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1. BACKGROUND 

The energy demand from the world population keeps increasing as 
the traditional non-renewable sources of energy keep increasing its 
price and facing its finish as there are few and few non renewable 
resources.  

In such scenario, the role of the renewable energies is changing into 
a main character one. Every kind of renewable energy is stepping up; 
it does not matter if it is solar energy, tides energy, geothermal 
energy, from the rain, or any other resource which is naturally 
replenished.  

This thesis will talk about wind energy, which is one of the most 
developed renewable energy in the last 30 years, and after that time, 
the energy coming from the wind has become a resource to count 
with; and many enterprises and governments are doing it. 

One example of the renewable energies commitment is Sweden, 
where takes place the EU’s highest proportion of energy coming from 
renewable energies (43,3% in 2007 and a target to reach of 49% 
imposed by the EU in 2020). The Swedish commitment with wind 
resource concretely, is shown as it exists the government’s promise 
to achieve the number of 20 TWh/year electricity production from 
wind power before year 2020. 

Here appears the star project of the Swedish wind energy company 
Svevind, the Markbygden project. It is expected to be built by 2020, 
and fully expanded it will have a total annual production estimated 
between 8 and 12 TWh, and that means approximately the 50% of 
the Swedish government promise. 

In every wind farm all over the world exist many troubles like the 
initial investment required to carry out the installation, the variability 
of its input of energy and its adapting to the electric grid, the 
environmental contamination of the landscape and, of course, the 
challenge of preventing and fixing failures in order to reduce costs 
and increase energy production in such a “young technology”. This 
last point is called the Maintenance. 

The maintenance nowadays includes many different aims like a 
higher plant availability and reliability, a greater safety, no 
environmental damage, a better quality for the product, longer 
equipment life and greater costs and effectiveness.  
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All those goals can be related easily to every kind of production, and 
the wind energy is not an exception.  

In the concrete case of the Markbygden project, the maintenance has 
some added troubles such as the weather and the extreme conditions 
that it leads; the cold, the snow… In such conditions maintenance 
takes an important role within the wind farm operation. 

In order to achieve the best production and the lowest maintenance 
cost there are some points to think about: concrete employees 
requirements are needed, a certain number of maintenance centers 
and equipment is required and the best location for them should be 
determined.  

All those points are important due to the way of decreasing costs and 
increasing production is preventing failures and a short reaction time 
against troubles. 

  

 

  

  



 

3 
 

2. OBJECTIVES 

In this Master Thesis the goals are really clear and transparent. The 
objectives are the following: 

• Decide the concrete employees required to carry out the 
maintenance system
 

:  

This point includes explaining the skills or professional 
characteristics of the employees who have to be taking care of 
the first stage of the Markbygden wind farm and the tasks they 
have to carry out taking into account the technology used in the 
wind turbines, the integration into the electric grid and the 
maintenance equipment. 
 

• 
 
Decide the number of maintenance center(s): 

This point includes discussing the best option about the number 
of maintenance center(s) taking into account the costs of them, 
the equipment life-time and its effectiveness into the energy 
production of the first stage of the Markbygden project. 

 

• 
 
Decide the best location of the maintenance center(s): 

This point includes the decision on what is the best location for 
the maintenance operational center(s) so the access to the 
wind turbines and the grid is the optimal in order to decrease 
the reaction response to the possible failures and increases the 
energy production of the first stage of the wind farm. 
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3. MARKBYGDEN PROJECT 

This wind farm project pretends to be the largest one in Europe, and 
it can be shown as a collection of different smaller wind farms. It is 
an initiative between the Swedish wind enterprise Svevind (which 
owns the 75% of the rights and carried out the studies of the wind 
conditions) and the German company ENERCON (owner of the 25% 
of the rights and designers, constructors and Maintenance Company 
of the wind turbines). The whole project is expected to be built in 
2020. 

The area that comprises the project is located 30Km west from Piteå, 
in the Norrbotten (North Sweden, see picture 3.1).The area of the 
total project is around 450-500Km2. 
 

 

Picture 3.1 “Wind farm Location” 

  

The interest of constructing such a big wind farm in Markbygden 
relies on many different characteristics of these lands that fit into 
what is expected for a wind farm, and are the following: 

• Good topography
 

:  

The topography of Markbygden is characterized by several 
mountain ranges faced from north-west to south-east. From 
south and west, the wind can flow almost unhindered. 
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• 
 

Wind conditions:  

Wind means between 7.5 m/s and 8.8 m/s at a hub height of 
135m.  
 
• 

 

No significant conflicts regarding environmental, social or 
technical issues: 

As the Norrbotten is an extensive area with few inhabitants 
(population rate of 2,6 inhab/km2) makes an easier location for 
the wind turbines in order not to annoy the population (noise 
and landscape pollution). 
 
• 
 

Authorities support: 

County Administrative Board of Norrbotten has given their 
approval to support the Markbygden project in April 2009 and 
nowadays the Swedish Ministry of Environment is leading the 
approval process of the environmental impact assessment.  
 
• 
 

Proximity to high voltage lines: 

There are three high voltage lines close to the project area 
which are suitable for the energy transportation.  
 
• 
 

Logistic “low cost” concept: 

It means that is an “easy” location for the construction of the 
wind farm, as the wind turbines can be transported either by 
train (railway available in Piteå) or by boat (harbors either in 
Piteå and Luleå).  
 
It also considered in that concept the fact that there are some 
local resources of gravel and sand, and both materials are 
important in the constructions of the foundations. 

 
 

After considering all the strong points of the project, I am going to try 
and explain the technical figures of the wind farm itself. 
 
The whole project consists in 1101 wind turbines and comprises 2 
different kind of them, with a maximum hub height of 135m. 
  
A total of six measurement towers (see picture 3.2), with a large 
number of sensors at heights between 40 and 150 m, provide 
valuable parameters such as wind speed and -direction, temperature, 
humidity, air pressure and icing data.  
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All these data is being used to determine the mean wind speed 
achieved in the Markbygden area which allows the calculation of very 
high capacity factors of the wind turbines (around 38 % or 3 500 full-
load hours yearly). It concludes that the estimated rated power will 
be from 8 to 12 TWh /year. That amount of energy means half of the 
Swedish Government commitment in 2020. 
  

 
 

Picture 3.2 “Wind resource” 

 
Talking about the integration to the grid, there are two 400 kV-OHL 
and one 130 kV-OHL crossing the project area. Svenska Kraftnät 
(Swedish National Grid) has estimated their available capacity to be 
about 2 000MW. For an additional 2 000 MW grid reinforcement 
measures or new transmission lines are needed. 
 
The Markbygden project leads a total investment of 7 billion EURO 
including the contract with the german company ENERCON for the 
delivery and maintenance (14 years contract time) of the wind 
turbines. The area of the total project can be seen above, Picture 2.2. 

 
The wind farm, nowadays consists in 2 pilot projects that are already 
operational (Dragaliden and Stor-Blådinen) and the permissions 
needed by the environmental authorities are being issued right now, 
as the Phase 1 is expected to begin its construction during this year 
2011. 

Dragaliden pilot project consists of 12 wind turbines located south of 
Strömnäs, in Piteå municipality. The permission was issued in 
February and the building permit in March (both 2008). 
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It is a first stage of the huge industrial project within the sector of 
renewable energy in the Markbygden area.  

To Svevind, the Dragaliden project represents an opportunity to 
achieve an even better understanding of the wind conditions in the 
area. 

The second pilot project is located at Stor-Blåliden, north of 
Långträsk, in Piteå municipality. It consists of 8 wind turbines and as 
the main alternative for the farm is to operate two different sorts of 
turbines: "Enercon E-82" with a rated power of 2 MW and "Enercon E-
126" with a rated power of 6 MW. 

There will be 6 E-82 and 2 E-126 turbines that will each have a 126 
meters rotor diameter, which will represent the largest turbines ever 
operated in Sweden. The project at Stor-Blåliden provides unique 
opportunities for large-scale testing. 

Both pilot projects aim at gaining vast amounts of experience for 
carrying out the large Markbygden project, among other things: 

• The conditions for construction and operating in cold climate. 
• Future education- and manpower needs. 
• The need for turbine components in case of facing industrial 

establishments. 
• The general public is given a chance to create their own opinion 

of wind power and the turbines. 
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4. PHASE 1 

Besides these 2 pilot projects, the permissions for the construction of 
the first main part of the whole Markbygden project are being issued. 
This is the “PHASE 1” project, and all the studies about the 
maintenance are going to be focused only in this part. 

It would be interesting to take a look at the main characteristics of 
this “Phase 1” project in order to know the surroundings of the 
maintenance study. 

The exact area of this part of the wind farm is shown in the next 
figure and it comprises about 140 Km2 in the north-eastern area of 
the total project facing the river Piteälven. 

 

Picture 4.1 “Phase 1 Location” 

 

The Project will have 314 wind turbines between two different kinds 
of them; the Enercon E-82 and the Enercon E-126. There are going to 
be constructed 6 E-126 and 208 E-82. The total rated power is about 
1000MW and the energy produced 2.8 TWh. 

All those wind towers are going to be communicated by some forests 
roads of 9.5m wide that are going to be constructed. There will be 
about 250km of forest roads to connect all the wind turbines. 

The electricity produced by the turbines is going to be distributed to 
the Kraftsnäts grid located in the east of the wind farm. This line is a 
400kV one. Some turbines from the western part of the Phase 1 
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project can be connected to a 130kV line located in the west of the 
wind farm (both lines are shown in the following tower location map). 

 

Picture 4.2 “Wind tower Location map” 

 
As it can be seen in the Picture 4.2, the wind turbines are all the 
purple dots and the forest roads are the discontinuous lines that 
connect them. Talking about the electric grid, it can be seen, the 
130kV line at the top left corner, and the 400kV line in the right side 
of the picture. 
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5. TECHNOLOGY USED 
 
 

 
ENERCON E-82 (E3): 

There are going to be 208 turbines of that kind in the Phase 1 
project. Those turbines have the following technical specifications: 

 
Wind turbine E-82 E3 

Rated power (MW) 3 
Hub Height 138 

Rotor Diameter(m) 82 
Grid feed ENERCON inverter 

Cut-out wind speed (m/s) 28-34 
Remote Monitoring ENERCON SCADA 

 

Chart 5.1 

 
The wind energy converter uses a gearless technology that consists 
on an annular generator, and it is going to be explained later. The 
turbine has variable speed and a single blade adjustment.  
 
The rotor is an upwind one with active pitch control and rotates in a 
clockwise direction. It consists of 3 blades with a total swept area of 
5281 m2.  
 
The blades are made of GRP (epoxy resin) and its rotational variable 
speed goes from 6 to 18.5 rpm. The pitch control before mentioned is 
the ENERCON single blade pitch system that consists of one 
independent system per blade with allocated emergency supply. 
 
The hub is rigid, and the main bearings are formed by double-row 
tapered/cylindrical roller bearings. As it is said in the paragraph 
above there is an annular generator that is directly driven by the 
blades rotation. 
 
The brake system consists of three different parts: the rotor brake, 
the rotor lock and the 3 independent pitch controls from the blades 
with emergency power supply. 
 
All the information required to find the best working conditions is 
taken by different sensors and sent by the remote monitoring 
system, to the maintenance center. 
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 ENERCON E-126: 
 

There are going to be 6 turbines of that kind in the Phase 1 project. 
Those turbines have the following technical specifications: 

 
Wind turbine E-126 

Rated power (MW) 6 
Hub Height 135 

Rotor Diameter(m) 127 
Grid feed ENERCON inverter 

Cut-out wind speed (m/s) 28-34 
Remote Monitoring ENERCON SCADA 

 

Chart 5.2 

 
The wind energy converter uses a gearless technology that consists 
on an annular generator, and it is going to be explained later. The 
turbine has variable speed and a single blade adjustment.  
 
The rotor is an upwind one with active pitch control and rotates in a 
clockwise direction. It consists of 3 blades with a total swept area of 
12668 m2.  
 
The blades are made of GRP (epoxy resin) and steel; its rotational 
variable speed goes from 5 to 11.7 rpm and it has built-in lightning 
protection. The pitch control before mentioned is the ENERCON single 
blade pitch system that consists of one independent system per blade 
with allocated emergency supply. 
 
The hub is rigid, and the main bearings are formed by single row 
tapered roller bearings. As it is said in the paragraph above there is 
an annular generator that is directly driven by the blades rotation. 
 
The brake system consists of two different parts: the rotor brake and 
the 3 independent pitch controls from the blades with emergency 
power supply. 
 
All the information required to find the best working conditions is 
taken by different sensors and sent by the remote monitoring 
system, to the maintenance center. 
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The following technologies are applied in the same way in both kinds 
of turbines: 
 
 DRIVE SYSTEM: 

 
 
Rotor blade concept 

 
When it comes to yield, noise emission and stress minimization, 
ENERCON’s rotor blade concept sets new standards in the wind 
energy sector. Because of their modified shape, the blades not only 
draw energy from the outer edges but also use the inner radius of the 
swept area, considerably increasing power output. 

 
The new rotor blades are also less susceptible to turbulence and 
provide an even flow along the entire length of the blade profile. 

 
In addition to the new design, the blade tips have also been improved 
to reduce noise emission and increase power output.  

 
Turbulence at the blade tips due to overpressure and under pressure 
is effectively eliminated in the rotor plane. The entire length of the 
blade is therefore utilized without any loss of energy caused by 
turbulence. 

 
The blades’ high efficiency is reflected in power curves taken on all 
wind turbines where power coefficients (Cp) of more than 0.5 are 
achieved. 

 
In order to efficiently protect the rotor blade surface against weather 
elements such as wind and water, UV radiation, as well as erosion 
and bending loads, the rotor blades’ protective finish is composed of 
gel coat, filler, edge protection and top coat using only solvent-free 
two-component polyurethane compounds in the entire system. 

 
To efficiently withstand wind loads over the entire usage period, 
ENERCON rotor blades have an extremely large flange diameter.  

 
The double-row bolt connection specially developed by ENERCON for 
large wind turbines also provides additional strength by creating even 
load distribution. This is an important factor, particularly in extreme 
wind locations with considerable stress fluctuations. 
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Direct drive 
 
The drive system for ENERCON wind energy converters is based on a 
simple principle: fewer rotating components reduce mechanical stress 
while at the same time increasing the equipment’s technical service 
life. 
 
Wind turbine maintenance and service costs are reduced (fewer 
wearing parts, no gear oil change, etc.) and operating expenses 
lowered. 

 
The rotor hub and annular generator are directly interconnected to 
form one gearless unit. This rotor unit is then mounted on a fixed 
axis, the so-called axle pin.  
 
Compared to conventional geared systems with a large number of 
bearing points in a moving drive train, this drive system only requires 
less roller bearing due to its low direct drive speed. 
 
A few years ago only the rotor hub was made of cast steel. However, 
today, with the use of modern spheroid graphite cast iron, it is 
possible to manufacture other major components such as blade 
adapters, axle pins and main carriers with this process. 

 
Here is an example of the direct drive system of the wind turbines in 
Markbygden, where the green part is the rotor blade and the red one 
is the annular generator that will be explained below. 

 

 
 

Picture 5.1 “Wind tower technology” 
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 ANNULAR GENERATOR: 
 

Amongst other features, the annular generator is a key component in 
these gearless wind generators design. Combined with the rotor hub, 
it provides an almost frictionless flow of energy, while a smaller 
number of moving components assure minimal material wear.  
 
Unlike conventional fast-running generators, this annular generator is 
subjected to little technical wear, making it ideal for particularly 
heavy loads and a long service life. 
 
The annular generator is a low-speed synchronous generator with no 
direct grid coupling. Output voltage and frequency vary with the 
speed and are converted for output to the grid via a DC link and an 
inverter which allow for high speed variability. 
 
 
Stator and rotor 
 
According to service life requirements, the copper winding in the 
stator (the stationary part of the annular generator) is produced in 
insulation class F (155 °C). It consists of individual round wires 
gathered in bundles and varnish insulated.  
 
The copper winding is exclusively done manually. In spite of 
increasing automation in other manufacturing areas, in this case 
preference has been given to manual labour for good reason: It 
ensures that all materials used are fully inspected.  
 
The magnetic field of the stator winding is excited via so-called pole 
shoes. These are located on the rotor, the mobile part of the annular 
generator.  
 
 
Temperature behavior 
 
The annular generator features are optimized temperature control. 
The hottest areas in the generator are constantly monitored by 
numerous temperature sensors.  
 
The sensors’ activation temperature is considerably lower than the 
temperature resistance of the insulating materials used in the 
generator. This prevents temperature overload. 
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 CONTROL SYSTEM: 
 

The MPU (main processing unit), the central element of the control 
system constantly registers information from the peripheral control 
elements, such as the yaw control and active pitch control systems. 
 
 Its function is to adjust the individual system parameters to ensure 
that all the wind turbines achieve maximum output under all weather 
conditions. It provides the wind farm with: 
ENERCON control system 

• Constant evaluation of measurement data from wind sensor to 
adapt nacelle yaw control 

 
• Variable speed for maximum wind turbine efficiency at all wind 

speeds, and elimination of undesirable output peaks and high 
operating load 

 
• Active pitch control system to obtain ideal angle of flow on the 

rotor blades ensures maximum output and stress reduction on 
the entire wind turbine 

 
• Brake system for maximum turbine reliability by means of three 

independently operated pitch mechanisms with standby power 
supply (batteries) in case of a mains failure 

 
• Tower and generator monitoring by means of vibration and 

acceleration sensors to check tower oscillation 
 

• Temperature and air gap sensors between rotor and stator 
ensure dependable annular generator operation 

 
 
Monitoring grid connection 
 
Ensuring proper power feed from the wind turbines into the grid 
requires grid connection monitoring. Grid parameters such as voltage, 
current and frequency are measured on the low-voltage side between 
the ENERCON inverter and the system transformer. 
 
The measured values are continuously transmitted to the control 
system, enabling the turbine to react immediately to changes in grid 
voltage or frequency.  
 
If the defined limit values for system or grid protection are exceeded, 
the wind turbine is safely shut down and the service teams are 
informed.  
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As soon as voltage and frequency return within the permissible 
tolerance range, the turbine is automatically started up again. 
Prolonged downtimes are thus avoided. 
 

Storm control 

ENERCON wind turbines run with a special storm control feature. 
Storm control enables reduced wind turbine operation in the event of 
extremely high wind speeds, and prevents typical shutdowns which 
cause considerable yield losses. 
 
 

o Wind turbines without storm control 

 
Picture 5.2 “Without storm control” 

 
The illustration shows that the wind turbine usually stops at a 
defined cut-out wind speed V3. The reason is that a specified 
maximum wind speed has been exceeded. 

 
In wind turbines without storm control, this occurs, for example, at 
a wind speed of 25 m / s within a 20s mean.  
 
The wind turbine only starts up again when the average wind 
speed drops below the cut-out wind speed or an even lower restart 
speed (V4 in the illustration). In gusty wind conditions there may 
be a longer delay, which means that considerable yield losses are 
incurred. 
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o Wind turbines with storm control 
 

 
Picture 5.3 “Storm control” 

 
At high wind speeds, the wind turbines work on a different 
principle. They are equipped with special storm control software 
which prevents unnecessary abrupt shutdowns. 

 
The power curve diagram showing operation with the storm 
control demonstrates clearly that the wind turbine does not shut 
down automatically when a certain wind speed Vstorm is exceeded, 
but merely reduces power output by slowing down the rotational 
speed.  
 
This is achieved by slightly pitching the rotor blades out of the 
wind. Once the wind speed drops, the blades turn back into the 
wind and the turbine immediately resumes operation at full power.  
 
This prevents yield-reducing shutdown and start-up procedures. 
This storm control feature also offers the grid substantial security 
benefits.  
 
At extremely high wind speeds there is no risk of major 
disturbances caused by longer feed-in interruptions which could 
have the same effect as simultaneous shutdowns of several 
conventional power plants. 
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 GRID INTEGRATION AND WIND FARM MANAGEMENT: 

Today, global energy supply without wind energy would be difficult to 
imagine. Given the rising demand for electricity, it is more than ever 
a responsibility to guarantee secure power supply.  
 
One of the vital factors of this guarantee will be the capability of wind 
technology to be integrated into existing power systems.  
 
Stringent regulations imposed by grid operators require wind turbines 
and wind farms to fulfill power plant properties which necessitate 
highly sophisticated and flexible technology.  
 
There has already been made major advancements in developing 
practical grid connection solutions for wind turbines and wind farms 
to offer the desired and statutory system services to the grid.  
 
 
Annular generator and grid management system 
 
Amongst other features, the annular generator is a key component in 
ENERCON’s gearless wind generator design. This low-speed 
synchronous generator is directly connected to the rotor. 
 
The Generator output voltage and frequency vary with the speed and 
are converted via the Grid Management System to be fed into the 
grid.  
 
This allows rotational speed control to be optimized; the annular 
generator is thus perfectly independent of the grid. By adjusting or 
‘pitching’ the blades and through electrical excitation via the turbine 
control system, rotational speed and power output are constantly 
monitored and optimized. 
 
The electrical power produced by the annular generator passes into 
the Grid Management System which comprises a rectifier, the so-
called DC Link and a modular inverter system.  
 
The inverter system defines the essential performance characteristics 
for output to the grid and ensures that the power output corresponds 
to grid specifications.  
 
Here in the inverter system, voltage, frequency and power are 
converted accordingly. Via the transformer, inverter voltage (400 V) 
is stepped up to the appropriate medium voltage required by the grid 
or the wind farm network. 
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The wind turbines are equipped with a Grid Management System 
designed to meet the latest grid connection requirements. This 
facilitates integration in any transmission and distribution network. 
 
The Grid Management System offers many performance features like 
reactive power management and optimum contribution to maintaining 
voltage levels. Essentially, these wind farms behave very much like 
power stations or in some aspects even exceed their performance.  
 
 
Electrical grid compatibility 
 
Due to their control and operating mode, those wind turbines offer 
maximum power quality. The idea behind the Grid Management 
System is to control and regulate power feed without power peaks.  
 
During normal operation, the wind turbine actually requires no 
reactive power. Flickers and harmonic oscillations are negligible. Due 
to the Grid Management System’s power electronics there is no 
inrush current. 
 
 
Wide voltage and frequency ranges 
 
The Grid Management System allows the wind turbine to have a very 
wide operating range. Depending on the grid, the Grid Management 
System can be flexibly parameterized for 50 Hz or 60 Hz rated grid 
frequency.  
 
In grid systems with heavily fluctuating voltage or frequency, the Grid 
Management System’s stability provides for reliable and continuous 
operation, even at full rated power. 
 
 
Coordinated grid feed in network 
 
In order to provide reliable economical grid operation, power feeding 
timing has to be regulated. To ensure that this takes place, variable 
set point values for maximum permitted power gradients can be 
specified for the Grid Management System.  
 
For example, when the wind turbine or wind farm is started up, 
power feed can be controlled according to grid operator 
requirements. This allows the grid operator to optimize load flow and 
grid voltage stability as well as to enhance the interaction between 
utilities and consumers. 
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Power frequency control 
 
Grid frequency control is essential to ensure reliable and stable grid 
operation as well as to attain the necessary power supply quality.  
 
ENERCON wind turbines can contribute to the stabilization of the grid 
by adapting power feed-in according to the actual grid frequency. If a 
grid fault leads to temporary over frequency in the grid, the wind 
energy converters reduce their output according to the grid operator’s 
specifications. 
 
As soon as grid frequency has been stabilized, the wind energy 
converters continue normal power feed-in. The characteristics of this 
control system can be easily adapted to different specifications. 
 
 
Reactive power management 
 
In order to maintain reliable and efficient transmission and 
distribution grids, reactive power regulation is indispensable. This 
feature is not only necessary to compensate transmission equipment 
such as cables and transformers but also to maintain voltage 
stability. 
 
The wind turbines have a vast operating range for reactive power 
exchange which can be provided to the grid as a highly flexible 
system service. Since turbine configuration is flexible, wind farm 
projects can be optimized to suit the particular requirements. 
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Generation management – power regulation for maximum yield 
 
If the cumulative (rated) output of a wind farm is greater than the 
grid connection capacity at the point of common coupling, the wind 
farm power regulation ensures that the grid connection capacity is 
always used to the maximum available.  
 
If one turbine in the wind farm generates less power, the other 
turbines are accordingly adjusted to run at a higher capacity. Optional 
generation management in the ENERCON SCADA system handles this 
automatically.  
 
Here is a graphic example of this power regulation. 
 

 
 

Picture 5.4 “Power Regulation” 

 
 
 
Bottleneck management – maximum output  
 
During bottlenecks not all regions have sufficient transmission 
capacity available to manage each low-load and strong wind 
situation. However, with the bottleneck management it is possible to 
connect wind farms to this type of grid.  
 
Constant online data exchange between the wind farm and the grid 
operator ensures that the highest possible amount of wind farm 
output is adapted to the transmission capacity. Yield loss, along with 
complicated re-dispatches for load distribution within the wind farm is 
minimized. 
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Staying connected when grid problems occur 
 
Most transmission networks and ever more distribution grids require 
wind energy converters to remain connected to the grid in the event 
of grid short circuits. Like conventional power plants, wind turbines 
are not allowed to suddenly disconnect from the grid during voltage 
dips or overvoltage caused by grid problems.  
 
Those wind turbines with the optional ENERCON UVRT feature have 
this capacity. No matter what type of short circuit occurs, the wind 
turbines can skip faults for several seconds, even if they were 
operating at rated power before the fault. This is also possible if the 
wind turbine voltage completely breaks down as a result of a power 
system failure.  
 
Flexible setting options offer maximum performance according to the 
respective grid operator’s specifications or to the project’s framework 
conditions. 
 
Depending on the selected parameters, the wind turbine can feed in 
either mainly active or reactive power to maintain grid voltage. 
 
If necessary, voltage-dependent reactive current can even be 
supplied to the grid. If desired or required, fault ride-through is also 
possible without power feed-in. The wind turbines remain in operation 
during the fault. After the grid problem has been resolved and grid 
voltage has been restored, the wind turbine can immediately resume 
power feed-in.  
 
 
ENERCON SCADA 
 
For remote wind farm control and monitoring, ENERCON SCADA has 
been a proven system for many years and is also an important 
element of the service and maintenance program. It offers a number 
of optional functions and communication interfaces to connect the 
wind farms to the grid while meeting stringent grid connection 
regulations. 
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PDI (process data interface) 
 
It acts as communication interfaces between the various systems. 
This enables ENERCON’s SCADA system to communicate via analogue 
or digital interfaces depending on requirements. Certain wind farm 
target values can be set and status messages or wind farm 
measurement values can be transmitted to the grid operator. 
 
If desired, wind measurement masts on the wind farms can be 
integrated in the data transfer system. 
 
 
Farm Control Unit (FCU)  
 
The wind farms are able to perform a large quantity of complex and 
dynamical closed-loop and open-loop control processes for electrical 
key values at the point of interconnection with the grid.  
 
These controls become necessary because of the applicable grid 
codes at the point of common coupling and because of the 
economical optimization of a wind farm project.  
 
To meet the requirements for such control processes, the Farm 
Control Unit (FCU) is an optional feature of the ENERCON SCADA 
system. It combines active power and reactive power controls in a 
wind farm and enables closed-loop control of the grid voltage.  
 
With the FCU the wind farms’ contribution to voltage stability at a 
given reference point can be managed from a central location. 
  
Grid operators can either control voltage according to a set value or 
also via additional interfaces.  
 
 
Wind farms with substations 
 
More and more wind farms feed power into the grid via substations 
specially constructed for this purpose. Remote monitoring and control 
of these substations is often required in order to receive continuous 
information from switchgear units and, as the case may be, carry out 
switching operations.  
 
ENERCON’s SCADA system features special optional modules 
providing remote monitoring and control of switchgear assemblies 
and substations for the wind farm operator. Data transmission and 
operations are carried out using the tried and tested ENERCON 
SCADA remote software. 
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Main Control Unit (MCU) for wind power plants 
 
It is more and more common to find several wind farms connected to 
a common central point of connection to form larger wind power 
plants.  
 
Since installed power output is high, these plants usually feed power 
into high-performance transmission grids. MCU assumes centralized 
open-loop and closed-loop control of a wind power plant. It takes 
over typical communication and data transfer tasks to grid control 
systems and load dispatching centers fulfilling complex technical grid 
connection regulations for wind power plants. 
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6. RELIABILITY CENTERED MAINTENANCE 

Maintenance is oriented to prevent possible failures in the operational 
issues of any company in order to increase productivity and decrease 
costs.  
 
This concept relies on knowing about the reliability of these 
operational issues that makes de productivity beneficial to the 
company. 
 
A definition of reliability is: the ability of an item to perform its 
required function under given conditions for a given time interval. 
Then appears the RELIABILITY CENTERED MAINTENANCE. 
 
It is a concept that tries to provide a strategic framework which 
synthesizes the new developments into a coherent pattern, so they 
can be evaluated, it would be possible to sensibly and apply those 
new developments likely to be of most value to the company activity. 
It has the aim to provide information as a basis for decision. 

This concept of maintenance comprises many points. Here are them: 

• Higher plant availability and reliability 
• Greater safety 
• Better production quality 
• Greater costs effectiveness 
• Longer equipment life 
• No environmental damage 

The reliability can be described in terms of probability, and a 
probabilistic distribution should be used to model the lifetime of a 
component (in this case, the wind energy converter). 
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 PROBABILITY DISTRIBUTION AND APPLICATION: 

There are many distributions suitable for different kinds of 
applications. In this case the selected one is the Weibull distribution 
because is very flexible and can model, through an appropriate choice 
of parameters, many types of failure rate behaviors. 

The bath-tube curve that better model the wind turbine failure rate 
can be achieved with 3 different sets of parameters for each phase. 
The distribution for the useful life period is equal to an exponential 
distribution. 

   

 

 

 

 

 

The use of exponential distribution for lifetimes comes with a number 
of important side effects. 
 

• The failure rate is constant which means that it is independent 
of time.  
 
• The exponential distribution has no memory, so an item is 
always viewed as good as new as long as it is functioning.  
 
• When estimating the reliability function, the mean time to 
failure and so on, it is sufficient to collect data on the number of 
hours of observed time operation and the number of failures. 
The age of the component is of no interest in this context.  
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 BATHTUBE CURVE: 
 
The failure rate of a component is often high in the initial phase of its 
lifetime. This can be explained by the fact that there may be 
undiscovered defects in the components .Once the component has 
survived the initial period, the failure rate stabilizes at a level where it 
remains for a certain time until it starts to increase again as the 
component begin to wear out.  
 

 
 

The Figure 6.1 above shows the bathtub curve with the three typical 
phases. The initial phase is called burn in period, the stable phase is 
called useful life period and the end phase is called wear out period. 
This Bath-tube shape is a good and recognized choice for mechanical 
components. 
 
  

Figure 6.1 “Bathtube curve” 
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 MAINTENANCE ISSUES: 
 
When a components fails immediately the repair is undertaken and 
when the component is been fixed, then is put back into the system 
and it is considered as good as new. 
 

 
The wear model 
 
The figure above shows when a failure occurs and immediately the 
component is not working. It not usually true, as the wear affects 
also the behaviour of the component as it is shown in the next figure. 
  

 
The wear is seen as a deterioration of the system due to its friction 
during the working time. This deterioration is progressive and 
accumulative until the component fails and is not useful anymore 
until the repair is finished. 
 
  

Figure 6.2 “Asset behaviour in case of failure” 

Figure 6.3 “Wear model” 
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Repair time 
 
The repair time depends on every specific part from the component 
as some of them cannot be available at the moment of failure.  
 
It is of course important when detailed models of the maintenance 
are considered but as we will later find out it is difficult to find data 
concerning repair of wind power turbines and yet more difficult to find 
out the exact amount of time spent on repair. The information that 
may be available is the amount of time that the system was 
unavailable.  
 
The main point on reducing the repair time is to react quickly against 
the failure because if it is wanted to reduce this time decreasing the 
manual repair time (The time that goes from when you reach the 
failing item until you have it repaired) the most common 
consequence is to have a mistake in that repair, so the component 
could not be considered as good as new. 
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 MAINTENANCE METHODS: 
 
The type of maintenance that is performed can be defined as either 
preventive or corrective maintenance. Preventive maintenance is 
carried out at predetermined intervals or according to prescribed 
criteria and is intended to reduce the probability of a failure. 
Corrective maintenance is carried out after a failure and is intended 
to repair the system.  
 

 
 
Corrective Maintenance: 
 
The definition of a Corrective Maintenance is the one which is carried 
out after fault recognition and intended to put an item into a state in 
which it can perform its required function. 
 
It is usually carried out when a failure occurs and it is called repair. 
The aim of this kind of maintenance is to fix the item and return it to 
its previous state in which it can perform its function expected from 
it. It can be carried out either by repairing the item or replacing it. 
 
Using only corrective maintenance is seldom a good choice. It means 
that the system is not going to be repaired until it breaks or fails. 
This is called a breakdown strategy. 
 
With a breakdown strategy, the preventive maintenance is reduced to 
a minimum and it leads to a situation where the system will operate 
until some fatal failure occurs and the wind turbine does not work at 
all. This has a few preventing costs (there is no scheduled 
maintenance to check the condition of the system), but in the other 

Figure 6.4 “Maintenance Methods” 
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hand has a higher cost when repairing, a huge loss of productivity as 
the downtime is long. 
 
Preventive Maintenance: 

 
This is the maintenance carried out at pre-determinate intervals or 
according to prescribed criteria and intended to reduce the probability 
of failure or the degradation of functioning of an item. 
 
There are 2 different kinds of preventive maintenance: the scheduled 
and the conditioned based maintenance. The main difference between 
both is the way of deciding when to perform the preventive 
maintenance. 
 

• Scheduled Maintenance: 
 
This is the preventive maintenance carried out in accordance 
with an established time schedule or number of units of use. 
 
The time schedule can be either a clock-based ( at specific 
calendar times) or aged-based (at a certain age, which is not 
necessary related to time, can be operational time for 
example). 
 
It requires a regular access to the system a big share of 
costs for maintenance (employees and their transport, 
cranes, spare parts…).  
 
On the other hand, its advantages are that this maintenance 
strategy can be schedules ahead of time and the 
coordination of logistics can be made easily. 
 
• Condition based maintenance: 
 
This is the preventive maintenance based on performance 
and/or parameter monitoring and the subsequent actions. 
Performance and parameter monitoring may be scheduled on 
request or continuous. 
 
In this type of maintenance the monitoring equipment shows 
data that can give information about the components 
condition. This collection data can be scheduled, requested 
or continuous. Thus the data collected can indicate which 
components need to be prevented. 
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This strategy will minimize the downtime and repair costs, 
the components are going to be used closer to their lifetimes 
and the coordination of spare parts is going to be easier.  

 

Here is a graphic relating all those three kinds of strategy. 

 
 
 
   
  

Figure 6.5 “Maintenance strategies” 
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METHOD ADVANTAGE DISADVANTAGE 

Corrective 
maintenance 

- Low maintenance 
costs during 
operation. 

- Components will be 
used for a 
maximum lifetime 

- Extensive 
downtimes 

- No maintenance 
schedule. 

- Spare parts logistics 
complicated 

- Long delivery 
periods. 

Preventive 
scheduled 

maintenance 

- Expected downtime 
is low 

- Maintenance can be 
scheduled 

- Spare logistics are 
easy 

- Components will not 
be used for 
maximum lifetime. 

- Higher maintenance 
costs compared to 
corrective 
maintenance. 

Preventive condition 
based maintenance 

- Components will be 
used closer to their 
lifetimes 

- Expected downtime 
is low 

- Maintenance 
activities can be 
scheduled. 

- Spare part logistics 
are easy to 
coordinate. 

- Reliable information 
- Expensive hardware 

and software for 
condition monitoring 
required 

- Identification of the 
appropriate 
threshold values is 
difficult. 
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7. WIND TOWERS’ FAILURE IN SWEDEN 
 
There are troubles trying to get some data about the gearless wind 
turbine failures in Sweden, so it is a new technology and its use it has 
not been long enough to have as much data as for the wind turbines 
with gearbox. 
 
Assuming the concept above, in this thesis is going to be used failure 
data from wind farms already existing in Sweden, but with gearbox 
wind turbines.  
 
The results or conclusions obtained relying on this data can be 
overestimated, it means that due to the failures with a gearless 
turbine are going to be less compared to a gearbox turbine, then the 
preventions taken are never going to be less than the necessary. The 
access to some data from the wind power systems in Sweden is been 
collected by Swedpower AB. 
 
Almost all the Swedish wind turbines are connected to a system with 
automatic readings of the turbine performance. The data obtained 
gives information about the production, downtimes as well as failure 
reports. 
 
The following overview is about the failures and downtimes in the 
period from 2000-2004. Here is the relation about the turbines taking 
into account each year. 

 

 
 
  

YEAR 2000 2001 2002 2003 2004 AVERAGE 
Number of 

turbines in survey 527 570 620 682 723 624,5 
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 FAILURE FREQUENCY: 
 
The next figure shows the percentage breakdown of the number of 
failures that occurred during the years 2000-2004. 

 
 
 
The number of failures related to the gear and the generator, as in 
this thesis there are gearless wind turbines are going to be less than 
what is shown in the figure. This assumption will give later a bit 
oversized result for the generator’s preventive tasks.  
 
The other main components are, in that order, the electric system 
(connection to the grid), the sensors, the blades and pitch, the 
control system and the hydraulics. There is a huge difference 
between those and the other failures.  
 
  

Picture 6.1 “Number of failures” 
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 DOWNTIME: 
 
Here is a figure where it is shown the relation between the downtime 
that every component of the wind turbine has to be out of order after 
a failure. 

 
The gear and the control system are the components that have a 
huge downtime. There is a lot of difference compared to the next 
ones, like the yaw system or the control system.  
 
In the next page there is a table that shows both, failures and 
downtime, in the same chart for each component of the wind turbine. 
  

Picture 6.2 “Downtime” 
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Chart of the failures and downtime for each component 
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8. MAINTENANCE CENTER(S) LOCATION 

When talking about the maintenance center location there are many 
facts to take into account, like the availability for the employees to 
reach the maintenance center, the fact of being close to a city where 
every needed service (medical services for example) or item can be 
found, to have good transport network in order to make suppliers’ 
easier availability and the distance to the wind energy converters 
beside some others. 

Taking a look at the map, and at first view, the main possibilities 
where to locate the maintenance center are Piteå and Älvsbyn, so are 
the main cities closer to the Phase 1 of the Markbygden wind farm. 
But there is also the possibility to set the maintenance center in the 
little villages close to the wind farm like Åträsk or Yttersta (both seen 
in the Wind Turbine Location map), and they are not more than 30km 
away from. 

At first the idea of splitting the maintenance center in two or more 
maintenance centers was attractive in the way it could be easier to 
reach all the tower faster, but the distances are not that different to 
worth it in economical terms to buy or rent two buildings and 
decentralizing the maintenance management leads to terms of 
confusion and misunderstanding. 

The two closest and small towns, Åträsk or Yttersta, have to be 
erased to the candidates list, so they don’t have the infrastructure 
necessary to hold the needs of the maintenance center. It would be 
necessary to build them from zero, and the cost will be higher. 

Once realized about the traffic connection between the wind farm and 
the two main cities, Piteå is the best location for the maintenance 
center, as it is 20km closer to the wind farm than Älvsbyn, and the 
way is through main roads instead of other secondary ones.    

The final option is set, and now it is time to set the fastest way to 
reach all the towers in order to set the maintenance route to make 
the checking of the wind turbines easier and faster. The first step is 
to see the wind farm as a graph, the roads as the edges (with an 
assigned distance for each one) and the wind turbines as vertexes. 

The algorithm that better fits to the aim is the minimum partial tree. 
It gives all the vertexes connected with the shortest distance between 
all of them. 
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 MAINTENANCE ROUTE: 

The steps to achieve the minimum partial tree algorithm are the 
followings: 

Initial Situation: 

1. Associate a value (in this case distance) to every edge. If there 
is no direct connection between 2 vertexes, the distance is 
equal to ∞. 

2. Create a whole or group of connected vertexes for each 
iteration called, for example, S. This group is empty at the 
beginning. 

Step 1 

Take one vertex i and add it to S. 

Step 2 

Find the edge aij which has the lowest value (distance) dij such 
that the vertex i belongs to S and the vertex j does not belong to 
S. 

If there is more than one edge, anyone can be chosen. 

Step 3 

Embody vertex j to the group S. 

Step 4 

If all the vertexes are connected, the algorithm is finished, if not, 
go back to step 2. 
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Example 

Here is set a small example to explain in a more simply way the 
algorithm: 

 

As it can be seen in the picture above, the small graph consists in 
4 vertexes (circles) and 5 edges everyone with its distance 
(orange number). It is also necessary to create an empty group of 
connected vertexes, called S. This means that the initial conditions 
are ready to begin the algorithm.  

Step 1 

The selected vertex is the number 1. This is a random decision so 
it does not affect to the final solution. 

Now, the group S= [1] 

Step 2 (I) 

EDGE DISTANCE 
1-2 3 
1-3 6 
1-4 4 

 

The lowest edge is the one which goes from vertex 1 to vertex 2. 

Step 3(I) 

Now group S=[1,2]. As not all the vertexes are connected, it is 
necessary to go back to the Step 2. 
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Step 2 (II) 

EDGE DISTANCE 
1-3 6 
1-4 4 
2-3 2 

 

The lowest edge is the one which goes from vertex 2 to vertex 3. 

Step 3(II) 

Now group S=[1,2,3]. As not all the vertexes are connected, it is 
necessary to go back to the Step 2. 

Step 2 (III) 

EDGE DISTANCE 
1-4 4 
3-4 10 

 

The lowest edge is the one which goes from vertex 1 to vertex 4. 

Step 3(III) 

Now group S=[1,2,3,4]. All the vertexes are connected, so it 
means that the algorithm is finished. 

Solution 
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 SHORTEST PATH BETWEEN ALL PAIRS OF WIND TURBINES: 

Another interesting fact that can be calculated is the shortest path 
between all pairs of wind turbines in order to know the exact distance 
to drive in case of emergency. That could be possible using the 
Dijsktra’s algorithm. 

The steps to achieve the Dijsktra’s algorithm are the followings: 

Initial conditions 

1. Associate a value (in this case distance) to every edge. If there 
is no direct connection between 2 vertexes, the distance is 
equal to ∞. 

2. Create a whole or group of connected vertexes for each 
iteration called, for example, S. This group begins with the 
vertex Origin inside. 

3. Tag the distance as POrigin=0 and Pi=∞, where i is every vertex 
different from the Origin. 

4. Create the variable ti= Origin. 

 

Step 1 

Being y the last vertex added to S; for every vertex z not added to 
S, calculate: 

Pz= min{ Pz ; Py +dyz} 

If Py +dyz < Pz then tag tz= y 

 

Step 2 

Between all the vertex z , determine which z* complies that 
Pz*=min{Pz} 

Step 3 

If .Pz*= ∞, then it means that there is no finite length between the 
Origin and the vertex not added to S. If not, continue. 

Step 4 

Add z* to the group S. Pz* is going to be the minimum distance 
between the origin and z. 
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Step 5 

If F( final vertex) = z* the algorithm is finished. If not, continue 
and go back to Step 1. 

It is necessary to repeat the algorithm for each pair of vertexes 
that it is wanted to know their shortest path between them. 

Example  

As a simple example the graph used in the minimum partial tree 
algorithm can be used as well. In this case the aim of the study 
will be to find the shortest path between 1 and 3. 

 

Step 1 

I am going to set as the origin the vertex number 1.  

The distances from the vertex number 1 to the others are the 
followings: 

Vertex z Pz Py+ Dyz Final Pz 
2 3 3 3 
3 6 6 6 
4 4 4 4 

 

Step 2 

The minimum Pz is the vertex 2. 

Step 3 

The Pz*= 3, so it is different from ∞. Then continue to next step. 
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Step 4 

The group S = [1-2] 

Step 1 (II) 

These are the distances from the vertex 2 

Vertex z Pz Py+ Dyz Final Pz 
3 6 5 5 

 

The final solution for the shortest path between the vertexes 1 and 3 
is the following: 
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 FINAL SOLUTION: 

These 2 algorithms are going to find the optimal solution to find 
either the best maintenance route or the fastest way from one point 
of the wind farm to another, but there is also a big problem 
appearing: the big amount of wind towers existing in the wind farm, 
314.  

This fact implies two main problems: 

- It makes the manual calculation really long and complicated 
- Calculation susceptible to mistakes. 

After considering these problem, another tool available to carry out 
the algorithms is MatLab. This mathematic program can do many 
iterations of the algorithms above in few seconds. There only need is 
to set a small program that carries the algorithms in the correct way. 

The first step is to organize the distance data between towers, and 
the best option is to set it into an EXCEL sheet. It is attached to the 
report in a file named “TOWER DISTANCES”. 

Here is the program set to carry out the algorithms, named “main”:   

namefile= input('namefile (.xls): ','s'); 
Adj = xlsread(namefile,'D2:LE315') 
%filter NaN 
index = isnan(Adj) 
Adj(index) = 0 
%path = allspath(Adj) 
S = sparse(Adj); 
A = allspath(S) 
 

The first row indicates that when the program “main” is called, it asks 
for the name of the EXCEL sheet, followed by “.xls”, that should be 
read. In this case it should be written “TOWER DISTANCES.xls”. 

The second row reads only the cells determined between the corner 
cells of the data in the EXCEL sheet. If the number of data is 
changed, the corners cells should be adapted to the new data. 

The next four 5 rows are the ones that adapt the data in order to be 
ready for the function allspath, that shows all the shortest paths 
between all pairs of towers. This data is saved in the S matrix. 
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In these rows, the empty cells are filled by zeros, and the kind of 
data is adapted to the allspath function required data. 

The final row calls the allspath function, and saves the answer in the 
A matrix. The answer is a matrix that shows the length of the 
shortest path between all pair of towers. 

In order to achieve the minimum partial tree, MatLab has an already 
settled function, [Tree, pred] = graphminspantree(S),that gives an 
output called “pred” , which is a vector containing the predecessor 
nodes of the tree, with the root node indicated by 0. 
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9. EMPLOYEE PROFILE AND TASKS 

There are 3 different profiles needed inside the wind farm related to 
maintenance: Head Maintenance Manager, Maintenance Remote 
Checking position and Maintenance Checking position. 

HEAD MAINTENANCE MANAGER: 

The employee directly related to the wind farm managers whose aim 
is to coordinate and re-schedule the maintenance tasks taking into 
account the facts occurred. It should be a professional with previous 
experience in the wind energy maintenance sector, capable to react 
against failures, having as strong points the leadership and 
coordinating skills. 

 

MAINTENANCE REMOTE CHECKING POSITION: 

As the company that has to take care of the maintenance, ENERCON, 
with the remote monitoring control system for the wind turbines and 
the grid integration (ENERCON SCADA), the employees located in this 
position should have coursed in advanced some tutorial about the 
monitoring system, how to get the data and read it in order to 
recognize possible potential failures and suggest the best 
maintenance option. This entire task is carried out from the 
maintenance center by the monitoring control system. 

 

MAINTENANCE CHECKING POSITION: 

It is the traditional maintenance position, checking the components in 
front of them, it means going directly to the turbine and do the check 
there. It should be done in less quantity than years before because of 
the remote monitoring control system, but it is still important in some 
parts of the turbine, like the mechanics, the blades, the hub, etc. 

These employees should be provided with a service car to move 
around the wind farm (a car according to the road condition: snow, 
forest road…). It should be also necessary to arrange with the local 
authorities the availability of a snow machine, to clean the wind 
turbines’ accesses when the snow comes.   
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To know the frequency of this kind of maintenance, first it should be 
taken into account the failures and downtime occurred in the system. 

As it was shown in the chart about the downtime and failures of each 
component of the wind turbine, the average number of failures per 
year and turbine is 0,402. Then if the wind farm has 314 turbines, 
around 126 failures are expected during a year, so it means 
approximately, a failure every 3 days. To avoid this is necessary a 
preventive maintenance. 

Taking into account the downtime, there is an average downtime of 
52,4 hours per year and turbine. It is needed a good prevention 
management in order not to make the downtime get longer. 

Let’s check the failures separately per component, to see the 
frequency of checking needed.  

Taking into account that the wind farm has 314 wind turbines, and as 
ENERCON ensures 3500 full-loaded service hours yearly, the failure 
frequency is the following in the next page. 

There are two different results obtained, the first one is the average 
service hours (full loaded hours) before a failure occurs and the 
second one is the average days before a failure occurs. 
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Component Avge num failure /y & t Avge num failure / year 
Avge num failure / 

service hour 
Avge num failure / 

day 
Avge service hours 

before failure 
Avge days before 

failure 

Hub 0,001 0,31 8,97143E-05 0,0009 11146,50 1162,42 

Pitch/blades 0,052 16,33 0,004665143 0,0447 214,36 22,35 

Electric Sys 0,021 6,59 0,001884 0,0181 530,79 55,35 

Control Sys 0,067 21,04 0,006010857 0,0576 166,37 17,35 

Drive train 0,050 15,70 0,004485714 0,0430 222,93 23,25 

Sensors 0,004 1,26 0,000358857 0,0034 2786,62 290,61 

Gears 0,054 16,96 0,004844571 0,0465 206,42 21,53 

Mech. 
Brakes 

0,045 14,13 0,004037143 0,0387 247,70 25,83 

Hydraulics 0,005 1,57 0,000448571 0,0043 2229,30 232,48 

Yaw Sys 0,061 19,15 0,005472571 0,0525 182,73 19,06 

Structure 0,026 8,16 0,002332571 0,0224 428,71 44,71 

Entire unit 0,006 1,88 0,000538286 0,0052 1857,75 193,74 
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The conclusions are the following: 

The components which are moving with some kind of friction (yaw 
system, mechanical brakes, drive train, the control system and the 
pitch/blades) which are basically the ones that are used to face the 
wind with the maximum yield, should be maintained with a 
preventive scheduled strategy, at least weekly. As the components 
are the ones working with friction the main problem could be the 
lubrication or in the case of the blades it can also be the snow or the 
ice set on them. 

The gear also has a high risk of failure compared to others, but in this 
wind farm, the gearless wind turbines that rotate slower and have no 
friction at all, solve this problem. Then the checking frequency can be 
a little bit longer. 

The entire unit should be checked before its failure average time. It 
means before every 194 days. To be sure of it, it would be better to 
do it monthly. 

Besides all this, there is the remote control system that gives 
continuous data of the electric values of each tower and the wind 
conditions, so the most potential failing components and wind 
turbines are known. 

The maintenance frequency is the following: 

Component Maintenance frequency 

Hub 3715,50 387,47 
Pitch/blades 71,45 7,45 
Electric Sys 176,93 18,45 
Control Sys 55,46 5,78 
Drive train 74,31 7,75 

Sensors 928,87 96,87 
Gears 68,81 7,18 

Mech. Brakes 82,57 8,61 
Hydraulics 743,10 77,49 

Yaw Sys 60,91 6,35 
Structure 142,90 14,90 

Entire unit 619,25 64,58 

 
service hours days 
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The decision made in the chart above is to check the component at 
least 3 times before it reaches the average time (either if it is service 
hours or days) of failure in order to prevent the entire wind tower 
failure and the loss of production. 
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10. CONCLUSIONS 

After all the studies and the results obtained, there are some key 
conclusions that should be emphasized. The first one is the 
importance of the preventive maintenance in terms related to wind 
towers. As it is seen in the thesis, statistics show that a failure in a 
wind tower could occur really frequently, and its consequences are 
not achieving the results expected. In order to avoid that, 
prevention is the better concept. It can be developed by many 
different ways and always taking into account the previous failures 
occurred. 

In the same direction, what begins to make a maintenance task 
efficient is the maintenance strategy chosen. It should be decided 
previously according to the effects that the failures have, the costs 
of the maintenance, the resources available by the enterprise, the 
objectives related to productivity and costs set by the managers, 
etc. In the concrete case of the wind towers, as it is conclude 
above, the preventive strategy is the better one. This is the main 
choice about the maintenance because it is the first step, the first 
decision.  

Finally, talking about the fact of carrying out the thesis, it has 
been very important having an open mind against obstacles and 
troubles that had been appearing while developing the thesis. It is 
a key factor to have the skill and the patience to think that maybe 
what you thought at first is not the best idea, so there are many 
other ways to follow the study or maybe some new ideas that can 
be appearing as the study is being developed. 
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