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Abstract 

This project is based on renewable energy generation using wind energy, that has become an 

important producer of the major part of the electricity around the world, and across the years this 

technology have been evolved. Consists in the mechanical design of a small wind turbine to produce 

electricity to power a home, making use of materials capable of withstanding the inclemency of 

weather and thus to obtain a useful life of many years. The design was done with the help of 

SolidWorks, in order to make simulations of the mechanical stresses in every part of the turbine to 

choose the best materials for it. Next, a simulation of the wind through the turbine has been done in 

order to have the quantity of wind that the turbine requires to start its movement. Thus, simulations 

have been used to choose the best NACA (National Advisory Committee for Aeronautics) airfoil to 

have a great aerodynamics. Afterwards the design can be coupled to a PMG (Permanent Magnet 

Generator), to transform the mechanical energy produced into electricity with the help of a power 

electronics system. The project has been developed in the "Workroom on Renewable Energy" (WRE) 

of the "Polytechnic School of Engineering of Gijon" (EPI-GIJON) of University of Oviedo, as a 

collaboration with "Instituto Tecnológico de Toluca" (ITT) in the context of "DELFIN Program".   
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1. INTRODUCTION 

“The cost of electricity nowadays is very high, currently in Mexico is paid a 21.5% more for electricity 

compared to 2015, with an average of $1.6MXN per KWh for residential areas considering a discount 

for government contribution, while for the commercial and industrial sectors an average of $2-3MXN 

is paid without considering the rates for extra consumption.” (CFE, 2017) 

Based on the above data, the cost of this type of energy is affected by the increase in the price of 

fossil fuels, which are the main source of electricity production in Mexico, whereas makes pollution 

on our planet higher through the days. This is why it is necessary to reduce pollution by using 

renewable energy to generate electricity, thus achieving a decrease in the cost of it, and contributing 

to the sustainable development of the planet. 

Therefore arises the need to use renewable energies, being one of the main, wind energy; which 

thanks to the scientific and technological advances has had a great evolution and now can produce 

great amount of electricity for its storage in batteries or to be injected directly to the electrical 

network of the country, transforming the mechanical energy generated by the turbine in electricity 

with the aid of a PMG (Permanent Magnet Generator) and a power electronics circuit. 

The project has the main objective of making a reengineering of the Darrieus wind turbine with the 

help of SolidWorks®, choosing the most appropriate materials for its construction and the 

appropriate NACA aerodynamic profile, to operate with less amount of air. 

2. GENERAL OBJECTIVE 

Make a new design of the Darrieus wind turbine, to operate with less amount of air with the aid of 

light and resistant materials, and prepare it to be coupled to a PMG and a power electronics circuit 

in the future, to produce electricity. 

3. WIND TURBINE  

“A wind turbine is a mechanism that allows us to extract the power of the wind to produce 

mechanical energy by the impact of the air with the turbine blades, the wind blowing helps the blades 

of the turbine to rotate catching energy” (General Electric, 2016). The main axis of the turbine is 

coupled to a PMG that transform the mechanical energy into electricity, that can be converted with 

a transformer into DC or AC voltage depend on the GTI (Grid Tie Inverter) used. 
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There are many types of wind turbines, that through the years have been studied and all of them 

are classified by the power that can extract to the wind, each type have different qualities and 

applications, ones start its movement with less wind power but extract less power, and other ones 

who steal more power of the wind but starts with more wind power. The image below shows the 

ideal power extraction of the wind, which is 60%.  

 

Figure 1: Efficiency of different wind turbines 

The total power is calculated with the expression: 

 

Where: P: is the total power of the wind 

 Cp(): Power coefficient (=
𝑣𝑡𝑏

𝑣
=  

(wind speed top of the blade)

(𝑤𝑖𝑛𝑑 𝑠𝑝𝑒𝑒𝑑)
) 

  : is the air density (kg/m3) 

A: represents the effective area of the turbine calculated with πr2 where r is the distance 

from the center of the axis to the end of blade. 

v: represents the speed of wind. 

 (López, 2017) 
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3.1 General Scheme of functioning 

The next scheme shows the transformation of the mechanical energy produced by the wind turbine, 

into electricity with the help of a PMG and a power electronics system integrated by a rectifier 

circuit, a boost converter, a DC bus and a GTI (Grid Tie Inverter) that will be connected to the 

electrical network. 

 

Figure 3: General scheme of functioning 

 

3.2 Darrieus Turbine 

This is a vertical wind turbine that can extract proximately 40% of power from the wind, is not as 

efficient as a three blades turbine, but it can function with less wind power thanks to the 

accommodation and form of their blades. There are different designs of these turbines, however a 

great design helps to have a better startup and more speed of rotation of the turbine, that obviously 

help us to produce more electricity, but unfortunately we have to maintain the same efficiency of 

wind energy extraction of the original design of a Darrieus wind turbine. 
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Figure 2: Darrieus Wind Turbine 

3.3 Mechanical Design of a Darrieus Wind Turbine 

The design it is based on the Darrieus wind turbine with special modifications to the original one, 

using materials with a life expectancy of many years and some of them recycled, making it friendly 

with the environment and smaller than any other turbine, in order to install it in the sealing of any 

house. The design includes materials that can be found with any supplier of steel, plastics and 

carbon fibers in both Spain and Mexico, and was based on standard measures of each of the 

suppliers so that there is no need to manufacture it; with the only exception of the central support, 

which must be machined. 

3.3.1 Materials 

3.3.1.1 Stainless Steel AISI 304 

It is a type of stainless steel that contains 18% of chromium and 8% of nickel as the main non-iron 

components.  “It is considered also an austenite steel, not very electrically or thermally conductive 

and non-magnetic” (Good Fellow, 2017), that helps engineers and designers to include this material 

for industrial applications, due to the higher corrosion resistance than regular steel and the ease in 

which it is formed into various shapes.  
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The composition was developed by W. Hatfield in 1924 and was marketed under the trade name 

"Staybrite 18/8", contains 17.5–20% chromium, 8–11% nickel, and less than 0.08% carbon, 2% 

manganese, 1% silicon, 0.045% phosphorus, and 0.03% sulfur. These chemical properties are shown 

in Table 1. 

Table 1: Chemical Properties 

 

The main properties of the stainless steel AISI 304 are: 

 Resistance to corrosion 

 Prevention of product contamination 

 Resistance to oxidation 

 Ease of fabrication 

 Excellent formability 

 Beauty of appearance 

 Ease of cleaning 

 High strength with low weight 

 Good strength and toughness at cryogenic temperatures 

 Ready availability of a wide range of product forms 

To know if the alloy will be useful for a design, it is necessary to check the physical properties that 

the international standard shows for this type of material, these physical properties are shown in 

Table 2. 

Table 2: Physical Properties 

 

Alloy C Mn P S Si Cr Ni Mo Cu N Other

304 .08 2.00 .045 .030 1.00
18.00-

20.00

8.00-

10.50
.75 .75 .10 -

  .285 lb/in³  

7.90 g/cm³
  29 X 106 psi        200 Gpa  2550-2590° F   1399-1421° C

Specific 

Gravity

  7.90

Modulus of Elasticity in tensionMelting Point Density
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Finally the property that shows more about a material is the effort to which the material 

can be subjected, which is determined by the tensile strength and the yield strength, this 

helps to choose the best material for the application needed, inside a place or exposed to 

the environment. The mechanical properties are shown in Table 3. 

Table 3: Mechanical Properties 

 

In conclusion, the material was selected for the fact that is a material that is not damaged by water 

or some other liquid or solvent, and it is capable to be exposed to the outside; in addition to having 

high tensile strength with a range of 450-1100 MPa, so the wind turbine can be subjected to large 

wind loads and work at high speeds. 

3.3.1.2 Carbon Fiber 

“It is a material made up of fibers of 50-10 microns in diameter, composed mainly of carbon atoms. 

The carbon atoms are bonded to each other in crystals that are aligned parallel to the longitudinal 

axis of the fiber. The glass alignment gives the high strength fiber as a function of volume. Several 

thousands of carbon fibers are braided to form a yarn, which can be used by it or woven into a cloth.” 

(CarboSystem, 2017) 

The properties of carbon fibers, such as high flexibility, high strength, low weight, high temperature 

tolerance and low thermal expansion, make them very popular in aerospace engineering, civil 

engineering, mechanical engineering, military applications, automotive industry and motor sports. 

Thornel Mat VMA 

The carbon fiber that was used for the design of the propellers was the Thornel Mat VMA, that is 

composed of high strength, high modulus carbon filaments in a random-layered orientation. “The 

304 Annealed 75 30 40%

304 1/4 Hard 125 75 10%

304 1/2 Hard 150 110 6%

304 Full Hard 185 140 3%

% Elongation 

in 2" 

Minimum

Yield Strength 

Minimum 0.2% 

offset (psi)

Tensile 

Strength 

Minimum (psi) 

Alloy Temper
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fine diameter filaments are up to three inches long and are mechanically bonded to form a 

continuous web of materials proximately to 1 inch thick, 20.5 inches wide that is supplied in rolls 60-

80 feet long, and its conformed by 98% carbon assay, 13 µm filament diameter. All the properties of 

this type of carbon fiber are shown in the tables below”. (Songhan Platic Technology Co., Ltd., s.f.) 

This type of carbon fiber has only a density of 2 grams per cubic centimeter, so it is a carbon fiber 

with not too much weight and can be used for many applications that need lightness. The physical 

properties are shown in Table 4. 

Table 4: Physical Properties of Carbon Fiber Thornel Mat VMA 

 

In terms of mechanical properties, this type of fiber con support a tensile strength near to de 1400 

MPa, equivalent to 120 N/m that is a high strength for a material and can be applied for mechanisms 

or parts that have to support high amounts of strength. Mechanical properties are shown in Table 

5. 

Table 5: Mechanical Properties of Carbon Fiber Thornel Mat VMA 

 

In addition to the mechanical and physical properties, there are two other types of 

properties that the carbon fiber has and can affect your design depending the place where 

the machine or equipment going to be installed. These properties are shown in Tables 6 

and 7. 

 

Physical Properties Metric  English Comments 

Density 2.00 g/cc  0.0723 lb/in³ Filament Property. 

Apparent Bulk Density 0.0360 g/cc 0.00130 lb/in³

Specific Surface Area 0.40 m²/g 0.40 m²/g Filament Property

Mechanical Properties Metric  English Comments 

Tensile 

Strength,Ultimate 
1400 MPa 203000 psi 

Filament Property. 

Mat strength is 120 

N/m 

Modulus of Elasticity 170 GPa 24700 ksi 
Filament property, 

in tension
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Table 6: Mechanical Properties of Carbon Fiber Thornel Mat VMA  

 

Table 7: Mechanical Properties of Carbon Fiber Thornel Mat VMA  

  

3.3.1.3 PET 

“PET (Polyethylene terephthalate) is a material than can be recycled many times and form 

part of the group of synthetic materials called polyesters”. (Mariano, 2011) 

“It was discovered by British scientists Whinfield and Dickson, in the year 1941, who 

patented it like polymer for the manufacture of fibers, the application that meant its main 

market was in rigid containers, from 1976; could make its way thanks to its particular ability 

to bottled carbonated beverages”. (Mariano, 2011) 

In addition to its important application that is packing, nowadays is used in many industries, 

in the manufacture of parts that need strength, flat surfaces and good dimensional stability, 

like gears, cams, bearings, pistons and in pump frames that bear high impact forces.  

All above due to the mechanical and physical properties that the material has, that are 

shown in the Table 8.  

  

Thermal Properties  Metric  English Comments 

Thermal Conductivity 0.410 W/m-K 
2.85 BTU-in/hr-

ft²-°F  

across thickness of 

mat

Electrical Properties   Metric  English Comments 

Electrical Resistivity  
0.00120 ohm-

cm  
0.00120 ohm-cm Filament

Electrical Resistivity  0.700 ohm-cm 0.700 ohm-cm Mat
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Table 8: Mechanical Properties of Carbon Fiber Thornel Mat VMA  

 

 

 

 

 

 

 

 

3.3.2 Main Structure 

With the software of design SolidWorks the design of the structure begins with the main axis of the 

wind turbine, which is a round tube of stainless steel AISI 304 with a diameter of 104 mm, thickness 

of 3 mm, length of 2000 mm, and 2.5kg of weight, which functions as the main axis of the turbine 

and it is coupled to the support of the blades and ready to be coupled to a PMG on its lower part 

with a bearing attached to it. It has the strength to support more than 10 kilograms in its higher 

part, where will be coupled the central support. 

 

 

 

 

 

 

 

Figure 4: Main axis of stainless steel AISI 304 

Property Unit Value

Density g/cm3 1,34 – 1.39

Tensile Strenght MPa 59 – 72

Compression Strenght MPa 76 – 128

Impact Resistivity, Izod J/mm 0.01 – 0.04

Hardness --
Rockwell M94 –

M101

Thermal Expansion 10-4 / ºC 15.2 – 24

Heat Resistance ºC 80 – 120

Dielectric strenght V/mm 13780 – 15750

Dielectric constant (60 Hz) -- 3.65

Water absorption (24 h) % 0.02

Combustion speed mm/min
Low 

Consumption

Machining Quality -- Excellent

Optical Quality --
Transparent or

opaque

Melting Temperature ºC 244 - 254
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To prevent from any particles being introduced into the tube or water from seeping into the PMG, 

it was designed a stainless steel cap of 25mm height and 104mm of diameter to be welded with 

stainless steel welding to the tube, which protects it from any type of seeping. 

 

 

 

 

 

 

 

 

Figure 5: Tube cap of stainless steel AISI 304 

Another part of the structure is the central support, which was designed with PET and formed to be 

coupled to the main axis to be fastened with a hex head bolt through the central groove. It has an 

external diameter of 300 mm, an internal diameter of 52 mm, a thickness of 100 mm and internal 

grooves of 30 mm x 30 mm to insert the Y supports of the blades. 

 

To this piece can be coupled the four “Y” supports for each propeller of the design, each one 

fastened by circular head bolts of a quarter inch from the top plane to the bottom surface, to be 

held with hexagonal nuts. 

 

 

 

 

 

 

Figure 6: Central Support of PET 
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To support each blade of the turbine, it was designed a bracket in Y form with stainless steel square 

tube of 30 mm wide, 30 mm high and 1.5 mm thick, that must be connected to the central support 

and welded to a stainless steel plate of 50 mm wide, 75 mm high and 1/4 inch thick, which has 4 

holes to screw the prop to the bracket 

 

Figure 7: Y-Bracket and plate of stainless steel AISI 304 

3.3.2 Blades  

3.3.2.1 NACA (National Advisory Committee for Aeronautics airfoils) profile 4415 

“During the late 1920s and into the 1930s, the NACA developed a series of thoroughly tested airfoils 

and devised a numerical designation for each airfoil, a four digit number that represented the airfoil 

section's critical geometric properties. Engineers could quickly see the peculiarities of each airfoil 

shape, and the numerical designator ("NACA 2415," for instance) specified camber lines, maximum 

thickness, and special nose features. These figures and shapes transmitted the sort of information 

to engineers that allowed them to select specific airfoils for desired performance characteristics of 

specific aircraft”. (Allen, 2017) 

The NACA airfoil series is controlled by 4 digits e.g. NACA 4415, which designate the camber, position 

of the maximum camber and thickness. If an airfoil number is NACA MPXX, then: 

 M is the maximum camber divided by 100. In the example M=4 so the camber is 0.04 or 4% 

of the chord 

 P is the position of the maximum camber divided by 10. In the example P=4 so the maximum 

camber is at 0.4 or 40% of the chord. 
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 XX is the thickness divided by 100. In the example XX=15 so the thickness is 0.15 or 15% of 

the chord.  

The blades were designed with the NACA airfoil of four digits 4415, and imported into SolidWorks 

with a tool to draw with a hundred of point coordinates in a XY plane to plot the spline of the airfoil.  

 

Figure 8: General Information for the NACA 4415 for the plotting of the curve 

Table 8: Coordinates of the NACA airfoil 4415 

 

 

 

 

 

 

 

 

 

 

 

1.0 -0.000000

  0.976083  0.007538

  0.906329  0.027956

  0.796771  0.055641

  0.657380  0.083579

  0.501468  0.104949

  0.343463  0.113676

  0.199146  0.102405

  0.086827  0.073724

  0.018499  0.036555

  0.000000  0.000000

  0.030445 -0.027066

  0.104156 -0.040087

  0.213068 -0.041202

  0.347520 -0.035161

  0.498532 -0.027172

  0.651637 -0.017974

  0.791015 -0.010119

  0.902688 -0.004518

  0.974973 -0.001145

1.0 0.000000

NACA 4415                                    

M=4% P=40% T=15%
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Figure 9: NACA 4415 plotted in SolidWorks 

After plotting the spline of the airfoil, the piece was extruded with a height of 1000 mm for the 

propeller with carbon fiber Thornel Mat VMA on the outside with a total weight of 2 kg, conserving 

the properties of this type of carbon fiber with grooves to place the Y-bracket plates and fasten with 

screws. 

 

 

 

 

 

 

 

 

Figure 10: Carbon fiber propeller 

3.3.3 Final Assembly 

With all the pieces designed, the general assembly of the turbine was realized, obtaining a 

total height of 2.4m, a turning diameter of 1.05m and a total weight of 19.5 kg, a total area 

of 0.8975m2 and a moment of inertia of 2.69 kgm2.  
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Figure 11: Exploded view of the Macam Darrieus Wind Turbine 

 

Figure 12: Macam Darrieus Wind Turbine 
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3.4 Wind Turbine Calculations 

Finally with all the data of the design of the turbine, the amount of energy that could be produced 

by the turbine theoretically was calculated with the aid of the minimum, average, rated and 

maximum wind speed in Gijon, in order to obtain with mathematical formulas mentioned below, a 

total voltage of 104VDC, A current of 11.6 A and a power of 4KW, considering the rated speed of 

wind. These quantities should be checked with the electronic circuit design. 

Table 9: Wind Turbine Calculations with different speeds of wind 

 

4. CONCLUSIONS 

With the help of the Workroom on Renewable Energy of the University of Oviedo, the objective was 

achieved by theoretically obtaining the amount of electrical energy produced by the designed 

turbine that will be injected into the electrical network of the home and the country. 

In general this line of research helped me to strengthen my knowledge in the area of power 

electronics and in the use of renewable energy for the production of electrical energy 

  



WORKROOMS Journal Nº5 – July 2017 

WR-2017-06-pag. 17 

5. REFERENCES 

 

1. Airfoil Tools. (2016). Airfoil Tools. Retrieved from NACA 4415: 

http://airfoiltools.com/airfoil/naca4digit?MNaca4DigitForm%5Bcamber%5D=4&MNaca4D

igitForm%5Bposition%5D=40&MNaca4DigitForm%5Bthick%5D=15&MNaca4DigitForm%5B

numPoints%5D=20&MNaca4DigitForm%5BcosSpace%5D=0&MNaca4DigitForm%5BcosSpa

ce%5D=1&MNaca4DigitForm%5Bclo 

2. Allen, B. (2017, Febrero 13). NASA. Retrieved from NACA Airfoils: 

https://www.nasa.gov/image-feature/langley/100/naca-airfoils 

3. CarboSystem. (2017). CarboSystem. Retrieved from http://carbosystem.com/fibra-de-

carbono-2/ 

4. CFE. (2017, Marzo). Comisión Federal de Electricidad . Retrieved from 

http://app.cfe.gob.mx/Aplicaciones/CCFE/Tarifas/Tarifas/tarifas_negocio.asp?Tarifa=CMA

TF 

5. General Electric. (2016). General Electric Renewable Energy. Retrieved from 

https://www.gerenewableenergy.com/wind-energy/turbines.html 

6. Good Fellow. (2017). GoodFellow Todos los materiales para Investigación Científica y 

Fabricación. Retrieved from Acero Inoxidable AISI 304: 

http://www.goodfellow.com/S/Acero-Inoxidable-AISI-304.html 

7. López, C. P. (2017). WIND TURBINE BASED ON A PERMANENT MAGNET. Retrieved from 

https://docs.google.com/viewer?a=v&pid=sites&srcid=ZGllZWNzLmNvbXx3b3Jrcm9vbXN8

Z3g6MWEyOTc3MmZlOWMwY2Q4OA 

8. Mariano. (2011, Mayo 30). Tecnología de Plásticos. Retrieved from 

http://tecnologiadelosplasticos.blogspot.com.es/2011/05/pet.html 

9. Secades, M. R. (2015). Quasi-MPPT control in Wind/Water turbines. Maximum Power Point 

Current (IMPP) versus Electrical Frequency (Fe) Control. Gijón, Asturias, España: Universidad 

de Oviedo. 



WORKROOMS Journal Nº5 – July 2017 

WR-2017-06-pag. 18 

10. Secades, M. R. (2016). WRE (Workroom on Renewable Energy). BASICS OF WIND 

GENERATOR SYSTEMS DESING USING PERMANENT MAGNET GENERATORS (PMG). Gijón, 

Asturias, España. 

11. SIE. (2017, Abril). Sistema de Información Energética. Retrieved from Secretaria de Energía: 

http://sie.energia.gob.mx/bdiController.do?action=cuadro&cvecua=IIIBC02 

12. Songhan Platic Technology Co., Ltd. (s.f.). Look Polymers. Retrieved from 

http://www.lookpolymers.com/pdf/Cytec-Thornel-Mat-VMA-Carbon-Fiber.pdf 

 


