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ABSTRACT: 

 

The blades of the wind turbine may face various winds at a widely differing load. 

Composite blades could indeed face extreme tip displacements under severe wind 

conditions. In the case of a failure of the turbine system, extreme blade tip 

deflections due to heavy loads are of serious importance as the tower strikes one 

of the rotors while rotating. In this Capstone project, the highest blade tip 

displacement of small wind turbines has been discussed with a reliable structured 

approach. The blade displacement (deflection) analysis was performed according 

to the IEC Standard for Small Wind Turbines (IEC 61400-2) requirements. An 

11-kW wind turbine case study was disclosed. The maximum deflection has been 

initially evaluated using the national renewable energy laboratory's 

(NREL) FAST code (fatigue, aerodynamics, structures and turbulences). The 

displacement result calculated were then compared to the ANSYS simulation 

results. 
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I. STEEPLE ANALYSIS 
 
 
Social: Morocco is renowned for its great heritage and friendly society with regard to social 

aspects of the country. Morocco is a country in which people are respectable, relying only to a 

minimum, without complaining much. The increasing use of technology has, that being said, 

allowed people to connect even more and to become aware of some factors, especially domestic 

development, have mobilized people to try to implement changes in government to provide the 

nation with a better standard of living. Morocco is recognized for its consumer culture but has 

never succeeded as much as other nations in the global consumer culture. The consumer culture 

of Morocco focuses on fundamental needs. 

 

Technological: Morocco is well known in the field of IT technology and underground. In 

addition, Morocco is increasing significantly in terms of the use of new tech, notably 

accessories, with the personal computer to become closely common to all. Analysis is however 

stalled and pending with regard to the launch of innovative products. The company has not 

followed the desired pace in Morocco in the technology field. In Morocco, many other 

organizations are external companies with locals working at low levels and taking no decisions. 

However, the country directed to jump spear to incorporate new energy techniques. The main 

goal of this project is to establish and homogeneously balance electrification of rural areas 

which would be part of the rural development. 

 

Economic: Morocco is fiscally a fort which offers its citizens with enough price positioning 

and grounding to maintain a balance in the industry, to maintain a level playing field with each 

individual's consumption. The Moroccan economy is fairly unstable, owing to its high- and 

low-class unemployment rates and high gap. Morocco is indeed a nation that is heavily 

investing in big projects like the TGV and the world's biggest solar power plant. This project 

would allow the country to decrease its taxes on fossil fuel and energy sources for its foreign 

suppliers. 

 

Environmental: In recent years Morocco has made great efforts in renewables, with the latest 

projects in its advancement (cited later one in this report). The aim can be one of the local 

projects of this capstone project. 
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Political: a constitutional monarchy the ruling state if the Kingdom of Morocco. A number of 

37 political parties represent the voice of the country and give the nation's effort and time to 

guarantee the safety and economic stability of the country. Mohammed VI, the king of 

Morocco, is the country's religious leader and offers the nation with assistance on all issues. 

This can be seen in the plan to have greater economic freedom for a solar plant and less 

dependent on the Middle East countries which supply petroleum products to Morocco. 

 

Legal: from the traditional French civil law to the Islamic Sharia, Morocco is a country with a 

dual judicial system. However, Moroccan law is rather restrictive, and it does not leave any 

room for consideration in the courtrooms, either organic or ordinary. Numerous initiatives in 

the country have been stalled as it takes years for the procedure to move things around. One 

instance is the insurance companies that ensure solar panels for farms that would benefit the 

country, and yet insurance companies are concerned about implosions with high risks. 

 

II. INTRODUCTION: 
 

Most wind turbines have experienced massive failures in the wind energy background, since 

the tip of the blade is hitting the tower in adverse weather climates. When it is distorted by wind 

loads when compared with the static blade, the wind turbine blade tip deflection is known as 

the blade tip changes. Throughout a wind turbine model, the amount of the displacement of the 

blade tip and the tip of the turbine to the tower height is proportional to the point of the blade 

when it is uncharged. The shifting of the blade tip happens mostly when the loads applied are 

moving in the flat direction. 

 

The precise specification of the necessary minimum clearance between the tip of the blade and 

the edge of the tower is essential if disastrous damage is to be avoided because the blade 

unnecessarily deflects and hits the tower. The primary causes of plain bending periods are 

aerodynamic loads. In severe functional circumstances when the Airfoil blade is subjected to 

high relative wind speed, the aerodynamic characteristics of the Airfoil cause the lifting and 

drag portion. 
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These aerodynamic forces that we have just mentioned are tackled into an effective force 

(elevation) operating in the context of rotation and reaction pressure applied on the flaps within 

the bending plane. Various methods and techniques for determining and tracking wind turbine 

tip displacement were developed in the literature. MEMS-based gyroscope is a sensor for real-

time measurement of the deflection of the wind turbine tip. The blade tip displacement from 

the 3-dimensional gyro sensor data is calculated using a neural network model-based 

calculation procedure. 

 

In a research, the wind turbine blade deflection was calculated and analyzed according to IEC 

61400-1 E3 standard and the intense load extrapolation methods were considered. They 

observed that the turbulence level has a major impact on the splitting of the rotor, and the effect 

of excessive spinning should be regarded in order to define wind turbine protection when the 

turbulence intensity is high. In a study that utilized the deflection of the rotor blades as a 

parameter in a multi-criterion restricted optimum architecture model for the identification of an 

optimal blade structure. 

 

They therefore propose a procedure based on a final discrepancy based on arbitrary beam 

bending and time principle using measurable strains for the measurement of wind turbine blade 

tip deflection. A research was carried out in order to determine a maximal deflective tip, using 

a configuration and FEA study of mixed airfoil blades of a 10 kW small turbine. The objective 

of this project is to correctly deflect a wind turbine's blade tip under severe load conditions, 

according to the specifications for small wind turbines set by the IEC 61400-2 standards. In the 

following steps, the research performed in this paper can be summed up: 

 

Initially, a comprehensive blade geometry definition is given. This covers airfoil co-ordinates, 

the chord and twist angles arrangement, the configuration of the inner blade, the blade root 

attachment, the composite material and the layout of the fiber. The mechanical characteristics 

and mass distribution of the blade are then calculated using Laminator software and PreComp 

code, which is the pre-processor for calculating blade characteristics. The wind status is 

described with TurbSim Code, a stochastic wind-simulator, full-field and turbulent. Then 

BModes code supplying dynamic modes is used to measure coupling modes of the spinning 

blade. 

 



 
 
 

11 

The previously defined parameters will be used as inputs to the FAST code which we have also 

identified earlier in this paper, to calculate the blade's deflection. Eventually, the maximum 

deflection from the FAST code and the Ansys program would be compared. The method 

presented in this capstone project has the privilege of being able to compute the maximum blade 

tip displacement when taking into account rotor blade configurations.  

 

1. HISTORY OF WIND ENERGY: 
 
Humans have been exploiting wind energy a long time ago. It started 5000 BC when they were 

using it for navigating with boats. Since then, the way of using wind has changed to windmill 

and specifically windmill Panemone in Persia which is a type of vertical wind turbine that 

appeared around the (7th-9th ) century that was used for food production such as pumping water 

or grinding grains. This technology was spread in Europe and eventually got improved by the 

Dutch to large windpumps to drain lakes. In the late 18th century, the windmills had another 

perspective which was to use wind for mechanical power that included many features that were 

integrated for electricity-generating wind turbines. [1] 

 

Figure 1: Panemone Windmill & Ancient Windmill 
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2. WORKING PRINCIPAL WIND TURBINE: 
 
There are variations in air pressure in the wind systems over the earth's surface. In turn, the 

changes in solar heating are caused. Warmer air rises to take its place and cooler air rushes in. 

Wind is simply air movement from place to place. There are worldwide wind patterns in 

connection with large scale solar heating and natural changes in the incidence of solar in 

different regions of the world. The effects of temperature variations between land and the sea, 

or hills and mountains, also have localized wind patterns. With above ground height, wind 

speed usually increases. Wind turbines function on a basic principle: wind turbines utilize wind 

to generate electricity rather than using electricity to generate wind.  The wind turns the turbine's 

propeller-like blades across a rotor that spins an electricity generator.  

Wind is a source of renewable energy induced by three simultaneous events:  

1. The sun heats the atmosphere irregularly  

2. Earth's surface irregularities  

3. The earth's rotation. 

The patterns and speeds of wind flows are widely different and altered by water bodies, 

vegetation and terrain disparities. For many reasons people use this wind flow or motion energy: 

navigation, kitting, and even electricity generation. The concept "wind power" describe the 

wind's production process for mechanical or electricity generation. The mechanical power 

could be used for particular tasks like grinding grain or water pumping or even this mechanical 

power can be converted into electricity by a generator.  

An aerodynamic force from the rotor blades, that further work as an aircraft wing or helicopter 

rotor blade, transforms a wind turbine into electric power. The air pressure on one side of the 

blade tends to decrease whenever the wind runs through the blade. The pressure difference 

between the two ends of the blade produces both elevation and drag. The lifting force is higher 

than the drag and the rotor spins in this way. The rotor is connected directly or via a shaft to the 

generator with a series of gears which speeds up motion and makes a smaller generator possible. 

This aerodynamic translation into a generator spinning creates power. 
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3. MAXIMUM ENERGY EXTRACTED FROM WIND AND 

BETZ LIMIT: 
 
The electricity generation and use have become a key issue in the face of today's severe energy 

crisis, and energy efficiency has now become a major concern. Electricity production and 

consumption in a large part of human society are clearly connected to daily life and power 

research questions are absolutely critical and considerate. Conscious of the global warming 

problem, people tend to rely more on renewables. Wind provides an irregular but ecologically 

responsible source of energy which does not cause air pollution among the different renewable 

energies. There were different concepts for wind energy distribution – among them power 

generation and the maximum theoretical wind power as per Betz's law. Such as estimated limit 

on maximum wind turbine power, the maximum wind power has been demonstrated in more 

accurate limits. Furthermore, different equations among mean power density and mean wind 

speed were obtained. These are easy and useful to remove places for installing wind turbines. 

The vortex theory was used by Betz and Joukowsky to endorse the output of Froude and 

simultaneously achieved optimal effectiveness of a wind turbine. The Joukowsky limit in 

Russia and the Betz limit has been known for this efficiency. Even as scientists recommended, 

this outcome should be referred to as the Betz-Joukowsky limit everywhere due to the 

contribution of both scientists. The Betz number B = 16/27 shows the maximum efficiency of 

a wind turbine. This means that the maximum electricity from the wind or the electricity 

coefficient, not exceeding the Betz limit, could be retrieved from the optimal wind turbine. The 

scientists have calculated the maximum power coefficient of an optimal wind turbine with a 

limited number of blades based on specific calculation of Goldstein functions. The upper limit 

has always been less than the absolute limit of Lanchester-Betz-Joukowski, as was anticipated. 

According to its research results, a rise in the number of blades means that the power coefficient 

is increasing, taking into consideration of wake flow tweak, which approaches Glauert's 

approximation for a rotor with an infinite number of blades. 
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4. COMPONENTS OF A WIND TURBINE 
 
Wind turbines use the power and electricity of the wind, they operate the contrary of a fan. 

Wind turbines use the wind rather than using electricity to produce electricity. The wind turns 

the blades and turns an electrical generator. This figure gives a detailed perception of the inside 

and parts of a wind turbine as well as its features. [2] 

 

Figure 2: Components of a Wind Turbine 

Anemometer:  

Aims to measure the wind speed and communicates the control system's wind speed data.  

Blades:  

When wind is blown over it, it elevates and rotates, causing the rotor to rotate. Either two or 

three blades are applicable to most turbines.  

Brake:  

Helps stop the rotor in emergency situations either mechanically, electrically or hydraulically.  
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Controller:  

The engine starts at the wind speed of approximately 8 to 16 miles (mph) per hour and closes 

the engine with approximately 55 mph. Turbines do not perform at wind speeds exceeding 55 

miles per second since high winds can damage them. 

 

Gear box:  

Designed to connect the low velocity shaft to the high-speed shaft and rises the rotor velocity 

to around 1,000-1,800 rpm from around 30-60 spinning rotations per minute; that's the 

rotational velocity needed in many of these generators for energy production. The transmission 

box is a pricey as well as big part of the wind turbine and the technicians explore "direct drive" 

generators which result in a reduced speed and do not require gearboxes. 

Generator:  

Generates electricity from 60 cycles AC; generator is generally off shelf. 

High speed shaft:  

Generator driver.  

Low speed shaft:  

Moves the shaft at around 30-60 rpm. 

Nacelle:  

Sitting on top of the tower, it appears to contain the gear box and the shafts low and high-speed, 

the generator.  

Pitch:  

Wind blades to handle the rotor speed and prevent the rotor from rotating in winds which are 

too high or too low for electricity to be able to generate.  

Rotor:  

Blades and hub form the rotor together.  
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Tower:  

Produced from tubular steel, concrete or steel lattice. Sustain the turbine framework. So even 

though wind speed increases with height, higher turbines can create more electricity and much 

more energy. 

Direction of the wind:  

Dictates turbine design. 

Wind Vane:  

Indicates the quality of wind and interacts with the yaw drive to correctly situate the turbine to 

the wind.  

Yaw drive:  

Rotates wind turbines to maintain the direction in front of the wind. Downwind turbines need 

no yaw drive as the wind is blowing the rotor away manually. It is not necessary.  

Yaw motor:  

This motor powers the yaw drive. 

 

5. TYPES OF WIND TURBINES: 
 
Two separate wind turbines exist. Such turbines are frequently used to micro generate, which 

means they can be used even for energy production in a residence.  

The two types are: 

Horizontal axis wind turbines 

Because of their resilience and effectiveness, horizontal wind turbines are by far the most 

frequently used turbines. This is why the rotor shaft must be installed at the tower top, so that 

the turbine can subject itself to stronger winds. The foundation of the towers should be 

especially powerful. With turbine blades curved to the wind, blades can rotate more power than 

the wind turbine with the vertical axis. Nevertheless, the building of such a turbine requires 

extensive tow assistance for the mass of the blades, gearbox and generator and the use of a large 

grid to lift the parts up to the top of the turbine. In the occasion that the wind blows down, the 
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framework of the turbine may be metal fatigue, that may lead to structural collapse. The turbines 

with an upwind design can be resolved. For horizontal axis wind turbines to monitor wind 

direction, an added lag out control should be used to avoid damage to the turbine. 

 

Vertical axis wind turbines  

In comparison to horizontal axis wind turbines, frequent shifts in wind direction are less 

impacted as blades are perpendicular to the ground on the rotor shaft. The turbine does not even 

have to rotate to track the wind directions with the blades and shaft configured in this way. 

Given the difficulty of fitting the shaft with its parts on the tower, the shaft is fitted near the 

ground. One of the advantages of being fixed to the floor is that it is easier to maintain the 

turbine and can be constructed at top of buildings. In addition to the highest wind speeds, there 

are downsides to this turbine system because the efficiency of this is decreased due to air drag 

and lower wind speeds. 

 

 
Figure 3: Vertical axis wind turbines & Horizontal axis wind turbines 

 

6. WIND TURBINE POWER COEFFICIENT (Cp) 
Power Coefficient is an indicator of the effectiveness of wind turbines which is often used by 

the wind turbine industry. Cp is the ratio of the actual wind turbine electricity, divided by total 

wind energy that flows at specific wind speed to the turbine blades. This defines the power 

coefficient of wind turbine blades, shaft rollers and gearbox, generators, and electronics as a 

combined effectiveness of the various wind power systems elements. 



 
 
 

18 

Cp is computed or quantified by the manufacturer for a specific turbine and normally delivered 

at different wind speeds. People can use this Cp to calculate the electrical power output at a 

specified wind speed for a particular turbine.  

The Cp of a specific wind turbine depends on different operating parameters such as wind 

speed, blade angle of turbine, turbine speed of rotation, ... This is a measure of the overall 

effectiveness of a specific wind turbine. The wind power capacity factor should never be 

conflicted or comparable. 

All we must do is divide the electricity generated with the total energy available at the wind 

speed to obtain the coefficient of power at a specified wind speed: 

 

 Cp = Electricity produced by wind turbine / Total Energy available in the wind 

 

By slowing down the wind, wind turbines derive power. In order to achieve an efficient wind 

turbine of 100 percent, 100 percent of the wind should be stopped - but then the rotor should be 

a solid drive and not turned and no kinetic energy transferred. In the other point of absurdity, if 

you had a wind turbine with only one rotor blade, the wind would indeed lose the blade entirely 

and keep the kinetic energy from the wind. The wind will transfer through the location hauled 

by the rotor blade.  

 

7. POWER AND ENERGY CURVES OF WIND TURBINES: 
 
The wind turbine's power curve is a graph that shows the width of the electricity generation 

output of the turbine at various wind speeds.  

A characteristic Danish 600 KW wind turbine can be seen in the graph to give an example of 

this concept.   

Power curves are identified through measurement techniques in the field, in which a mast is 

placed fairly close to the wind turbine. Whereas if wind speed does not fluctuate too fast, the 

wind speed measures of the anemometer can be used, and the wind turbine's electrical power 

generator can be read, and the two values can be graphically drawn together. [3] 
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8. WIND ENERGY POTENTIAL: 
 
The potential for wind and solar power depends on the climate, for example the availability of 

wind and solar power radiation, as well as on the volume of appropriate surfaces to be covered 

by solar panels and on the settlement, textures affecting the wind speed. The potential of 

biomass depends on the design of the area, since this includes wood and leaves from trees that 

are cut and bushes trimmed in the parks, green spots, tree-lined roads and the presence and size 

of urban agricultural land. In the design of the area the use of renewable energy technologies 

presents a big challenge because it can impose major limitations. For instance, PV systems are 

influenced by the size of the roofs, which restrict their production potential. The possible result 

is that, if the objective is energy-self-sufficiency, the maximum height of constructions is 

restricted by the amount of electricity its people require. 

 

9. THE KEY COMPONENTS OF A WIND TURBINE: 
 
Rotor Blade  

The rotor is named the component of the wind turbine which generates wind power. Generally, 

the rotor comprises of 2 or more made of wood, fiberglass or metal blades that spin around an 

axis at the straight line by wind speed and blade shape. The blades are mounted on the center, 

which in turn is mounted on the drive shaft. 

 

Design of Drag  

Mostly on principle of the drag or lift, blade designs perform. The wind pushes the blades out 

of the way for the drag design. Weaker rotation speeds and high torque capacities characterize 

the drag powered wind turbines. They can be used to pump, scrape or grind windmills 

performed in the Dutch farms and so forth. In order to pump, or to pull water from a deep 

reservoir, for example, a farm-type windmill needs to develop a high torque when started. 

 

Design of the Lift  

Throughout the design of the lift blade, aircraft, kites and birds fly with the same concept. In 

essence, the blade is an airfoil or a wing. When air passes the blade, the upper and the lower 

blade surfaces have a wind speed and pressure difference. The lower surface density is greater 

and therefore "lifts." The lift is transcribed into turning motion when blades are attached to the 
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central axis, like a wind turbine rotor. Wind turbines powered by elevators have much higher 

speeds than drag types and are thus well appropriate to generate electricity. 

 

Ratio of Tip Speed  

The tip speed is the ratio of the blade velocity to the wind velocity. The greater the ratio, the 

quicker the rotation at a given wind speed of the wind turbine rotor is. High rotational velocity 

are required for electricity generation. Wind turbines of the lift type have maximum speed rates 

of about 10 and drag ratios of about 1. Given the high requirements for rotational speed of 

electrical generators, it's indeed evident that the wind turbine type lift is most practical. 

The number of blades in a rotor and the total area covered by them affect the performance of 

wind turbines. To operate efficiently, the wind needs to fluidize over the blades. The wind needs 

a lift rotor. For turbulence to prevent, distances between blades should be sufficient to prevent 

the disturbed, weakened air flow of one blade from being affected by the blade before it. This 

requires us to only have two or three blades on their rotors for the majority of the wind turbines. 

 

Generator:   

The generator converts the rotary movement of the blades of a wind turbine into power. Within 

this part, wire bobbles are rotated to produce electricity in a magnetic field. A wide range of 

power ratings are available for the different generators, which either produce alternating current 

(AC) or direct current (DC). The rating or density of this generator depends on the length of the 

blades of the wind turbine because extended blades are able to capture more energy. To fit your 

intended use, it is essential to choose the correct generator type. Most home and office devices 

are 120 volts (or 240 volts) operated, 60 cycles AC. Some equipment, such as light bulbs and 

resistance heaters, can operate on AC or DC and many other devices can be adapted to run with 

DC. DC battery-powered storage systems usually have voltages ranging from 12 volts to 120 

volts. Generators which produce AC generate electrical power, even with wind speeds 

fluctuating, generate the correct voltage (120 or 240V) and the constant frequency (60 cycles). 

Usually, DC generators are used for battery charging applications, DC equipment and 

machinery. You can also use it for the production of AC power by an inverter, which transforms 

DC into AC. 
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Transmission  

Depending on the model and the wind speed, the number of revolutions per minute (rpm) of a 

rotor of wind turbines may vary from 40 rpm to 400. Generators generate rpm between 1,200 

to 1,800. As a consequence, most wind turbines necessitate a transmission of the gearbox in 

order to increase the generator motion to the speeds required for efficient generation of 

electricity. Some wind turbines of DC type do not use transmissions. Conversely, the rotor and 

the generator are directly linked. These systems are referred to as direct drive systems. The 

complexity and maintenance requirements of wind turbines are reduced without a transmission. 

 

Towers 

Not only a support structure is a tower on which a wind turbine is mounted. It also lifts the wind 

turbine to clear its blades of the ground safely and to reach stronger winds at higher altitudes. 

Optimum tower height, unless zoning restrictions are applied, is optional in certain cases. The 

choice of which height tower is predicated on the cost of larger towers versus the value of the 

energy production spike arising from their application. The additional costs of increasing tower 

height have been shown to be often justified by the additional power produced by stronger 

winds. Larger wind turbines are typically installed at 40- to 70-meter-high towers. 

 

III. BASICS OF AERODYNAMICS: 
 

𝐾𝐸 = !
"
𝑚𝑣"     (1) 

 

m: mass of object 

v: speed of object 

Kinetic Energy of air:  

KE is proportionate to the wind speed cube 

First of all, we demonstrate that wind power is equivalent to wind speeds for all wind turbines. 

Wind power is the moving air's kinetic energy.  

 

𝐾𝐸 = !
"
𝐴𝛿𝑡𝑤#   (2) 

 

A: sweep area 
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𝛿: air density (kg/𝑚#) 

t: time 

w: speed of wind 

 

𝑃$%&'=()
*

     (3) 

 

P: wind power 

P~𝑤# 

 
$
$!
= ( +

+!
),    (4) 

 

𝛼: friction coefficient, typical values are 

- Open terrain 𝛼=0.143 

- Large city 𝛼 = 0.4 

- Calm water 𝛼 = 0.1 

ℎ-: height usually 100m 

𝑤-: wind speed at height ℎ- 

 

𝐹 = 𝑃&.*𝐴    (5) 

 

𝑃&.* is the net pressure exerted on an object 

A is the area of the object 

 

F is the aerodynamic force created by the net pressure 

Aerodynamic force is sensitive to the airfoil's surface. 

 

𝐹' =
!
"
𝐶/d	𝐴0𝑤"    (6) 

 

𝐹1 =
!
"
𝐶2d	𝐴0𝑤"   (7) 
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𝐹'= drag force (N): The drag force is proportional to the laminar flow speed and a turbulent 

flow speed to the square velocity. Although viscous friction is the ultimate cause of a drag, the 

turbulent drag is viscosity independent. 

𝐹1= lift force (N): Lift is the perpendicular component of this force to the forthcoming flow 

direction. Contrast to the drag force that is parallel to the flow direction component of the force. 

𝐶/= drag coefficient 

𝐶2= lift coefficient 

	𝐴0= frontal area of airfoil 

d = air density 

 

True and relative wind speed 

𝑤3	 = √𝐻" +𝑤"  (8) 

 

𝑤3	= relative wind speed: Relative wind flows in the opposite direction, moving the hand. The 

airflow speed around the moving hand is the airspeed of the hand. 

w = True (actual) wind direction 

H = (-V) : Head speed ( speed of earth relative to wing) 

V: Velocity of wind relative to earth 

𝑉 = 𝜔516'.𝑟7     (9) 

Power extracted by the blades 

𝐶8 =
9"#$%&
9'

= 9"#$%&
9(

:(
:"#$%&

   (10) 

Tip speed ratio (TSR) 

𝜆 = ;3
$(

     (11) 

𝑤<: up wind speed 

𝜔: angular speed of blade’s shaft in rad/s 

𝜆: tip speed ratio 

In wind turbine design the Tip Speed Ratio is a major element. This ratio concerns the wind 

velocity ratio to the speed of wind turbine blade tips. [4] 
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IV. BLADE STRUCTURE 

1. SMALL WIND TURBINE BLADE STRUCTURE 
 

 
 

Figure 4: Structure of a Small Wind Turbine 

 
1.1 BLADE DESIGN PARAMETERS 

 
A FPVS small wind turbine with a straight drive persistent synchronous generator is the wind 

turbine machine studied in this research. At a design wind speed of 10.5 m/s, the turbine system 

has a rated power of 11 kW. The turbine rotor has a diameter of 7 meters and a radius of 3.5 

meters, with a rated rotational speed of 172 RPM. The DU93-W-210 airfoil (Delft University 

of Technology) was used to develop the blades, which is a common airfoil in middle to high 

Reynold’s wind turbine blades. 

 

1.1.1 DESIGN REYNOLDS NUMBER 
 

The Reynolds number can be determined using the following equation in wind turbine 

applications: 

R= =
>)*+.@
A

                     (12) 
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Where μ is the air's kinematic viscosity, Urel is the wind velocity to the airfoil, and C is the 

airfoil's chord length. Since it has been shown that the majority of a turbine's energy is generated 

at the edges, the tip Reynolds number is the most commonly cited value of Re. 

 

 

The following equation can be used for determining the relative wind speed which reflects the 

actual wind velocity that is engaged in the aerodynamic function of rotor blades: 

 

UB=C = @((1 + aD). Ω. r)" + (1 − a)"VE=FGHI"               (13) 

 

Where Ω is the speed of the design (in rad/s). After an axial induction factor of 1/3 and a 

marginal rotational induction factor of a wind turbine with optimum efficiency (a'), the equation 

become as the following:  

 

UB=C = @(rJGKΩ)" +
"
#

"
VE=FGHI"                                        (14) 

 

That being said, r tip is the radius of the blade at the tip region. The initial equation provides 

the working Reynolds number 612,291, if the blade span position at 0.72R (72 percent of the 

blade radius) is the operational radius that is closely linked to the aerodynamic efficiency of the 

entire blade and with an average chord length of 0.2 m at a certain location. 

 

1.1.2 DESIGN TIP SPEED RATIO 

 
An analytical relation between the power coefficient and the speed ratio of the tip is being used 

for the initial selection of the blade design. The following equation is possible to calculate the 

peak power coefficient of a wind turbine rotor with a minimal number of blades. 

 

           CKLMN = G!O
"P
H . λ. Jλ +

!.#"QR,-./! S²

U
/
0

K
V!

− -.WP.X/
1+
12
.RXQ 3

/4S
      (15) 
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This multivariate relationship can be summed up as a high degree of precision: (0.5 percent) 

for speed ratios between 4 and 20; (Cl⁄Cd) ratios of 25 to infinity; (1 to 3 blades). The total drag 

coefficients for the DU93-W-210 airfoil are 93.76 by means of an XFOIL solver. It happens at 

an angle of attack of 4.5°. Relying on the above-mentioned equation number 4, the power 

coefficients are shown in figure 2 against various speed ratios. 

 

 
Figure 5:  Power Coefficient Curve of a DU93-W-210 Airfoil 

 

 

There are many inconveniences in high speeds ratios, including noise generation, repetitive 

blade rotations and friction issues. Although the optimum performance at the speed ratio of 6 

to 10 is not radically variable, a speed ratio of 6 was chosen. The overall power coefficient at 

this particular value is 0.449. The fact that the drive train efficiency, the generator (with an 

average transmission efficiency of 90 percent) and the aerodynamic failures by viscosity 

operation are included means that the gross power coefficient is approximately 0.4. The key 

specification parameter of the rotor blade is summarized in Table 1 below: 

 

Design Parameter Value Unit 
Wind turbine generator rated power 11.000 W 
Design wind speed (rated wind speed) 10.5 m/s 
Assumed rotor aerodynamic power coefficient  0.449  - 
Assumed total power coefficient 0.4  - 
Number of blades 3 - 
Design tip speed ratio 6 - 
Design angle of attack 4.5 Deg.° 
Rotor radius 3.5 m 
Design rotational speed 172 RPM 
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Design torque 932.38 Nm 
Design Reynolds number 600 000 - 
Airfoil type  DU 93-W-210 - 

 

Table 1: Small Wind Turbine Design Parameters 

 
1.2 BLADE AERODYNAMIC SHAPE 

 

Calculated and defined in figures 3 and 4, the chord length and the twist angles: 

 

 

 

 

 

 

 

 

 

 
 

 
Figure 7: Twist Angle Distribution of The Small Wind Turbine Blade 

 
 

Both of these two displays a long chord-length (relatively close to the core) and narrower in the 

inner portions of the blade. The two distributions are smaller. The turns in the parts at the root 

are greater than in the areas near the end. The chord at the root of the blade (0.14 r) is somewhere 

Figure 6: Chord Distribution of The Small Wind Turbine blade 



 
 
 

28 

around 0.376 m, with the twist angle from 23.43° at the root of the blade up to 0° at the tip of 

the blade. Since the design of the root section has no aerodynamic concern, a direct correlation 

from the root link of the chord longitude to the active position at 14 percent of the blade length 

has been established at this blade point. This consistent change was made by steadily decreasing 

the chord length and growing the section thickness.  

 

 

 

 

 

 

 

 

 

2. BLADE MATERIAL AND LAY-UP SCHEDULE 
 
E-glass and epoxy resin is used for the blade material. Because of its economic efficacy this is 

the most common composite material for the production of wind turbine blades. The most 

prominent matrix in the wind energy industry is epoxy resin in the polymer matrix. Their 

positive characteristics are largely due to their capacity to bear load and their susceptibility to 

damage and environmental damage. Moreover, compared with its other equivalent, it has a 

lower retract and hence maintains a reasonable dimensional resistance. The standard 

mechanical properties of electric fiber and epoxy resin are shown in Tables 3 and 4. 

 

E-glass Fiber  
Longitudinal Modulus, E1f (GPa) 74.00 
Transverse Modulus, E2f (GPa) 74.00 
Shear Modulus, G12f (GPa) 30.00 
Poisson ratio, ν12f 0.22 

Figure 8: Blade Geometry Based on The SWRDC Code 
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Thermal Expansion coefficient, CTE1f (m/m/c) 5.3 10-6 
Tensile Strength, 𝜎f (MPa) 1800 
Compressive Strength, 𝜎cf (MPa) 1500 
Shear Strength, Sf (MPa) 60 
Density, ⍴f (Kg/m3) 2500 
Thermal Conductivity coefficient, Kf1 (W/m/K) 1.28 

 

Table 2: Typical Mechanical Properties of E-glass Fibers 

Epoxy Resin 
Young Modulus, Em (GPa) 3.35 
Shear Modulus, Gm (GPa) 1.3 
Poisson ratio, νm 0.35 
Thermal Expansion coefficient, CTEm (um/m/°C) 45 10-6 
Tensile Strength, 𝜎m (MPa) 75 
Compressive Strength, 𝜎cm (MPa) 102 
Shear strength, Sm (MPa) 55 
Density, ⍴m (Kg/m3) 1200 
Thermal Conductivity coefficient, Km (W/m/K) 0.2 

 

Table 3: Typical Mechanical Properties of Epoxy Resin 

 
The blade root section and blade shelled thicknesses have been constructed of diagonal E-glass 

fabrics with some nonlinear folds to assist spar caps to curve in a floppy manner to reinforce 

the blade structure and reduce the displacement of the blade tip under extremely windy 

conditions. The layout thickness of the blade sections was developed on Table 5 and built on 

the basis of the publication data available for the construction and build of 10 kW wind turbine 

blades.  

Component Location 
(m) Lay-up Schedule Airfoil   Thickness 

(m) 
Root 0.25 to 0.40 [(±45)3/012/(±45)3/012/(±45)3]s circle 0.033 
Root 
Transition 

0.40 to 0.45 [(±45)3/08/(±45)3/08/(±45)3]s DU 97-W-300 0.025 
0.45 to 0.50 [(±45)3/06/(±45)3/06/(±45)3]s DU 91-W2-250 0.021 

Spar caps 

0.50 to 1.12 [(±45)2/04/(±45)2/04/(±45)2]s DU 93-W-210 0.014 
1.12 to 1.43 [(±45)2/03/(±45)2/03/(±45)2]s DU 93-W-210 0.012 
1.43 to 1.74 [(±45)2/02/(±45)2/02/(±45)2]s DU 93-W-210 0.01 
1.74 to 2.46 [(±45)/02/(±45)/02/(±45)]s DU 93-W-210 0.007 
2.46 to 3.50 [(±45)/02/(±45)]s DU 93-W-210 0.004 

Leading 
Edge 

0.40 to 0.45 [(±45)2/07/(±45)2]s DU 93-W-210 0.011 
0.45 to 0.50  [(±45)2/05/(±45)2]s DU 93-W-210 0.009 
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0.50 to 1.74 [(±45)2/03/(±45)2]s DU 93-W-210 0.007 
1.74 to 2.46 [(±45)/02/(±45)]s DU 93-W-210 0.004 
2.46 to 3.50 [(±45)/0/(±45)]s DU 93-W-210 0.003 

Trailing 
Edge 

0.40 to 0.45 [(±45)2/07/(±45)2]s DU 93-W-210 0.011 
0.45 to 0.50  [(±45)2/05/(±45)2]s DU 93-W-210 0.009 
0.50 to 1.74 [(±45)2/03/(±45)2]s DU 93-W-210 0.007 
1.74 to 2.46 [(±45)/02/(±45)]s DU 93-W-210 0.004 
2.46 to 3.50 [(±45)/0/(±45)]s DU 93-W-210 0.003 

Shear Web 0.50 to 2.56 [(±45)/06/(±45)] _ 0.004 
 

Table 4: Lay-up Schedule of The Wind Turbine Blade 

 

3. FIBER VOLUME FRACTION AND MECHANICAL 

CHARACTERISTICS 
 
Many of the composite mechanical properties for example power and rigidity) depends on the 

fraction in the fiber volume (V f). The quantity of the composite fibers is known as this. The 

quantity of fibers in the composite is largely dependent on the method of processing. A 

theoretical maximal possible fiber volume fraction of 60% is reached for a conventional 

Vacuum Infusion (VI) technique chosen as the blade manufacturing process in this analysis. A 

material with limited voids in completed composites is a culmination of vacuum infusion 

operation, which permits the fibers to be properly combined. In this analysis, the nominal fiber 

volume fraction is 50 percent. Experimental findings indicate that for standard volume 

fractions, the material characteristics were enhanced between 25% and 50%. But if the 

proportion of the fiber volume was high enough, certain other composite properties would 

decay. The Laminator software was used to calculate the mechanical characteristics of the 

unidirectional razor. This program is used to calculate and analyze laminated composite 

properties, based on traditional laminate plate theory. The unidirectional characteristics of the 

E-glass hybrid are shown in Table 6 below. 

 

 

E-glass/Epoxy (VY	=50%) 
Longitudinal Modulus, E11 (GPa) 38.67 
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Transverse Modulus, E22 (GPa) 11.10 
Shear Modulus, G12 (GPa) 3.50 
Poisson’s ratio, ν12 0,28 
Longitudinal Tensile Strength, 𝜎 (MPa) 900 
Longitudinal Compressive Strength, 𝜎c (MPa) 784 
Shear Strength, S (MPa) 44.1 
Density, ⍴ (Kg/m3) 1850 

 

Table 5: Mechanical Properties of The Blade Composite with Unidirectional Fibers 

 
Hart smith's model calculated the tensile strength of the blade composite. This approach 

considers the primary fiber develops 100 percent of composite material's reference intensity for 

each uniaxial load state, whereas secondary fibers, whether 90 degrees to primary fibers or 45 

degrees, only 10 percent of that strength and rigidity is attributed. The technique was 

particularly used when first suggested to forecast the intensity of well-designed laminates with 

0°/±45°/90° fiber designs. Further attempts were made to increase the ability to forecast the 

strength of composites for other fibers. The blade's structural rigidity and the ultimate tensile 

strength are obtained by equations below: 

EZ = E!! × (0.1 + 0.9 × %	Plies	at	0°)  (16) 

S- = σ!! × (0.1 + 0.9 × %	Plies	at	0°  (17) 

Here, E 11 and σ 11 are the fresh-faced composite modulus and the unidirectional fibers' 

composite tensile power. This method is explained by the precise mechanical properties of the 

ten-percent law of mixture as opposed to the conventional study on laminate. In this analysis, 

the external tensile strength of the blade composite was measured in the outermost layers of the 

spar cap ([(±45)°/02/(±45)°]s). Tendency to conserve this research is greater by using the 

weakest element, which is 2/3 on the blade’s framework. A composite ultimate tensile force of 

375 MPa was measured using the Ten-Percent mixing rule. [5] 
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V.  EXTERNAL CONDITIONS  

SWTs are relevant to factors that affect environmental and electrical load capacity, reliability, 

and functionality. The ecosystem, electrical throughout the design shall be kept in mind and 

explicitly specified in the design documents in order to guarantee the suitable level of protection 

and dependability.  

The situations of the climate are split into wind and other weather factors. The electric 

conditions seem to be either network or electrical conditions at local level, such as batteries, 

hybrid. The soil types of SWT structures are significant to their design. 

For structural stability, wind appear to be the main outer factor to consider. Other circumstances 

in the environment also influence design characteristics such as control system, longevity, rust, 

among others.  

For every form of environmental factor can be divided up into an outside and an extreme 

condition. The ordinary external conditions generally concern longer - term clearly defined 

roles and operational requirements and the rare complication of critical external designs are the 

extreme outside conditions. A mixture of these outer conditions and wind turbine operating 

condition must be included in the design load cases. 

1. SWT CLASSES 

The environmental conditions to be taken into consideration in design rely heavily on the 

desired SWT site location or site category. Wind speed and turbulence variables described SWT 

classes. The wind speed values, and turbulence variables constitute the key parameters of 

several various sites and therefore do not portray the individual sites precisely. The purpose is 

to improve the SWT rating with distinctly variable wind reliability.  



 
 
 

33 

 

Table 6: Basic Parameters for SWT Classes 

 

2. WIND CONDITIONS  
 
The wind situations characterized by the chosen SWT category must be designed for a SWT. 

In the construction drawings, the design values of the wind speed are clearly stated. The wind 

situations for load and safety are split into normal wind conditions (NWCs), which often take 

place throughout normal SWT operations, and the extreme wind conditions (EWCs), 

characterized by a cycle of re-occurrence of 1 or 50 years. 

 

In any event, the impact of a medium flow inclination in relation to the horizontal plane up to 

8° is to be taken into account. The edge of the flow inclination is hypothesized to be height 

invariant. Lets remember that if the furl orientation is badly selected with regard to the turn 

position of the rotor, oblique increase in the number can have an impact on furling.  

 

2.1 NORMAL CONDITIONS OF WIND 
 

2.1.1 DISTRIBUTION OF WIND SPEED 
 
The distribution of wind speed on the location is of importance for the SWT design since 

the frequency of occurrence of different conditions of load is determined. With regard to normal 

SWT classes, Rayleigh will therefore be distributed for design load measurements, at the mean 
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wind speed value more than 10 minutes. The cumulative distribution of likelihood at the peak 

height is provided in this particular instance: 

𝑃[(𝑉+<5) = 1 − exp ]−𝜋(\5("
"\$6&

)"_   (18) 

 

Normal wind profile model (NWP) 

The wind profile V(z) refers to the wind average speed, z, depending on the highest point. The 

normal wind speed profile shall be regarded as provided for by the power law for normal wind 

turbine classes:  

𝑉(𝑧) = 𝑉+<5(
]

]5("
),           (19) 

The exponent of power law, α, is hypothesized to be 0,2.  

The presumed wind profile is being used to specify the average vertical wind shear in the swept 

area of the rotor. 

3. EXTREME WIND CONDITIONS 

For determining the severe wind loads on SWTs, the extreme wind conditions are now used. 

This includes peak wind speeds caused by storm surges and fast wind and changing direction. 

The possible impact of wind instability is included in those severe environments so that the 

design calculations only have to take into account the definitive effects 

3.1 Model of Extreme Wind speed (EWM)  

The Ve50 wind speed of 50 years and the 𝑉.! wind speed of one year will be assessed on the 

Vref reference wind speeds. The 3-s 𝑉.W- and 𝑉.!are calculated with the following formulas for 

SWT designs in normal SWT classes: 

𝑉.W-(𝑧) = 1.4𝑉3.0(
]

]5("
)-.!!   (20) 

𝑉.! = 0.75𝑉.W-    (21) 

Where z-hub is the centerline height and 1,4 is the centerline height factor.  

Short-term wind-direction deviations of ± 15° are expected.  
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4. ADDITIONAL ENVIRONMENTAL CONDITIONS 

Environmental factors apart from climate, atmospheric, photochemical, electrical, 

electromagnetic or some other physical activity can influence the integrity and protection of the 

SWT. In addition, combinations of climate variables can enhance their impact. In the design 

documentation, the aforementioned environmental factors shall be considered, and the actions 

taken. 

Special care is required for a marine climate. In spite of parameters or limits of the variable 

weather conditions, the environmental conditions for the design shall be specified. When 

selecting design values, the likelihood of simultaneous occurrence of climate events is taken 

into consideration. Climate change beyond the usual limit corresponding to a recurrence 

duration of one year shall not affect the SWT's intended normal service. 

4.1 Additional Normal Environmental Conditions 

The other typical environmental conditions are normal system operating atmospherically 

ambient temperature range of –10 °C to +40 °C; humidity levels up to 95 percent; atmospheric 

quality of non-polluted air, the radiation intensity of the sun of 1000 W/m2; and atmospheric 

density of 1,225 kg/m3. Where the designer sets additional condition criteria, the design 

documents shall specify these conditions and their values and adhere to IEC 60721-2-1 

specifications. 

4.2 Additional Extreme Environmental Conditions 

Temperature, lightning, ice and earthquake are other severe weather factors that are considered 

in SWT design. Temperature: the design values for a minimum of –20 °C to +50 °C for the 

normal SWT classes are for the extreme temperature scale. Lightning: The lightning safety 

requirements required in 9.5 can be regarded in the normal SWT class as suitable for wind 

turbines. Ice: For the regular SWT classes, no ice specifications are specified. Earthquakes: For 

the standard SWT classes no specific conditions for earthquake are specified. [6] 

VI.  ANSYS SOFTWARE 
 
Rather than an unconventional approach, researchers chose to be using CFD to measure the 

aerodynamic performances of various wind turbine blades with Ansys more precisely. Several 

findings have been obtained, such as wake effects and noise estimation. In a 10 KW wind turbo, 
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with a diameter of 50 M and estimated result is 454 Mm, researchers measured the deflection 

of the blade tip by the finite element approach of below 60 M/s. Others utilized finite element 

system from Abaqus to estimate the deflection of the wind turbine horizontal axis and analyzed 

the data with experimental results as well as a near correspondence was achieved. Others have 

developed a Darries wind turbine CAD geometry model and also use CFD, along with 

structural simulation tools, for the purpose of evaluating aerodynamic and load inputs.  

We use computer modeling in Ansys to conduct a one direction fluid structural interaction (52 

m/s) to quantify blade tip deflection during conditions of the storm (FSI). The approach is as 

follows: Initially, the actual wind turbine bladed geometry is analyzed with 

the prismatic hollow bar, and then approximation of the real wind turbine blade geometry is 

performed using the results gained. [7]  

1. Methodology  
1.1 Geometry   

 
We produced the hollow prismatic blade in the diagram bellow as a first estimate to the true 

wind turbine blade. The width of the current wind turbine configuration is equal to the sum 

thickness of 8.5 mm. The diameter is equivalent to the average of 30 airfoils chords: 18mm and 

the thickness of the wind turbine blade is equivalent to t: 3.25 meters.  

  

 
Figure 9: Hollow Prismatic Blade 

The development of a suitable wind turbine blade design that can be meshed was one of the 

most difficult aspects of such a research study. In way to construct 30 parts that are equivalent 

to the root of the last airfoil, we use Solidworks. The outer layer used for flow calculations. A 
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standard DU93-W210, mainly open on the trailing side, has been used. The very same airfoil 

was replicated in 30 parts, the chord length and twist angle were assigned to it, and the tracking 

edge was closed using a straight vertical line. The final move was to link all the trailing edges 

with the Solidworks loft element. The geometry of the resulting blade is smooth and without a 

very large curvature zone, as seen in the following diagram. The method for making internal 

airfoils is equivalent, besides the final phase is to extract material from a loft. [8] 

 

 
Figure 10: Blade Geometry of the Wind Turbine 

  

 

A box showing the flow domain would have to be created for CFD simulations. The final figure 

shows a cylindrical enclosure of 10m uniform. The calculations on a cylindrical box of 5 m 

were also conducted. The selected scale is 15m for the final simulation. To prevent viscous wall 

impact, we have selected 15 meters.  
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Figure 11: Cylindrical Flow Domain 

  

1.2 Boundary Conditions  
 
The boundaries for both CFD and structural analyzes are summarized in Figure 12 

 
Figure 12: Boundary Conditions 

The air intake is a limiting velocity condition, which indicates the value in m/s. There is a no-

slip state of the blade wall and a symmetry boundary condition is shown by the side of the 

cylinders. Lastly, the blade is positioned at one end for the structural analysis. 
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2. Mesh  
 
The CFD simulation FEM model includes tetrahedral elements generated by algorithms. Our 

simulation has been carried out with a coarse mesh (300000 elements) and a much more 

polished mesh (1100000 elements). They have optimized the mesh in this region to capture the 

dynamic 3D flow that takes place near the blade, such as the impact of boundary layers. Such 

two meshes are shown in Figure. Several issues have been experienced during the mesh 

generation stage with the actual wind turbine rotor. Patch independent meshing algorithms with 

a defect tolerance of approx. 2cm were used. There are about 500000 components, and the mesh 

is illustrated in Figure 13. [9] 

 

 
Figure 13: Blade-close Flow Domain Mesh 

  

With regard to the structural mesh, they produced two meshes, one of which was comparatively 

rough (52000 elements) and another was polished (900000 elements). In capturing the influence 

of stresses, the mesh was refineled near to sharp edges. For a structural analysis mesh, the very 

same specifications were used that managed to produce a mesh for CFD of real wind turbines. 

The mesh of approximately 800000 elements is shown in Figure 14 bellow.  
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Figure 14: Structural Mesh of Blade 

  

 

  

3. Results of the hollow prismatic bladder approximation 

parametric analysis  
 
A mathematical study of the data sample obtained by simulation has been carried out. For 

laminar experiments, the mean deformation is 0.636+-0.029m. It is 0.650+-0.036m for sturdy 

simulations. As the structural mesh is optimized, the deflection is detected at 3.91%. In contrast, 

each CFD and structural mesh refinement results in a 10.6% improvement. The altitude 

coefficient is 1825.2+-53.08 on average. As regards the pressure coefficient, the laminar 

simulations have an average of -9400, compared to an average of 6280 regarding turbulence 

experiments, which is 33.2 percent larger than that of the laminar Cp.  

For the next part, the results of this study will help establish criteria: Coarser mesh causes strain 

to be underestimated. Finer mesh than the finest must be used to reduce the disparity in 

percentage. Turbulent models must be used as the greater drag forces evolve and the percentage 

difference is not zero in a turbulent situation. [10] 

 

3.1 Setup of Simulation on Real Wind Turbine Blade  

 
Simulation in a permanent state. Model k-e turbulence. SIMPLE algorithm is used. Air has a 

continuous density because of the reduced number of Mach.  No transfers of heat are permitted 

as default value is not altered by the allowing energy equation.  

 



 
 
 

41 

3.2 Results of simulation  

 
The CFD pressure is then converted and incorporated into the structural analysis system to do 

a structural analysis. This induced pressure is seen in Figure 15 bellow. The imports appeared 

good because the total forces were mapped to the structural mesh based on the pressure transfer 

well enough and 99% of the flow mesh nodes [11] 

 
Figure 15: Structural Model Pressure Load Implemented by CFD 

 

In a 52 m/s case of load, the measured tip displacement is 451mm. Figure 16 shows the effect. 

The prismatic, hollow blade has been modified to 800 mm in contrast with its non-aerodynamic 

design under the same settings.  

  

 

 

 

 

 

 

 

 

Figure 16:  Blade Tip Deflection 

By computing the blade tip deflection under the extreme wind conditions, ANSYS software 

gives a value of 452 mm.  
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VII. FAST 
 

The FAST code is a complete aeroelastic simulator designed to forecast both the intense and 

fatigue loads of wind turbines with two and three bladder horizontal axes (HAWTs). The 

following lines describes the characteristics of FAST and its operational procedures. The FAST 

code is the product of three different codes: the double-bladed: HAWT FAST2; the tri-

bladed HAWT FAST3 Code; and the HAWT aerodynamics subroutine AeroDyn. Adjustments 

to the computer loops and kinematic formulas of FAST codes were made as these three codes 

became combined. The FAST intermediate version, FAST AD, uses various application code 

for 2 or 3 bladed turbines. The FAST model reported in this 2002 study uses one executable for 

both forms of turbines. These modifications led to a very quick code when it’s the execution 

time. [12] 

 

1. Input Files 
 
The effect of fatigue analysis utilizing SLM model, as described in the last section, 

demonstrated that the small wind turbine blades cannot sustain the fatigue load from the wind. 

More precise analyzes are also required. FAST programming is the most often used technique 

in this situation. The aeroelastic simulator is detailed and can model both intense and fatigue 

loads of wind turbines with a horizontal axis. Including the two and three-blade horizontal axis, 

pitches or stagnation, a fixed or teetering hub or an upstream or downwind rotor, FAST is 

capable of modeling most common setups of the wind turbines. This code is built on advanced 

engineering designs drawn from fundamental rules but enhanced, where possible, with 

simplifying assumptions and expectations. It provides a stable, clear and free code that really 

can design a three-bladed HAWT, 24°C in wind conditions, and enables specific pitch and 

lagout handlers, generator power, brake application and many other features. The Germanischer 

Lloyd Wind Energy assessed the FAST code in 2005 and it was considered appropriate to 

compute the specification and registration of onshore wind turbine loads. This segment provides 

a description of the fatigue analyzes conducted for the small wind turbine blades. Attributed to 

the reason that the rotor blades are mostly influenced by repeated or cyclic loads, an exact 

fatigue analysis is needed to verify that these spinning parts resist wind over a lifetime of 20 

years. Driven on FAST, the simulation outputs are primarily the data from the time series on 

aerodynamic charges, the loads and the deflections of the wind turbine structural components. 
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Such outputs are used to prevent the impact on the wind turbine blades sustained. Usually, 

FAST consists of six input files that are main, blade input, tower input files, furling input files, 

aerodynamic entry file, and eventually platform input file. FAST usually consists of six separate 

files. A list of parameters is needed for each of these input files.  

 

 
 

Figure 17: Structure of Fast Code 

 

The main input file describes the operational characteristics of the wind turbine and its 

fundamental geometry. The other files detail certain parameters not defined in this key input 

package (blade, tower, furling, aerodynamic parameters, and wind-time histories). Such criteria 

do not apply to turbines with two blades, and others do not relate to turbines with three blades. 

The main feature is that it allows the structure of the output file for the time series data to be 

defined. The configuration of a series data file is determined mostly by the channels (columns) 

with fatigue load values for various wind speeds. Figure 18 illustrates an example of fatigue 

channels. 
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Figure 18: The Output File of the Fast Code Printable Channels 

 

 

Several input parameters are required in the input file. There are the parameters of the blade, 

the blade modified conditions, the properties and the shapes of the blade mode. PreComp, a 

preprocessor for the calculation of the blade composite properties, has been used to calculate 

the properties needed to test the versatile blade parts of the models correctly. The internal blade 

framework and external form of composite laminates are needed for preComp as inputs. The 

outer form and the twist corner of each segment are primarily determined by the chord. The 

internal structural layout is specified by the spar caps and the shear web layout plan. PreComp 

provides the dispersed blade characteristics including the cross-connected hardness, inertia and 

offsets of the blade shear center and the tension center as well as the center of mass for the blade 

pitch center. These segment characteristics are used both for the input file FAST blade and for 

the input file BModes. BModes, which is NREL program, is a code with finite elements, which 

can provide beam modes with a dynamic connection. Each of the rotor speeds, blade geometry, 

precone rotor, pitch control and the structural features of the blade should be described in the 

BModes input disk. 

Both aerodynamic specifications of the small wind turbine can be found in the AeroDyn input 

file. There are three main sections of this input file. The values of the configurations that 

regulate the various flags are specified in the first section. This includes the flag unit method, 

the pitch flag, the dynamic flag of the standstill, and the dynamic flag of inflow. A set of input 

variables such as the tower height, the wind velocity, the kinematic viscosity of the air, and the 

number of airfoils for the blade structure are needed in this same part. In the first part, the wind 

file is by far the most significant parameter. The user usually selects whether to use hub height 
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wind file (specifies hub height wind data, including wind shears and gusts) or full field wind 

files for turbulence. A complete field wind data with NREL's TurbSim code was generated for 

the present analysis. This is a stochastic influx turbulence method built to provide a 

computational simulation of a complete field flight which contains coherent turbulence 

structures reflecting the proper space-time turbulent field relationships found during boundary 

flow disturbances and not well described by IEC Normal Turbulence Models (NTM). The 

generation of a set of wind files with a wind speeds that differ from the cut-in (3 m/s) to the 

cut-off wind speed (15 m/s) at a reference height. For each individual wind file, FAST simulates 

aerodynamic charges and produces a single time-series file. Throughout the wind turbine design 

criteria, the number of time series required for fatigue simulation is determined (IEC in this 

case). For instance, the load-case 1.2 should include simulations per 2-m/s wind speed bin from 

cut in to cut out wind speeds of at least 61-minutes in regular operations. Randomly chosen 

seeds for a wind file and wave data must be used every 10 minutes simulation. The part 2 of 

the input file contains the file names that provide the aerodynamic data of the airfoils used. The 

lifting and dragging coefficients for various angles of attack are primarily the aerodynamic 

details. The third part provides a detailed description of the blade geometry. The blade of 3,5 

meters was divided in many sections. The blade length was split into 32 blade stations in this 

analysis. The chord length, the twist angle and the recognition of airfoils are defined for each 

segment of the blade. 

 

1.2 Primary Input Files 

 
FAST requires a main input file to define the parameters and fundamental geometry of the wind 

turbine. Nevertheless, from different files you can read the blade, the tower, and the 

aerodynamic criterion and the wind-time history. In fact, FAST linearized input data are 

interpreted in the separate files only needed to generate ADAMS datasets. Here are details of 

the different inputs to the different files. In the section on output data, output files are addressed. 

The main input file has a standard primary.fst file name which is opened by FAST if a control 

file name is not specified. You can define upon on command - line interface a file with a 

different title if you would like various names for various cases. Space files should be quoted 

in their direction or names. File names can include relative or absolute directions, restricted to 

99 characters. The input files in the parameter have a plain text format which any text editor 

can interpret and modify. In the input file, many lines are divided into 3 areas: value(s), name(s) 
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of the attribute and the description. Differentiate them with spaces, caps or commas for lines 

which need more than one value. Anything else that goes beyond the last value on the line is 

considered a statement. String Values should be marked with a double quotation or an 

apostrophe combination. The unquoted strings that start at t or T for True and f or F for False 

should be logical flags. The segment Variable-Name includes the variable name used for the 

program from within and in other variables references. A quick overview of the parameter as 

an indication to the user of the intent in the Overview portion of a line is given. The physical 

divisions of the number value, as applicable, are also given in this section. Input files do not 

have blank lines. That line is read sequentially in the program. With the exception of different 

parts that make it, you can never add or remove lines. The input files of the tower, blade and 

AeroDyn have parts where one line is entered per research node. The main input FAST file 

contains a list of model outputs that can be as long on your preferences at the end of the file. 

Please also note that a line can be changed to accommodate the user including section and file 

names. When reading the input, FAST ignores such lines, however these lines are not removed. 

Certain criteria do not apply to turbines with two blades, and others do not apply to turbines 

with three blades. These would be the comments FAST deals with. Every text on the empty 

lines can be used, or it can be blank, so it must be there. These parameters are identified in the 

sample input files. 

 

1.3 Blade Input Files 

 

Tables with blade features are available in the blade input folders. In the Distributed Blade 

Properties segment, multiple columns of information are provided, each one having to be 

divided by either a space, tab or comma from another. The FAST model is characterized by 

those of the first six columns. Only ADAMS data sets with the FAST-to-ADAMS Preprocessor 

Functionality are included in the last 11 columns. If the blade is standard, you just must join 

one side. For this single station you must state a zero. If you are modelling uniform blades, at 

least 2 stages must be defined, first at zero and second at 1. FAST captures these data linearly 

to the analytical nodes defined in the input file for AeroDyn. Sections or analytical nodes exist 

in BldNodes. Use data points for the research nodes in the input table to get as much reliable 

outcomes from these properties. 
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1.4  Aerodynamic Input File 

 
Aerodynamic model parameters can be configured by the user using an AeroDyn input file and 

different input files for airfoil and blade data. An additional driver input data is needed when 

used in standalone mode. This driver file specifies both FAST-supplied inputs for initialization 

and AeroDyn inputs per stage. 

AeroDyn is the time-domain module for the aerodynamic wind turbines combined to allow 

aero-elastic simulation of turbines with a FAST Version 8 multi-physics engineering tool. As a 

standalone code, AeroDyn can also be used to calculate aerodynamic reaction for the wind 

turbines uncoupling FAST. When connected to FAST, the linearization of the complete 

connected solution also facilitates AeroDyn. 

 

VIII.  Simulation 
 
The last step in this project is the simulation of Fast. The simulation is the most important part 

since the output will result the maximum tip deflection of a blade. The total run time (Tmax) 

of the time series is 600 sec with an integration time of 0.002 sec per lapse. Concerning mass 

and inertia, yaw bearing mass, hub mass, and nacelle mass are among the parameters that were 

entered. The blade is defined in terms of chord and twist and it is characterized by 3 main 

components which are the structure, wind conditions and geometry. The structure covers the 

mass and characterizes materials while the wind condition is defined using turbsim. 

Concerning the geometry, the blade has DU93-W-210 shape and it’s the one that I used in the 

airfoil aerodynamics calculation using FAST. 

 

1. Primary File 
 
Before running FAST software, different files used in the simulation process must be filled. 

Figure 7 shows a sample of data that should be given. This includes the blade files (three files 

for each rotor blade) and the aerodynamic file where all the data needed for the blade 

aerodynamic geometry is given. The primary file is also used to define the main design 

parameters of the blade as well as the output data to be computed. In the case of the study, the 

blade tip deflection (highlighted in yellow) was set as input data from the simulation.  
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Table 7: Data of the primary input file 

 
In the blade input file, the blade aerodynamic geometry and the mechanical characteristics of 

the blade were defined. Figure 8 shows an example of the data that should be provided in this 

file. This includes the twist angle distribution over the blade span, the blade mass density, the 

flapwise and the edgewise stiffness. The mechanical characteristics of the blade were 

imported from another tool called “Bmodes”. This latter computes the blade mechanical 

strength based on the input data such as the mechanical characteristic of the blade material 

(composite fiber) and the fiber orientation over the blade span.  [13]  
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Table : 8 Blade Properties 

 

2. Aerodynamic input file  
The aerodynamic file contains three main input data. The first input data is the wind file 

which defines the wind profile under which the blade will be simulated. The profile of the 

wind chosen in the study correspond to the extreme wind conditions (52.5 m/s) recommended 

by the international standard if small wind turbines (IEC 61400-2). The wind file is generated 

by using another tool called “Turbsim”. TurbSim is a massive, probabilistic, complex 

wind simulator. It facilitates mathematically a sequence of three-dimensional wind speed 

vectors at positions in a vertical rectangular grid. We can use the TurbSim file output like an 

input in AeroDyn. Figure 9 show an example of a grid used to define the boundaries of the 

flow domain around the rotor blades. [14]  
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 Table 9:  Example of a rectangular grid for TurbSim wind field simulation  

 
The second input data is the airfoil’s aerodynamic coordinates. This file defines the geometry 

of the airfoils to be used along the blade. For the case of this study, DU 93-W-210 was used.  

Timmer constructed and tested the DU 93-W-210 wind turbine airfoil, which is 21 percent 

thick, in a low-speed wind tunnel at Delft University of Technology. The DU 93-W-210 airfoil 

is the only one with a high Reynolds number that's also taken into account in this study. The 

pattern Reynolds number for this airfoil group is between 2.10^(6) to 4.10,^(6). At R 

e=3.10^(6), the DU 93-W-210 airfoil achieves a top lift-to-drag ratio of 143.. DU airfoils have 

been used in about 10 different rotor blades for wind turbines with rotor diameters varying 

between 29 m through over 100 m, leading to devices with maximum power varying from 350 

kW to 3.5 MW, by different wind turbine manufacturers around the world. 

This airfoil could also be used for small applications. The DU 93-W-210 airfoil is highly 

efficient: 21 percent thickness offers additional options to enforce and build, as well as good 

lifting and drag dynamics at the standard Reynolds design, that are used on the majority of small 

wind turbines. 

Figure 10 gives the geometry of the used airfoil.  
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Figure 10 : DU93-W-210 aerofoil shape 

The third input data is the aerodynamic twist angle and chord distributions. These data are 

already presented in the previous sections. The Aerodynamic file uses a table in which these 

two components are included. Figure 11 shows the aerodynamic input file used in this study. 

[15] 

 

 
 

 
Table 7 : Aerodynamic Components 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11: Input data for the aerodynamic file 



 
 
 

52 

 

Once all the files were filled using the input data (structure, blade composite material, and wind 

conditions), the simulation was computed, and the blade tip deflection was determined.  

 

 
 

Figure 12: Output file from FAST simulation  
 

The output results show that the maximum blade tip deflection from FAST is 393 mm. 
 
 

IX. DISCUSSION 
 

 
The deflection computed by ANSYS is larger than the value given by FAST. It’s because FAST 

simulates the full structure of the blade which makes it stiffer. The mechanical characteristics 

of the blade were computed by taking into consideration the internal structure: the shear web 

and the spar caps. Plus, FAST inputs different mechanical data that involves the main 

characteristics of a small wind turbine environment. The primary and blade input with the 

aerodynamic inputs which are the wind, airfoil and aerodynamic data all play an important role 

to run a precise time series output. The primary file defines the main design parameter and the 

output while the blade file defines the blade aerodynamic geometry and the mechanical 

characteristics. Concerning the aerodynamic inputs, the wind file is generated using Turbsim 

and it defined the wind profile under which the blade was simulated. For the airfoil input, the 

file defines the geometry of the airfoil which is DU 93-W- 210. Last but not least, the 
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aerodynamic data that were defined in terms of twist and chord. Using ANSYS, the blade was 

modeled by its one skin shape. We generated and hollow prismatic blade to estimate a true wind 

turbine blade. Moreover, we conducted a mesh which is an accurate model for simulation. In 

other words, FAST is considered to be more accurate in terms of the final output which is the 

maximum tip deflection. 

 

 

Shear Web   Spar Caps 

 
 
 
 
 
 
 
 
 

Figure 19: Shear Web and Spar Caps  
 
 
 

X. CONCLUSION 
 
The purpose of this project was to calculate the maximum tip deflection of a small wind turbine. 

The first part of the research consisted to define the blade main components as well as the 

materials and structure. and explain the aerodynamic process that goes along the blade. Then, 

a comparative analysis results between ANSYS and FAST software to calculate the maximum 

blade tip deflection considering the wind part conditions. ANSYS and FAST maximum tip 

deflection occurred to output different results. Clearance of tips is a significant criterion to avoid 

catastrophic failure of the wind turbine. The set-up, findings, and observations of many FSI 

studies have been provided. A hollow blade had been used as an imitation of the wind turbine 

blade. A case for 2D validation and several other validity tests were raised. The simulation was 

subsequently conceived on the wind turbine bladder and culminated in a 452 from ANSYS and 

393 mm from FAST deflection that is less than both the analytical estimation and the hollow 

beam FSI examination. Therefore, and to conclude a number of more recommendations have 

been suggested such as aeroelastic impacts.  
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