diagrams of the model have been done. In this
paragraph the results of these simulations are shown. As it is said before there are
two cases of study. First of all the normal connection of the wind farm to the electric
grid is studied. And to complete this research the second situation is about the

response of the grid when a voltage dip happens.

5.1.- Normal connection of the wind farm to the grid.

There are four values studied in this point. The stator and rotor currents, the voltage
of the wind farm, the harmonics introduced in the grid and the rotor speed of one

wind turbine.

e Stator an rotor currents:

The Figure 5.1 shows the current of the rotor and stator of one wind turbine.
Because of the parallel connection of the ten wind turbines the graphics are more or

less the same for all. So only is necessary to attached one graphic.

=TATOR CURRENT (F1I)
! .[ ‘ ! ! [
3
2 ||'|
: | | MR i :I'.P' r||"""'||"|||n|||t|' ||“I'|-'||\|'|I'I.'-|r||'-r I"I'l|||l"lllll'||' I [
|-" | L NI 11 r"l H 1l 1 | F I' i
Dl |I II'I L'.;lt'l l.'Hl. iliﬂ' l'ulh .II L""F"I”l"l'! Il."rllu'I I "I:II' 'ﬂ'u'rll Ilr' '4 i 'JII'.'Iln"iit' l-IJUI-In"I '.l“ I-I-ll i II'L IIII Vi bl ':'”
3 \ : ; ; : ; :
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TIME (SEC)

Figure 5.1. — Stator currents (pu) during balance condition.
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Figure 5.2. — Rotor current (pu) during balance condition.

As it is possible to see in the Figure 5.2 when the wind farm is connected there is a
noise at the beginning. This noise lasts 0.2 seconds and then the stator and rotor
currents of the wind farm are stabilized. This noise is due to the loads of the grid.
When other load is connected, in this case the wind farm, an unbalance condition is
made, but all the power electronics present in each wind farm correct this unbalance

and the currents can be stabilized.

e Voltage of the entire wind farm.

The wind farm is connected to a transformation centre in a voltage of 12 KV. This
centre is connected to the distributtion system at 132 KV. The voltage measured with
this figure is in the low voltage part, 12 KV. Before the connection is done the voltage
is a balanced system (figure 3.7). The three phases are balanced. It means that
there is a difference between the three phases of 120 degrees. But when the wind

farm is connected the proper balanced system is perturbed in some aspects.

The rated voltage is 12 KV (VRS). Is known that a sine wave shows the amplitud of

the signal. The rated voltage and current in an AC electric system is not the higher
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value of the sine signal. To know the value of the signal is neccesary to do the next

calculate:

higher value

V (VRS) = =

In the Fig. 32. The higher value is 20 KV at the beggining but after 0.03 seconds this
value decrease at 17 KV aprox.

20KV
VBeggining= _\/E =14.14 KV

17 KV
VNormal= T =12 KV

Is posiblle to see how the balanced system has a noise at the beggining and an
increase of 16 % (2 KV) of voltage. After 0.6 seconds the proper operation of the
wind farm and the grid is achieved. But it has to be taken into account this increase
of voltage at the beggining because all the protections have to be designed to

withstand this increase.

Other aspect to consider is that in the first cycles the signal has a noise. It is
because of the harmonics due to the conecction. In the next point this harmonics
are described and discussed.
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Fig. 32. Voltage of the wind farm in normal connection.
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Harmonics introduced in the electric grid.
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e Rotor speed of one wind turbine.

Firstly this graphic is not when the wind farm is connected. It is only the behavior of
one wind turbine when it starts to run. When the wind farm is connected all the 10

wind turbines are in normal work. This response is important when one turbine was
disconnected due to whatever reason and then it has to be connected again. In this
research it is not contemplated but is good to know the rotor speed curve of one of

these wind turbines.
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The AW-3000 is a double feed induction generator, asynchronous and with 3 pairs of
poles. It means that the rotor speed in normal connection has to be a little less than

1,000 rpm. This is because of the frequency an the pairs of poles:

Frequency (Hz)*60 50%60
Speed (rpm) = o = =1000 rpm

Due to the nature of this kind of generators there is a delay between the stator
synchronous speed and the rotor speed, so the rotor speed is more or less 980 rpm

in normal conditions; it can be seen in the Fig. 33.

Speed (rpm)
fone l ! ! ! ! ! ! 1 !

| . N B . ' . . . .

700f - ---- .: ............ R R R R R . ............ :_...: ............ LR R -

500} ------- , ............ ........... , ............ R ' ............ '_. ............ e , .......... -
00 - ............ R R R TR ............ . ............ R R P -

0 I i i i i I i i i
02 04 06 08 10 12 14 16 18 2

Time (sec)

Fig. 33. Rotor speed of a wind turbine AW-3000.
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5.2.- Response of the grid when a voltage dip happens.

This case of study is based in the replies of the Wind farm before a voltage dip. As it
is said before the voltage dips are falls in the supply of one or more phases and its
value oscillate between 90% and 1 % of the nominal voltage within 10 ms and 1
minute. It is due a big consumption of current due to the connection of large
transformers and transient short circuit caused by earth faults due to branches of
trees, water, snow, animals, and etc. Also the voltage dips are caused by the

lightning strikes.

In this case (fig. 34.) the voltage dip has a value of 80 % of the nominal value and
duration of 0.1 seconds. The current of the wind farm is measured in the
transformation centre in the low side (12,000 V). It is possible to see how the current
of the generation centre is perturbed. There is an increase of 30 % of the nominal
value. In this short period of time the current system is unbalanced. It is very harmful

for the electric system and the protections.

These currents can produce a lot of harmonics which may have different effects in

the electric system.

e The effects of harmonics on transformers are:
1. Increased copper losses.
2. Increased iron losses.
3. Possible resonance between the coils of the transformer and
the capacitance of the line.
e The harmonics produced following effects on AC rotating machines:
1. Increased heating due to losses in the iron and copper.
2. Changes affecting electromagnetic torque.
3. The efficiency of the machine.
4. The torsion oscillations of the machine.
e Losses in cables and drivers.

e Malfunction of measurement devices.

So in this case the harmonics produced are shown in the figure 35.
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Fig. 34. Voltage and current of the wind farm due to a voltage dip.
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Fig 35. Harmonics produced for a voltage dip in the grid.




5.3.- Response of the Wind farm to a fault in the grid.

e Stator an rotor currents:

Besides tension holes there are other disturbances that may affect the proper
operation of the wind farm. These disturbances are the faults of the electrical
network. These failures can be phase to ground or phase to phase and can be given
in one phase, two or all three at once. In our case study the fault is due to the
contact of phase a with the ground, it has a duration of 0.01 seconds and the short

circuit resistance is 0.01 ohms.

The fig. 36 shows the replies of the rotor and stator against this fault. The failure
happens in the second 0.035 and finish in the time 0.045. Is possible to see that the
currents have a perturbation, but when the fault is finished the normal operation of

the wind turbines is achieved.

—fault <
Rotor current (PU)

0.02 0.04 0.06 0.08 0.1 1.2
Time (sec)

Fig. 36. Rotor current of the wind farm to a Fault of the grid.

The same response has the stator current. In the Fig. 37. This replies is shown.
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Fig. 37. Stator current of the wind farm to a Fault of the grid.

e Voltage and currents of the entire wind farm.

There are others consequences of the faults. This is for example the perturbations in
the currents of the wind farm. In this case the three phase currents have an
unbalanced condition during a few moments, exactly 0.05 seconds. In the Fig. 38. Is
posibble to see this phenomenon.

The grid fault is placed in the second 0.035 so the currents of the entire wind farm
start to be unbalanced in this time. There is a peak in one of the phases (coloured in
green) which almost achieves the double value of normal current. The graphic is in

per units measurements (Pu).

Then, after 0.1seconds of the start of the fault the wind farm is in normal operation
again. The frequency is still 50 Hz, both currents and voltage. This is easy to see

because of the cycles. One cycle of the sine wave has a duration of 0.02 seconds

o)

1
50Hz
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Fig. 38. Voltage and currents of the wind farm during a fault in the grid.

e Rotor speed of one wind turbine.

Because of the voltage dip the rotor speed has a decrease just in the moment of the
dip, but when the normal value of the voltage is restored the curve follows the normal

parameters.

The speed achieved is nearly 1,000 rpm. The Fig. 39. shows that.
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. 39. Rotor speed against a fault.
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CHAPTER 6: CONCLUSIONS

The recent project has versed in the connection of a wind farm to the electrical
network of Wales. Not specified the exact location of it, but it says that the point of
connection has to be in the distribution network of 132 KV. The data of the wind
turbines have been caught of the catalogue of Acciona Wind power Ltd. The
electrical network has been searched of previous work. This really is not very
important because the main objective of this study was to make a simulation with
Matlab / Simulink and their application SimPowerSystem. It has been necessary to
make a comprehensive study on these programs to design a model for mediation of
block diagrams. This model makes it possible to see the response of the network
and the wind farm when linked, a voltage dip occurs and when there is fault
electricity in the network. And parameters have been studying the park's electrical
currents as well as a generator in particular harmonics produced, with its

consequences, rotor speeds, etc...

It was possible to observe that there is a perturbation in the voltage and currents of
the wind farm and the grid when these two systems are connected. Also it happen
when a fault or a voltage dip has place in the grid. In the end this is just balancing
thanks to all power electronic devices located in the processing centres and in the

wind farms.

It is also possible to see the consequences of these perturbations. The main is the

harmonics produced.
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CAPTER 7: RECOMENDATIONS
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APPENDIX

1. - DESCRIPTION OF THE WIND TURBINE.

Wind turbine technical information. ACCIONA Wind power AW-3000:
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Figure [16]). - SP Manweb geographical area
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