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Abstract
Wind turbine blades are shaped to generate the maximum power 
from the wind at the minimum cost. Primarily the design is driven 
by the aerodynamic requirements, but economics mean that the 
blade shape is a compromise to keep the cost of con struction 
reasonable. In particular, the blade tends to be thicker than the 
aerodynamic optimum close to the root, where the stresses due 
to bending are greatest. In this paper the blade design process 
starts with a “best guess” compromise between aerody namic and 
structural efficiency. The choice of materials and manufacturing 
process will also have an influence on how thin the blade can be 
built. For instance, prepreg carbon fibre is stiffer and stronger 
than infused glass fibre. The chosen aerodynamic shape gives 
rise to loads, which are fed into the structural design. Finally the 
experimental result shows the designing the model of wind turbine 
blades in a brief way. 

Keywords
Aerody namic, Wind Turbine

I. Introduction
Wind turbine design is the process of defining the form and 
specifications of a wind turbine to extract energy from the wind. 
A wind turbine installation consists of the necessary systems 
needed to capture the wind’s energy, point the turbine into the 
wind, convert mechanical rotation into electrical power, and other 
systems to start, stop, and control the turbine.

Fig. 1: Wind Turbine Placement in Structural Locations

A. Blade  Design
The ratio between the speed of the blade tips and the speed of the 
wind is called tip speed ratio. High efficiency 3-blade-turbines 
have tip speed/wind speed ratios of 6 to 7. Modern wind turbines 
are designed to spin at varying speeds (a consequence of their 
generator design, see above). Use of aluminum and composite 
materials in their blades has contributed to low rotational inertia, 
which means that newer wind turbines can accelerate quickly if the 
winds pick up, keeping the tip speed ratio more nearly constant. 

Operating closer to their optimal tip speed ratio during energetic 
gusts of wind allows wind turbines to improve energy capture from 
sudden gusts that are typical in urban settings (see fig. 2).

  
Fig. 2: Wind Turbine Blade Construction Materials

In contrast, older style wind turbines were designed with heavier 
steel blades, which have higher inertia, and rotated at speeds 
governed by the AC frequency of the power lines. The high inertia 
buffered the changes in rotation speed and thus made power output 
more stable.
The speed and torque at which a wind turbine rotates must be 
controlled for several reasons:

To optimize the aerodynamic efficiency of the rotor in light • 
winds.
To keep the generator within its speed and torque limits.• 
To keep the rotor and hub within their centrifugal force limits. • 
The centrifugal force from the spinning rotors increases as 
the square of the rotation speed, which makes this structure 
sensitive to overspeed.
To keep the rotor and tower within their strength limits. • 
Because the power of the wind increases as the cube of the 
wind speed, turbines have to be built to survive much higher 
wind loads (such as gusts of wind) than those from which 
they can practically generate power. Since the blades generate 
more torsional and vertical forces (putting far greater stress 
on the tower and nacelle due to the tendency of the rotor to 
precess and nutate) when they are producing torque, most 
wind turbines have ways of reducing torque in high winds.
To enable maintenance. Since it is dangerous to have people • 
working on a wind turbine while it is active, it is sometimes 
necessary to bring a turbine to a full stop.
To reduce noise. As a rule of thumb, the noise from a wind • 
turbine increases with the fifth power of the relative wind 
speed (as seen from the moving tip of the blades). In noise-
sensitive environments, the tip speed can be limited to 
approximately 60 m/s (200 ft/s).



IJRMET Vol. 3, IssuE 1,  NoV - ApRIl 2013  ISSN : 2249-5762 (Online)  |  ISSN : 2249-5770 (Print)

w w w . i j r m e t . c o m 42   InternatIonal Journal of research In MechanIcal engIneerIng & technology

It is generally understood that noise increases with higher blade tip 
speeds. To increase tip speed without increasing noise would allow 
reduction the torque into the gearbox and generator and reduce 
overall structural loads, thereby reducing cost. The reduction 
of noise is linked to the detailed aerodynamics of the blades, 
especially factors that reduce abrupt stalling. The inability to 
predict stall restricts the development of aggressive aerodynamic 
concepts.
According to the World Resources Institute, wind is already the 
least expensive renewable energy source for producing electricity. 
In regions geographically suited to harnessing wind power, this 
clean energy source can produce electricity at a cost competitive 
with coal or natural gas – without the greenhouse gases such fuels 
emit. Production of wind turbines and systems has increased by 
a factor of 5.2 since 2000 and by a factor of 115 since 1990. In 
2007, composite wind turbine blades worth an estimated $4.3 
billion were delivered globally and this figure is projected to rise 
to $5.9 billion in 2008. The global value of all wind turbine blades 
is projected by Composites Market Reports (CMR) to reach $34 
billion by 2017.

II. Generic Blade Cross Section 
Designing composite wind turbine blades is about balancing 
aerodynamic performance and structural integrity. Blades must 
extract as much energy from the airflow as possible while resisting 
huge forces and deformations over a lifespan of 20 years with 
minimum lifecycle costs.
While blades need to be as narrow and thin as possible to achieve 
maximum energy extraction, sufficient strength and stiffness can 
only be provided by larger cross sections and/or the use of higher 
performance materials, leading to a design that is a compromise 
between efficiency, endurance and cost.
In all, hundreds of composite plies and numerous pieces of core 
materials are required to make a wind turbine blade. Blades must 
be able to stand up under the duress of tens of millions of rotations 
and fatigue cycles for at least 20 years. This is no easy engineering 
task, especially when you consider that the blade can weigh as 
much as 20 tons and the speed at the tip of the blade can reach 
up to 200 mph. Blades must also withstand harsh sun, heavy rain, 
snow, ice, hail, gusty winds and lightning strikes.
The most typical types of structural design for large wind blades are 
“box beam,” where the spar is a closed section beam manufactured 
separately and then bonded to the pressure and suction sides as 
shown in Figure 3. In the type called “shear web,” monolithic 
spar caps are embedded in the pressure and suction sides, and 
only the shear web is manufactured separately and then bonded 
to the rest of the structure.

Fig. 3: Generic Blade Cross Section

The blade shells are typically built using balsa or foam material 
over some areas in order to increase bending stiffness and reduce 
the risks of buckling. The leading and trailing edges are typically 
reinforced with unidirectional material for both local reinforcement 
and also to increase the edge-wise bending stiffness.
So what is the most appropriate process for designing and 
manufacturing such a complex composite assembly that needs 
to satisfy stringent structural and environmental requirements? 
We can look to the aerospace industry for some of the answers. 
The aerospace and defense industries were early adopters of high-
performance composites so it is no surprise that the bulk of the 
expertise is owned by people who have worked in those industries. 
Some of that expertise is transferable to other applications such 
as wind turbines. 

A. How Blades Capture Wind Power
Just like an aeroplane wing, wind turbine blades work by generating 
lift due to their shape. The more curved side generates low air 
pressures while high pressure air pushes on the other side of the 
aerofoil. The net result is a lift force perpendicular to the direction 
of flow of the air.
The lift force increases as the blade is turned to present itself at 
a greater angle to the wind. This is called the angle of attack. At 
very large angles of attack the blade “stalls” and the lift decreases 
again. So there is an optimum angle of attack to gener ate the 
maximum lift.

Fig. 4: Left and Drag Vectors

There is, unfortunately, also a retarding force on the blade: the 
drag. This is the force parallel to the wind flow, and also increases 
with angle of attack. If the aerofoil shape is good, the lift force 
is much bigger than the drag, but at very high angles of attack, 
especially when the blade stalls, the drag increases dramatically. 
So at an angle slightly less than the maximum lift angle, the blade 
reaches its maximum lift/drag ratio. The best operating point will 
be between these two angles.
Since the drag is in the downwind direction, it may seem that it 
wouldn’t matter for a wind turbine as the drag would be parallel 
to the turbine axis, so wouldn’t slow the rotor down. It would 
just create “thrust”, the force that acts parallel to the turbine axis 
hence has no tendency to speed up or slow down the rotor. When 
the rotor is stationary (e.g. just before start-up), this is indeed the 
case. However the blade’s own movement through the air means 
that, as far as the blade is concerned, the wind is blowing from a 
different angle. This is called apparent wind. The apparent wind 
is stronger than the true wind but its angle is less favourable: 
it rotates the angles of the lift and drag to reduce the effect of 
lift force pulling the blade round and increase the effect of drag 
slowing it down. It also means that the lift force contributes to 
the thrust on the rotor.
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Fig. 5: Apparent Wind Angles

For instance, some of the design methodologies and manufacturing 
engineering processes used to develop aircraft wings and fairings 
are similar to the process for developing blades. However, the 
wind industry presents some major differences in terms of part 
size, material types, layup processes and design tolerances. For 
example, a large variety of biax/triax/quadrax and multilayered 
matte/woven/uni materials are used on wind blades. Some ply 
draping and covering techniques are more pertinent to composite 
blade design, such as the extensive use of 2D-to-3D mapping 
of rolls of material, as opposed to aerospace where most plies, 
which are much smaller, are defined using 3D-to-2D flattening 
and trimming.

Fig. 6 Turbine Blade Box and Shear Configuration

B. Employing End-to-End Solutions
In order to support their new advanced composite engineering 
and manufacturing processes, wind blade manufacturers must 
look beyond acquiring point solutions. What companies are really 
looking for is to create an end-to-end engineering environment 
with the best-in-class assets that can maximize efficiency and 
effectiveness.
Implementing an integrated composite design, analysis and 
manufacturing environment is a must if you want to develop a 
better and faster engineering process. This environment must 
be open and flexible so engineers can easily and rapidly adapt 
the tools to the needs of the wind turbine industry as well as 
specific customer requirements. It must also allow the company 
to select the best software components, be it the CAD platform 
for 3-D design, the CAE solution for structural analysis, CAM 
software for manufacturing simulation, or a PDM system for data 
management.

C. The Tower
The basic philosophy of the turbine design was also applied to 
the tower. If your site is accessible by a crane, then it is easy 
to install the 18 m tower as shown in the photo. The tower is a 
counterweighted swing tower hinged at 8 m from the base. The 
turbine side is slightly heavier than the counterweighted side. 
This allows the turbine to be raised and lowered by only a few 
people - fewer people are needed than shown in the photo. This 
makes the installation of the turbine and the yearly maintenance 
inspection very easy. 

III. Discrete Blade Motion
In an experiment it is not possible to measure the motion of all 
material points of the wind turbine blade. Instead the motion is 
discretized. A finite number of Degrees Of Freedom (DOFs) are 
used to describe the blade motion.
The mode shapes of a blade are assumed to be described by three 
functions of the radius: flapwise and edgewise deflections, and 
torsion of the chord about the pitch-axis (the axis from root to 
tip about which the collective pitch of the blade is set). Each 
cross-section is assumed to undergo rigid body motion in a 
plane perpendicular to the pitch-axis. To describe this rigid body 
motion only three DOFs are necessary. Figure 1illustrates how a 
configuration of three DOFs could be chosen: Two flapwise DOFs 
to describe flapwise deflection and torsion (denoted uy and θ), and 
one edgewise DOF to describe the edgewise deflection (denoted 
ux). A rotational DOF to describe torsion is not available in the 
following experiments and therefore not considered here.
A DOF is characterized by a direction and a position. The directions 
and positions of the three DOFs in a cross-section is important to 
the description of its rigid body motion. For some configurations 
of DOFs the determination of ux, uy, and θ may be very sensitive 
to errors in the positions and directions of the DOFs. The rigid 
body motion can be derived as functions of the three amplitudes 
of the DOFs in the following form
u = Ax 
where u = {ux, uy, θ}T is the motion of the cross-section, 
                             x = {xi, xi+1, xi+2}T

Fig. 7: The Degrees of Freedom for a Wind Turbine Blade

By many accounts, wind energy, a relative veteran among 
alternative energy sources, is well-positioned for a perfect storm 
around growth:  The political climate is favorable, a downtrodden 
economy is hungry for economical and efficient fossil fuel 
alternatives and more than 30 years of research and development 
has been poured into wind energy innovations. 



IJRMET Vol. 3, IssuE 1,  NoV - ApRIl 2013  ISSN : 2249-5762 (Online)  |  ISSN : 2249-5770 (Print)

w w w . i j r m e t . c o m 44   InternatIonal Journal of research In MechanIcal engIneerIng & technology

Yet one of the remaining barriers to widespread adoption of wind 
energy is honing that right mix of functionality for a wind turbine 
blade design that is large enough to support higher performance 
while retaining a form factor that is economical, reliable and can 
be produced on a grander scale.in the frequency domain which 
hold enough information to extract the modal properties.

IV. Simulation
Fixed-Free condition simulated by adding translational springs.
There is an inherent amount of uncertainty introduced due to 
the unavoidable difficulty in replicating fixed end conditions. 
Combin14 elements utilized in ANSYS to model springs.

Fig. 8: Wind Turbine Blade Simulation Result

This work includes field testing of three prototype wind turbines, 
two of these being 5 kW turbines which were the forerunners of 
the Aerogenesis turbine. The research work has included finite 
element modeling of the blade structure to ensure adequate strength, 
fatigue testing of blades, detailed computational modeling of the 
blade aerodynamics for optimum efficiency, excellent low wind 
performance and low noise.

Fig. 9: Variation of Wind Turbine Blade

The below Curve  i.e., fig. 9 Shows the comparision of power  
output (KW) and  wind speed (m/s)

Fig. 10: Wind Speed Vs Power Output Comparison

V. Conclusion
Composites materials are ideal for producing wind turbine blades 
because of their strength, light weight and ability to be tailored to 
provide the precise mechanical properties needed for any blade 
design. But the traditional manual, sequential and trial-and-error-
based composites design process makes it difficult to take full 
advantage of composites’ tremendous performance capabilities 
due to long manufacturing cycles and inexact manufacturing 
processes. Now, best practices originally developed for rotorcraft 
blade manufacturing can be applied to composites design for 
wind turbine blades to enable a complete set of process-oriented 
solutions to design, simulate and manufacture composites blades 
on a single virtual platform.
The new approach saves time and avoids errors by managing 
all aspects of the preliminary and detailed design in a single 
associative environment. The design can be optimized from 
a manufacturability standpoint in the virtual environment to 
save time and material on the shop floor. Bidirectional links 
to powerful analysis tools reduce the time required to meet the 
design specifications while minimizing weight and cost. Links 
are provided for the digital design information to drive pattern 
cutting, laser projection, nesting, etc. All in all, the new approach 
improves performance and quality while reducing development 
time and costs.
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