www.czasopisma.pan.pl P
Y

N www journals.pan.pl

<

TEKA. COMMISSION OF MOTORIZATION AND ENERGETICS IN AGRICULTURE - 2016, Vol. 16, No. I, 93-98

3D Analysis of Machining of Wind Turbine Blade
Using CAD/CAM Software
Part 2. Wind Turbine Blade Modelling

Karol Tucki, Mateusz Zimoch

Department of Production Management and Engineering, Warsaw University of Life Sciences - SGGW
Nowoursynowska 166, 02-787 Warsaw, karol_tucki@sggw.pl

Received January 25.2016; accepted January 26.2016

Summary. This work is an analysis of construction and creation
of a 3D model of a wind turbine blade in a CAD environment,
using SOLIDWORKS on the basis of forces influencing the
blade, which were determined using WIATRAK 1.1 software.
The presented process is related to the issues of 3D modelling
of a wind turbine blade and simulation of fabrication process in
the CAM environment.
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INTRODUCTION

The basic assumption for manufacturing a wind tur-
bine blade is creation of a solid and light structure with
parameters correlated with the aerodynamic assumptions
[8, 17]. The required shapes of aerofoil profiles used in
constructions with a horizontal rotation axis are certain-
ly non-linear [6, 11]. This determines that the shapes are
unique and difficult to produce. Additionally, most blades
are twisted and their longitudinal section forms a cone
which adds to the complexity of the designed solid [9, 13,
14]. The production method that meets these requirements
consists of two parts: the creation of main spars of the
wing and the external cladding. The cladding ensures the
required aerodynamic properties and the spar carries the
whole construction.

The twisted shape of the blade which correlates to the
increase of their radius is realized in order to optimize their
work [10, 16]. This solution is especially important in case of
turbines characterized by a fixed angle of attack — regulated
using servomechanisms. The lower the angle the higher the
required wind pressure to maintain the lift force on the blade
[4, 18]. The larger the angle, the larger the force that moves
the blade, however this relation is maintained only up to the
critical angle of attack, after which the lift force is steeply
decreased. This phenomenon is called a stall. In case of a

stall, the airflow breaks away from the upper surface of the
blade, which results in a lift loss[1, 12].

Turbines that can modify the angle of attack of their
blades analyze the incoming wind pressure and modify the
AOA in such a way as to maintain the nominal production of
electricity [3]. In case the nominal production is not reached,
the blades are twisted by an angle of incidence ¢, which
is analytically calculated using specialized aerodynamic
software used in aviation and wind power sector [7, 19, 20].

GEOMETRY AND AERODYNAMIC FORCES

Geometric and aerodynamic calculations have been
performed for sections of the blade all along its length.
The figures below present the calculation scheme for ex-
treme cases, i.e. the beginning and end of a given ele-
ment. Figures 1-6 present the construction parameters of
the blade and resultant speeds at a given wind; Figures
7 and 8 present the aerodynamic forces present on the
CLARKY profile.

Wikres preckodci | Katy | Saerokadé ropalki

Pramiefi r 0.500 [rn]

Szerokost fopatki t 1.246 [m]

Predkosc wiatiu Y 2.000 [més]

Predkodé obwodowa 1 2.000 [mv's]

Predkoic wegledne] | 11.314 [m/s]

K.at predkosci .
e K 45.00 [stopri

w=11.314m/s] u= 8.000[m/s]

Kat zaklinowania Kz 43.56 [stopni]

w= 8.000[m/s] E.at natarcia Kn 1.44 [stopni]

& Wykies wektorowy O Whkres wir), ufr], wir] Obliczenia |

| |

B Koniec ‘ 1= Dalej ‘

Fig. 1. Speed graph for initial part of a wind turbine blade —
WIATRAK 1.1 software [own elaboration]
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Fig. 2. Determination of initial angles of a wind turbine blade —
WIATRAK 1.1 software [own elaboration]

The angle of incidence in relation to the perfect L/D
angle determines the optimal and desirable operating con-
ditions for a wind turbine blade [2, 5]. This is due to the fact
that the relative speed curve is identical to the curve of the
perfect L/D angle
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Fig. 3. Initial width of a wind turbine blade — WIATRAK 1.1
software [own elaboration]

The initial width of a wind turbine blade is the largest
width and is the closest to the rotor’s axis. Such geometrical
conditions determine the largest value of mechanical load
present at that point.
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Fig. 4. Speed graph for final part of a wind turbine blade — WI-
ATRAK 1.1 software [own elaboration]

As we see the speed vectors in the final profile of the
wind turbine blade are much larger than in its initial part.
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Fig. 5. Determination of the final angles of a wind turbine blade
— WIATRAK 1.1 software [own elaboration]
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Fig. 6. Final width of a wind turbine blade — WIATRAK 1.1
software [own elaboration]

The final section of the blade, apart from high speeds,
is characterized also by the lowest width of the section and
the largest change in the angle of incidence. These values
are presented in Fig. 6. The figures below present the forces
resulting from the wind at a given speed.

In Figures 7 and 8, apart from the wind forces impacting
the blade’s section, the total forces impacting the whole
wind-wheel were calculated — which is shown in Figures
7 and 8. These are constant values for the whole section of
the wind engine, that’s why they have the same value for
the final sections of the blade.
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Fig. 7. Forces on initial part of a wind turbine blade - WIATRAK
1.1 software [own elaboration]
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Fig. 8. Forces on final part of a wind turbine blade - WIATRAK
1.1 software [own elaboration]

CREATION OF A BLADE IN CAD SYSTEM

On the basis of the calculated geometric and analytic
parameters, a 3D model of a given blade will be created. The
process starts with the creation of the aerodynamic profile
curve. This size of the curve is adapted to the first section of
the blade which is located nearest to the rotor’s axis, which
is shown in Figure 9.

Fig. 9. CLARKY profile curve — SOLIDWORKS software [own
elaboration]

Next, based on the knowledge of the parameters of the
last section of the blade and its angle of incidence, its ge-
ometry is created on the surface at the distance equal to the
given length of the blade (Fig. 10).
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Fig. 10. End sections of a wind turbine blade - SOLIDWORKS
software [own elaboration]

Having the two characteristic sections, when creating a
given solid, it is possible to create the required section of the
blade when connecting the two surfaces (Fig. 11).
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Fig. 11. Extension of surfaces making a wind turbine blade —
SOLIDWORKS software [own elaboration]

The last part is the creation of connection between the
blade and the rotor. This element was constructed in a sche-
matic manner in order to visualize its existence. It is not
the subject of the research and shall not be subjected to
machining (Fig. 12).

Fig. 12. Extension of surfaces making a wind turbine blade’s
connection — SOLIDWORKS software [own elaboration]

The prepared 3D model was visualized on 4 projection
planes in sketch view and realistic view in Figures 13 and
14. The first visualization shows the construction lines of the
element, the existing angle changes and the support struc-
ture, and the next visualization shows the general view of
the geometry of the construction and its factual appearance.

Fig. 13. Sketch view of a wind turbine blade —- SOLIDWORKS
software [own elaboration]
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CONCLUSIONS

The wind turbine blade for the chosen CLARK Y, due
to its geometry may be used for wind engines of small
power. This results from the fact that the diameter of the
rotor is 5 m, i.e. it does not exceed 15-20 m, which is
the limit value for such constructions.

For the chosen wind speed V, =8 m/s and the fixed angle
of attack o = 1.44, the resultant aecrodynamic forces on
the sections are from Fa=0.990 N for the initial section
nearest the axis, up to Fa = 3.671N in its final section.
These values are also directly determined by the change
in the angle of incidence B between 9.87 —43.56°. With
its increase, the aerodynamic force increases, however
this trend is continued only to a certain critical point,
above which a drastic fall of the lift force is observed.
In the present research this point was not reached, which
is a condition for the desired operation of the blade.
All the above parameters imply the proper dimensions
of the designed element. Its length is Sm and its width
is variable: at its thickest point, i.e. the initial section it
is 1.246 m and in the final section it is 0.361 m.

The 3D model of the analyzed element was created using
SOLIDWORKS software. It offers complex, 3D mod-
elling of the machined elements and is one of the most
commonly chosen software suites in the engineering
world. The aim of its selection was achieving the highest
possible accuracy and precision in the representation of
the calculated geometry of the blade. Additionally, the
resultant CAD file is compatible with CAM software,
which enables the use of the said file during the simula-
tions of the manufacture process.
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ANALIZA 3D OBROBKI SKRAWANIEM LOPATKI
TURBINY WIATROWEJ PRZY WYKORZY STANIU
OPROGRAMOWANIA CAD/CAM
CZ.2.: MODELOWANIE LOPATY TURBINY
WIATROWE]

Streszczenie. Praca stanowi analiz¢ konstruowania i wykonania
modelu 3D topaty turbiny wiatrowej wykonanego w $rodowisku
CAD za pomoca systemu SOLIDWORKS w oparciu o dziatajace
na niego sity, ktore zostaty wyznaczone przy pomocy programu
WIATRAK 1.1. Przedstawiony proces dotyczy zagadnien z za-
kresu modelowania 3d topaty turbiny wiatrowej oraz symulacji
wytworzenia zaprojektowanego elementu w srodowisku CAM.
Stowa kluczowe: geometria, fopatka, sity acrodynamiczne, ob-
liczenia.
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