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ABSTRACT 

An interactive qualifying project presented on the energy demands of Turkish Republic and wind energy 

as an alternative for fossil fuel. In addition to that, future wind power plant sites, energy production 

estimation, economical and environmental outcomes are analyzed and interpreted. 
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INTRODUCTION 

This interactive qualifying project mainly focuses on using wind energy as a partial, alternative electrical 

energy resource in order to decrease the demand for fossil fuel. Project begins with describing the latest 

technology in wind power production as well as major components of a wind turbine. In addition to that, 

some information on wind turbine production and management companies are introduced in order to 

show the importance of wind energy throughout the world.  

Project also focuses on the building of such large scale wind turbines, potential wind energy production 

areas around Turkey. Analysis of wind energy capacity, wind speed and average annual electrical energy 

production estimations are all based on REPA; Turkish wind energy potential atlas.  

Feasibility and economical outcomes of wind energy are analyzed with the help of Ministry of Energy and 

bŀǘǳǊŀƭ wŜǎƻǳǊŎŜǎ 5ŜǇŀǊǘƳŜƴǘΩǎ Ƴƻǎǘ ǊŜŎŜƴǘ report and Turkish Energy Market Organization reports. 

Detailed construction, transportation and grid stabilization engineering cost analysis are beyond the 

scope of this project and were kept as simple as possible. 

Wǳǎǘ ƭƛƪŜ ǘƘŜ ƻǘƘŜǊ ŎƻǳƴǘǊƛŜǎ ŀǊƻǳƴŘ ǘƘŜ ǿƻǊƭŘΣ ¢ǳǊƪŜȅΩǎ ŜƴŜǊƎȅ ŘŜƳŀƴŘǎ ŀǊŜ ƛƴŎǊŜŀǎƛƴƎ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ 

population growth and industrial demands. Considering the fact that fossil fuel supplies in OPEC will last 

in the next century, energy industry must concentrate on alternative and reliable methods of supplying 

the demand. In addition to that, global warming is increasing proportionally with the fossil fuel usage for 

various demands related to energy. 
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HOW WIND TURBINES OPERATE 

The main energy source for the wind turbines is air. Air is a fluid; it has its particles in the gas form 

instead of liquid form. When air moves quickly, its particles move fast, in the form of wind. Meaning of 

motion is derived from the kinetic energy, which can be easily captured and very easy to use. For 

instance, it is like the water can be captured by the turbines of a hydroelectric dam. In our case, the fluid 

is captured by a wind turbine. Speaking of wind power, it all starts from the sun. The wind is a form of 

solar energy: 1% to 2% of the solar energy is converted in wind. It's just air in motion which is caused by 

ǘƘŜ Ǌƻǘŀǘƛƻƴ ƻŦ ǘƘŜ ŜŀǊǘƘΣ ǘƘŜ ƛǊǊŜƎǳƭŀǊƛǘƛŜǎ ƻŦ ǘƘŜ ŜŀǊǘƘΩǎ ǎǳǊŦŀŎŜΣ ƛǊǊŜƎǳƭŀǊƛǘƛŜǎ of the temperature in the 

atmosphere. The wind is more important in coastal and mountainous regions due to the amplified effect 

of atmospheric pressure difference on wind velocity. When the sun heats up a certain area of land, the 

air around that land absorbs some of that heat coming from the sun. At a certain temperature, the 

hotter air begins to rise very quickly since the given volume of the hot air is lighter than the equal volume 

of the 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. At the time that 

lighter hot air suddenly rises, cooler air flows quickly in to fill the gap and the hot air leaves behind. That 

movement of air rushing to fill up the gap creates the wind. The job of the wind turbine is to convert the 

fluid flow and create energy. In more specific way, Wind Turbines converts the kinetic the kinetic energy 

from the wind to the mechanical energy, using generators and the created mechanical energy, wind 

turbines create electricity. 

 

FIGURE 1-BASIC DESCRIPTION OF A WIND TURBINE 
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MAJOR COMPONENTS OF WIND TURBINES 

Typical wind turbines consists of a nacelle, rotor blades (propeller blades), hub, low speed shaft, 

gearbox, high speed shaft with mechanical brake, electric generator, yaw mechanism, electronic 

controller, hydraulics system, cooling unit, tower, anemometer and wind vane. The tower of the wind 

turbine carries the nacelle and the rotor. Towers may be lattice or tubular towers. Tubular towers are 

safer but more expensive. They are more commonly used since production capabilities are higher and 

more efficient. 

 

FIGURE 2-DETAILED COMPONENTS INSIDE THE TURBINE 
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ELECTRICITY PRODUCTION 

Rotating turbines attached to electrical generators produce most commercially available electricity. 

Turbines are driven by a fluid (wind) which acts as a renewable, natural intermediate energy carrier. 

Wind flowing through the blades creating the aerodynamic effect results in a force turning the rotor. The 

wind turbine converts kinetic energy of the wind to mechanical energy. After that, the generator 

converts mechanical energy to electrical energy by connecting the low speed shaft to the generator 

which has a angular velocity controlled by a speed brake and a gearbox. Unlike other electricity 

generators, wind turbine generators are different; this distinction comes from the supplier which is the 

wind turbine rotor and other than that, torque. 
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TYPES OF WIND TURBINES 

 Classification of wind generators, or wind energy collectors (WECs), can be based onto the 

turbine rotation axes and the geological positioning of the structure. Whilst the former has two classes, 

horizontal-axis and vertical-axis turbines; the latter has three classes: off-shore, on-shore and near-

shore.1 Horizontal ςaxis wind turbines (HAWT) are much more common than Vertical-axis wind turbines 

(VAWT) due to better energy extracting properties that shall be discussed later. 

Classification of wind generators on the geological positioning depends on distinct definitions of space 

and location. To clarify, off-shore wind generators must be positioned at least 10 kilometers or more off 

the shore. Near-shore turbines are positioned within 5 kilometers off the shore. On-shore turbines are 

positioned on the land. 

HORIZONTAL AXIS WIND TURBINES (HAWT)   

HAWTs have the rotor shaft and generator on top of the tower and they must be pointed into the wind 

to harvest electricity. Pointing process has been computerized thanks to wind sensors and servo motors 

to keep the wind hitting the blades at maximum angle and speed possible. However, the rotation caused 

ōȅ ǘƘŜ ǿƛƴŘ ƛǘǎŜƭŦ ƛǎƴΩǘ ŜƴƻǳƎƘ ŦƻǊ ǇǊƻŘǳŎǘƛƻƴ ǇǳǊǇƻǎŜǎΣ ǘƘŜǊŜŦƻǊŜΤ ǘǳǊōƛƴŜǎ ƛƴŎƭǳŘŜ ŀ ƎŜŀǊōƻȄ ŦƻǊ 

accentuating the rotation of the blades for generating electricity.   

HAWTs are upwind turbines that convert the energy of the high winds. Being positioned upwind is crucial 

due to the turbulence created by the tower of the turbine. Downwind mechanisms have been made, 

however; fatigue problems had arisen due to turbulence which affected reliability. Modern HAWTs 

operate on three stiff blades with tip speeds as much as six hundred percent of that of the wind. Three-

blade turbine structure has been adopted for commercial uses so widely that it has almost become 

synonymous with the turbine design since it features high efficiency and high reliability for energy 

production purposes. 
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FIGURE 3-HAWT BLADE DESIGN 

The blades are positioned to the side of the tower, aiding stability due to the proximity with the center 

of gravity. Also, this type of turbines self start, cutting the need (and the cost) of an auxiliary starting 

mechanism. Moreover, taller turbine towers, which are generally between 20 to 40m in height, give 

access to more energized, stronger winds. In some sites, 10m of altitude difference could mean %20 

more wind power and %30+ more energy production. Just because of the same reason though, HAWTs 

are more prone to damages in storms and higher transportation/installation costs. Consequently, on-

shore HAWT installations often raise controversies and fiery oppositions as they block or damage the 

land sight. Tower heights are subject to discussion in national security meetings in almost every country 

that utilize them since they do obstruct radar signals if they are placed near airfields or military bases.  

VERTICAL AXIS WIND TURBINES (VAWT) 

As the name suggests, in Vertical-Axis Wind Turbines, the rotor is horizontal to the ground, revolving 

ŀǊƻǳƴŘ ǘƘŜ ȫȊȫ ŀȄƛǎΦ ¢ƘŜ ŀŘǾŀƴǘŀƎŜ ƻŦ ǘƘƛǎ ƭŀȅƻǳǘ ƛǎ ǘƘŀǘ ǘǳǊōƛƴŜ ŘƻŜǎƴΩǘ ƴŜŜŘ ǘƻ ōŜ ŀōƻǾŜ ŀ ƘƛƎƘ tower 

and the gearbox, with other mechanical devices such as the generator, can be placed near the ground. 

Another property of this layout is blades do not have to be pointed into the wind. However, vertically 

mounted `blades` create excessive drag whilst rotation in the wind. Moreover, rotation and torque 

ŀǊŜƴΩǘ ŀǎ ǎƳƻƻǘƘ ŀƴŘ ƭƛƴŜŀǊ ŀǎ ƛƴ ǘƘŜ I!²¢ǎΣ ǿƘƛŎƘ ǎŜǊƛƻǳǎƭȅ ŘŀƳŀƎŜ ǘƘŜ ƛƴǘŜǊƴŀƭ ƻŦ ǘƘŜ ǘǳǊōƛƴŜ ŀƴŘ 

hinter reliability. 

HAWTs commonly have the three-bladed commercial turbine design, whereas VAWTs differ greatly in 

shape, size and function. Mainly they differ in function by how they capture the wind: Lift-type and Drag-
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type.2 Drag-types are mostly simplified to three-cup anemometers, which can also be seen in WPI 

campus on the wall of Higgins Labs. What determines the differences is Tip Speed Ratio (TSR). In drag-

type VAWTs, TSR can never exceed 1, and commonly will be less than 1, since the tip of the `cups` cannot 

exceed the speed of the wind.  However, if TSR is greater than 1, it means there is some lift in the 

turbines, hence lift-type VAWTs. Lift-type turbines combine better efficiency and more power, therefore; 

are preferred over drag-type VAWTs. 

Most common Drag-type VAWT is `the Savonius`. Having an S-shaped rotor, this turbine uses buckets, 

sails, drums and paddles to catch the wind and, if made well, can exceed a TSR of 1. However, these 

devices cannot be utilized for generating electricity as it cannot operate above 100RPMs. [1000 RPMs 

and more is required for efficient electricity generation.] They are mostly used in rural areas to grind 

grain and pump water. 

Lift-Type VAWTs are generally known to be Darrieus Type, which is an eggbeater shaped shaft and blade 

design. The output of a lift-type VAWT is sinusoidal, having massive differences during the rotation due 

to the fact that each blade cuts the wind twice per rotation. Furthermore, long vertical blades each have 

various natural frequency of variation; thus those values must be avoided during rotation to keep the 

turbine and tower intact from damages.  

 

FIGURE 4-VAWT(LIFT-TYPE)
3
 

 

VAWTs are almost impossible to mount on top of high towers, therefore; they deal with the lower, more 

turbulent winds. Hence their energy productions are much less than those of HAWTs. 
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OFF-SHORE WIND TURBINE LOCATIONS 

Off-Shore zones are located more than 10 kilometers away from the shore and mostly preferred by the 

community since they are far less obtrusive than on-shore zones. One reason for this preference is off-

shore wind turbines are much lower than the land ones as water has less surface roughness compared to 

land, making high speed, high energy winds possible at the sea surface.  

Off-Shore wind power plants have an expense problem. First of all, available zones for wind turbine 

`farms` are far less than land options. Second, installation of corrosion protected towers to the sea floor 

is a highly expensive process, let alone the maintenance and power transmission costs. To send the 

electricity generated to the stations on land, underwater transmission cables must be used, which also 

add up on the cost list. Also, transmission of electric current must be alternated to high voltage direct 

current over long distances; therefore additional hardware is a must for off-shore farms.  

  So what makes off-shore wind turbines profitable? The answer is average cost. Off-shore farms often 

consist of hundreds of turbines, maybe more, which sums to colossal energy production volumes, thus 

reducing the average cost per watts. In addition to sheer volume of these farms, off-shore turbines 

usually are the largest turbines around, having much bigger blades and higher output values. 

ON SHORE WIND TURBINE LOCATIONS 

On-shore zones are mostly on top of hills or elevated lands that are almost 3 kilometers from the nearest 

shoreline.  Theory behind this application is to obtain the maximum wind speed from the accelerating 

effect of hills and steep land on the coastal winds. Determining the exact location of greatest wind speed 

is crucial for maximizing output and the process is known as `micro-siting`. Detailed wind maps of the 

area are constructed with the help of anemometers since 20m of positioning difference could double or 

half the output numbers.  

Like every engineering problem, on-shore turbine installation has a drawback that has to be considered: 

effect on local habitat. Hilltops and coastal areas are perfect to harvest the wind generated by the 

heating/cooling difference of land and sea, yet tall turbine towers often degrade the appearance. More 

in so, local winds are used for navigation by migrating birds so perfect location for a wind farm quite 

possibly be the perfect location for the birds also. Politically supported debates and oppositions usually 

arise for installation of wind farms on land in many countries. 
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NEAR SHORE WIND TURBINE LOCATIONS 

Near-shore locations are described as a hybridization of distance parameters. They are mostly 

considered to be within 3 kilometers of inland and 10 kilometers of offshore. Near-shore farms also 

hybridize the thermodynamic and aerodynamic properties of offshore winds and onshore winds.  Shores 

are ideal places for turbine installation due to strong convection winds. Moreover, winds on sea surface 

carry much more energy at the same speed than the winds over mountains and elevated landscapes 

since the density of wind is higher on sea surface. 
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WIND TURBINE SPECIFICATIONS 

For commercial energy solutions, HAWTs with upwind rotor direction are usually chosen for their 

superior efficiency and output over VAWTs. Commercial HAWTs vary in output in regards to their rotor 

diameters.   Energy output values with corresponding rotor diameters from eminent manufacturers of 

the industry are illustrated in Table 1. 

Manufacturer Rotor Diameter Energy Output 
Enercon Gmbh. E-33 33.4 m  330 kW 

Enercon Gmbh. E-44 44.0 m  900 kW 

Enercon Gmbh. E-48 48.0 m  800 kW 

Enercon Gmbh. E-53 52.9 m 800 kW 

Enercon Gmbh. E-71 71 m  2,300 kW 

Enercon Gmbh. E-82 82 m  2,000 kW 

Mitsubishi Heavy Industries MWT-1000 57 m  1,000 kW 

Mitsubishi Heavy Industries MWT-1000A 61.4 m  1,000 kW 

Mitsubishi Heavy Industries MWT-92/2.4 92 m  2,400 kW 

Mitsubishi Heavy Industries MWT-95/2.4 95 m  2,400 kW 

Siemens Power Generation SWT-1.3-62 62.0 m 1,300 kW 

Siemens Power Generation SWT-2.3-82 82.4 m 2,300 kW 

Siemens Power Generation SWT-2.3-93 93.0 m 2,300 kW 

Siemens Power Generation SWT-3.6-107 107.0 m  3,600 kW 

REpower Systems AG. MD77 76.5 m 1,500 kW 

REpower Systems AG. MM70 70.0 m 2,000 kW 

REpower Systems AG. MM82 82.0 m 2,000 kW 

REpower Systems AG. MM92 92.5 m 2,000 kW 

REpower Systems AG. 5M 126.0 m 5,000 kW 

TABLE 1-ONSHORE/OFFSHORE WIND TURBINE SPECIFICATIONS
4
 

Two turbines in this list, Siemens Power Generation SWT-3.6-млтϰ ŀƴŘ w9ǇƻǿŜǊ {ȅǎǘŜƳǎ !D рaϰΣ Ŏŀƴ 

be utilized only in offshore plants due to their massive proportions.  

For onshore medium wind speed applications, rotor diameters between 40 to 60 meters are chosen with 

tower heights ranging from 50 to 76 meters. These medium sized turbines usually produce 600-800kW 

per unit and mostly used throughout the world for their convenient installation and manageable sizes. 

These turbines will be the ones will be concentrated on much frequently in this project. 
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PARTS OF WIND TURBINES 

ROTOR 

 

FIGURE 5-PICTURE OF A TYPICAL WIND TURBINE ROTOR 

Rotors are usually twisted or flat objects connected to a center shaft that converts the push of the wind 

into a circular motion in a wind turbine. Most rotors have three blades. Small scaled wind turbines may 

have two blades. Blades are designed like an airplane wing, creating an imbalance between the lift and 

ǘƘŜ ŘǊŀƎ ŦƻǊŎŜ ǘƻ ŎŀǇǘǳǊŜ ǿƛƴŘΩǎ ŜƴŜǊƎȅΦ CŀƳƻǳǎ Ŝǉǳŀǘƛƻƴ ŀƴŘ ǇǊƛƴŎƛǇƭŜ ƻŦ .ŜǊƴƻǳƭƭƛ ǳǎŜŘ ƛƴ ǘƘŜ ŘŜǎƛƎƴ ƻŦ 

the blades.  

’2”

2
+ ”ὫὬ+ ὖ= ή+ ”ὫὬ+ ὖ= ὅέὲίὸὥὲὸ                                     (1) 

Where, 

’= fluid velocity, 

g=acceleration due to gravity, 

”= density of the fluid at all points on the streamline, 

h = height of the point on the streamline, 

P = pressure at the point on the streamline, 

q = dynamic pressure. 

Blades of the wind turbines are made of aluminum, titanium, steel, carbon fiber, fiberglass and wood. 

Most of the modern wind turbine blades are made of fiberglass solidified by polyester. Steel blades are 

durable to bending and to yield but still they have the problem of stress and corrosion. Aluminum blades 

are lighter than the steel blades and durable to corrosion and stress. It is more expensive than the steel 

ŀƴŘ ƘŀǊŘŜǊ ǘƻ ǇǊƻŘǳŎŜΦ CƛōŜǊƎƭŀǎǎΩǎ ǘŜƴǎƛƭŜ ǎǘǊŜƴƎǘƘ ƛǎ пнл bκƳǎ2, for steel 52 it is 520N/nm2, for the 

epoxy plastic fortified by carbon fiber, the tensile strength is 550N/nm2 and this is even better than the 

steel. The main problem on epoxy plastic is its elasticity which is 15kN/nm2 ǿƘŜƴ ǘƘŜ ǎǘŜŜƭΩǎ ŜƭŀǎǘƛŎƛǘȅ 
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was 210kN/nm2. That is the reason why very large diameter blades are made of epoxy plastic fortified by 

carbon fiber which has elasticity of 44kN/nm2 instead of fiberglass. However, this material is expensive. 

Rotor Size and Maximum Power Output 

Rotor Diameter (m) Power Output (kW) 

10 25 

17 100 

27 225 

33 300 

40 500 

44 600 

48 750 

54 1000 

64 1500 

72 2000 

80 2500 

Source: Danish Wind Industry Association, American Wind Energy 

Association 

TABLE 2-ROTOR SIZE AND RATED POWER OUTPUT 
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GEARBOX 

 

FIGURE 6-TYPICAL GEARBOX OF A WIND TURBINE 

Revolutions of a wind turbine vary between 15-20RPM during average rated wind speeds. This power 

from the blades is transferred to the generator by the gearbox passing through the power train and high 

speed shaft. High speed shaft is vital ratio is needed to increase this speed before transferring to the 

ƎŜƴŜǊŀǘƻǊΦ плwta ŀƴŘ плл wta ōǳǘ ƎŜƴŜǊŀǘƻǊǎ ǊŜǉǳƛǊŜ wtaΩǎ ƻŦ мнлл-3000. This means the gearbox 

converts slow and high power torque from the blades to high speed low torque to the generator. Wind 

ǘǳǊōƛƴŜȫǎ ƎŜŀǊōƻȄ Ƙŀǎ ŀ ŦƛȄŜŘ ƎŜŀǊ ǊŀǘƛƻΣ ƛƴ ƻǘƘŜǊ ǿƻǊŘǎΣ ƛǘ ŘƻŜǎƴΩǘ ŎƘŀƴƎŜ ƎŜŀǊǎ. There are three types of 

common gearboxes; planetary, helical and worm. 
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FIGURE 7-PLANETARY GEARBOX 

 

FIGURE 8-HELICAL GEARBOX 

 

FIGURE 9-WORM GEARBOX 
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Usually, planetary gearboxes are used in the wind turbines. They are very flexible in design and they 

increase the operational efficiency. This type of gearbox provides extremely low speeds. Also deliver high 

reduction ratios and transmit higher torque values. They are very compact and lightweight. They need 

little space for installation. They are very reliable due to the distribution of stress among different loads. 

Like any other engine parts, gearboxes are made from Stainless Steel, Aluminum and Copper. The usage 

of Stainless Steel is around 96-98%; usage of Aluminum is around 1-2%, the usage of Copper is 0-2%.  

GENERATOR 

 

FIGURE 10-EXAMPLE DRAWING OF A GENERATOR 

Basically, a generator is a simple device. It uses the properties of electromagnetic induction to generate 

electric voltage. Voltage is an electrical pressure which forces to move electricity or electric current. A 

generator consist magnets and a conductor. The conductor is a coiled wire. Inside the generator, the 

shaft connects to an assembly of magnets where one of the magnets is stable the other one is rotating 

relative to the other. When the rotor spins the shaft, the shaft spins the assembly of magnets and the 

magnets produce electric current. There are two types of generators used in wind turbines. They are 

Alternate current or direct current generators. The current that acquired in the generator might be 

inefficient but there are few power electronics mechanisms that can regulate the electricity for the grid. 

Direct current generators are not preferably used in large wind turbine sites. The reason for that is the 

maintenance cost and alternate current generators are cheaper. Direct current generators are commonly 

used in small sized sites and to store energy to the batteries. 

Generator is the main device that is used to convert mechanical energy into electrical energy. The law of 

electromagnetic induction is the basic principle to create stable alternating current at the desired 

frequency. Rotating part of the generator (rotor) is connected to the low speed gearbox which regulates 

the angular velocity of the turbine rotor. The stationary part, (stator) provides magnetic field which 
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induces electric current to the grid. As a result of this simple law discovered by Michael Faraday, the 

mechanical energy is converted to electrical energy and supplied to the grid. There are two common 

types of alternating current generators used in large scale the wind turbines. Large scale turbines 

produce 3-phase electricity. (50 or 60Hz frequency ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ƎǊƛŘ ǊŜƎǳƭŀǘƛƻƴǎύ     

Synchronous generators are made up of an electromagnet or permanent magnets in the rotor and 

induce 2 pole magnetic field, synchronizing with the rotation of the magnetic field. A brief visualization, 

courtesy of Danish Wind Industry Association is given below. 

 

FIGURE 11-SYNCHRONOUS GENERATOR PRINCIPLE 

Unfortunately, synchronous generators have a major design issue which makes them less desirable for 

wind power generation. Permanent magnets which are powerful enough and have long magnetization 

life inside such magnetic fields are very expensive. On the other hand, having an electromagnet rotor 

means having a AC/DC converter which is additional cost, wiring, maintenance, protection(in case of an 

emergency) etc. Another disadvantage of such generators is that it cannot be started with full power, 

especially in case of a large scale power production and needs a control system to prevent any damage 

to rotor or stator. 

Asynchronous generator or induction generator is the most commonly used wind turbine generator part 

since it is less costly compared to synchronous generators. Instead of using slip rings or brushes, 

asynchronous motor uses a cage rotor (Figure 12) that gives it a big advantage for this application as it 

increases the lifetime of these motors, decreasing the maintenance costs. The generator slip in 

asynchronous generator is another advantage, producing the maximum power when synchronous 

rotational speed differs by 1%. There are many patented technologies for providing stable and efficient 

power outputs for wind turbines, using the induction motor. 
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FIGURE 12-CAGE ROTOR OF AN ASYNCHRONOUS GENERATOR 

CONTROLLER 

Controller for a large scale wind turbine is one of the most important parts which physically is very small 

but has a role for every single part of the wind turbine. Yaw mechanism, weather and temperature 

status, wind speed and direction, generator on/off, gearbox, break pressure, active/reactive power 

control, emergency shut down or even optimizing the electricity produced (in terms of frequency of 

alternating current) are some of the roles of a controller on a wind turbine. In addition to all these 

features, controller of a wind turbine needs to have a good EM shield, high end DSP chip for filtering all 

the incoming/outgoing data and interpreting and feeding the results back to the control circuit, and a 

powerful hardware program which also communicates with the grid operators by sending real-time or 

logged data stored in its memory.  

 

FIGURE 13-TYPICAL CONTROLLER, AC/DC TRANSFORMER PANEL ON A WIND TURBINE 

  



28 
 

COOLING SYSTEM 

Like every other machinery, wind turbines also need to be cooled while operating. Transformers, 

gearbox, power regulator (if exists), controller, brakes are some examples of devices that create heat 

while operating. There are two kinds of cooling used by manufacturers.  

Liquid Cooling: They are in small scale, very compact and electricity efficient. A more complicated and 

higher cost design can be considered as a disadvantage. They have to have a radiator in the nacelle 

which produces more weight at the top of the tower and that radiator need to be cooled too. 

Air Cooling: Basically, large fans are in use for air cooling which cools relatively better but high electric 

consumption. 

BRAKES 

Wind is an unstable resource and it sometimes can be very hazardous to wind turbines. Breaks are very 

critical and important devices that prevent wind turbines getting damaged in high wind speeds. There 

are three parts. 

1. Aerodynamic efficiency: 

¶ To change the blade angle and turn the blades.  

¶ To operate in constant RPM 

¶ To prevent the lift force and increase the drag force 

2. Minimize the effective area 

¶ To rotate the blades to the wind  

¶ To change the rotor geometry 

3. To Break 

¶ Mechanics and hydraulics 

¶ Air breaking 

¶ Electric power 

Electro-mechanical brakes will soon be new standard in wind turbines. They are superior compared to 

the hydraulic brake systems. They are more economical, safe and have low maintenance costs. 
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WIND TURBINE BRANDS AND PRODUCTION CAPABILITIES 

Green energy production companies are on the rise all around the world. There are plenty of companies 

producing wind generators that only assemble the parts and ship it to the end user or producer. As the 

need for the clean energy increases, even the money hungry corporations and big names such as General 

Electric, Siemens, Mitsubishi, Emerson and many more have their own wind power generation divisions. 

Those companies have the production capabilities and the research, improvement facilities and fund 

their engineers to produce better wind turbines and patent their innovations. 

The most important factor that these big corporations care so much about wind turbine production and 

green energy is obviously because of possible financial outcomes of this business. As the world 

population grows, humans demand more energy. In addition to that increasing living standards raises 

this demand to a higher level. It also is known for a fact that fossil fuel supply of the world will not be 

able to support this demand forever and the wars for the last piece of this cake has already begun. 

Therefore, whether these corporations start or control this business or not, there is going to be some 

company which will provide wind turbines. The profitability of this business is worth spending the money 

and is the main reason for these corporations to have Wind turbine production divisions. Many countries 

including Turkey, which has very suitable locations for wind power, see the demand for energy and how 

profitable it will be to have its own energy production opportunities, rather than importing energy. At 

this point, it is pretty simple to see that Wind is a free energy source that will last forever, with a varying 

magnitude in time.  

Another reason is the protection of the environment and global warming. The earth has to be a place 

where civilization and nature can both survive. Humans and nature need fresh water, oxygen, 

ŀǘƳƻǎǇƘŜǊŜΣ ƻǘƘŜǊ ƭƛǾƛƴƎ ǘƘƛƴƎǎΣ ŀƴŘ ǘƘŜ ǊƛƎƘǘ ŀƳƻǳƴǘ ƻŦ ¢ƘŜ {ǳƴΩǎ ŜƴŜǊƎȅΦ wŜŎŜƴǘ Ǉƻƭƭǳǘƛƻƴ ƭŜǾŜƭǎ ŀƴŘ 

forest destructions is not letting the earth keep this balance at its ideal level and that affects everyone. 

Therefore it is mandatory for everyone to care about the earth and find ways to produce green energy. 

As the sensitivity of environmental protection increases, humans demand more green energy and 

appreciate the work of these big corporations by having emotional connections towards them. This 

means the increase of publicity for a corporation and the name of the brand which can have a larger 

slope of production increase than many other factors affecting sales. Therefore these companies use 

green energy also as a way of advertising which is obviously observed in their website designs for wind 

energy.  
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FIGURE 14-{L9a9b{Ω !5±9w¢L{9a9NT ON GREEN ENERGY. 

GENERAL ELECTRIC 

General Electric has a great website only designed for Wind Power production. 1.5, 2.5 and 3.6MW wind 

turbine products are currently available for order. General Electric produces only macro scale wind 

turbines as seen at the power production characteristics of the available products. More than 39,000 

megawatts of wind energy are installed by General Electric throughout the world, and forecasts for wind 

power continue to be favorable with more than 83,000 cumulative megawatts predicted worldwide by 

2007. GE offers installatƛƻƴΣ ƻǇŜǊŀǘƛƻƴ ŀƴŘ ƳŀƛƴǘŜƴŀƴŎŜ ǎŜǊǾƛŎŜǎ ŦƻǊ ǿƛƴŘ ǘǳǊōƛƴŜǎΦ D9Ωǎ capabilities are 

engineering, procure construction and operate wind projects. Moreover they partner with worldwide 

customers through joint developments, providing the full range of development services or partial, 

customized assistance which were done with projects in California, France, Sweden and the United 

Kingdom. 

SIEMENS 

hƴŜ ƻŦ DŜǊƳŀƴȅΩǎ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ŎƻǊǇƻǊŀǘƛƻns, Siemens focuses its motto and slogans on 

environmental care. The largest turbine size available is 3600kW and most of the generators are as large 

as 2300kW but their applications are vary on or off shore. Siemens started this business in 1980s with a 

22kW wind turbine and now has hundred times larger turbines compared to their past. Total wind power 

harvesting of Siemens wind turbines is predicted around 6296MW as of today.  

 

THE ABB GROUP 

Automation and Power Technologies is also a very successful corporation, producing both wind farms 

and wind turbines. The turbines are separated from high to low speed and induction versus synchronous 

generators. The synchronous generators can produce up to 5000kVA and induction wind generators are 


