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Title: Wind turbine blade assembled from inboard and outboard blade parts

Technical Field

The present invention relates to a wind turbine blade assembled from an inboard blade
part and an outboard blade part. Further, the invention relates to a wind turbine com-
prising such wind turbine blades as well as a method of manufacturing or assembling

such a wind turbine blade.

Background

Ideally, a wind turbine blade of the airfoil type is shaped similarly to the profile of an
aeroplane wing, where the chord plane width of the wind turbine blade as well as the
first derivative thereof increase continuously with decreasing distance from the hub.
This results in the blade ideally being comparatively wide in the vicinity of the hub. This
again results in problems when having to mount the wind turbine blade to the hub, and,
moreover, this causes great loads during operation of the wind turbine blade, such as

storm loads, due to the large surface area of the wind turbine blade.

Therefore, over the years, construction of wind turbine blades has developed towards a
shape, where the wind turbine blade consists of a root region closest to the hub, an air-
foil region comprising a lift-generating profile furthest away from the hub and a transi-
tion region between the root region and the airfoil region. The airfoil region has an ideal
or almost ideal profiled contour shape with respect to generating lift, whereas the root
region has a substantially circular cross-section, which reduces the loads and makes it
easy and safe to mount the wind turbine blade to the hub. The root region diameter
may advantageously be constant along the entire root region. Due to the circular cross-
section, the root region does not contribute to the energy production of the wind turbine
and, in fact, lowers this a little because of drag. As it is suggested by the name, the
transition region has a shape gradually changing from the circular shape of the root re-
gion to the airfoil profile of the airfoil region. Typically, the width of the wind turbine
blade in the transition region increases substantially linearly with increasing distance

from the hub.

When the wind turbine blade is impacted by incident airflow, the profiled contour gene-

rates a lift. When the wind turbine blade is mounted on a wind turbine, the wind turbine
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hub begins to rotate due to the lift. Incident flow is here defined as the inflow conditions
at a profiled contour section during normal use of the wind turbine blade, i.e. rotation on
a wind turbine rotor. Thus, the incoming flow is the inflow formed by the resultant of the
axial wind speed and the rotational component, as it is seen by the local section of the

profiled contour.

As for instance wind turbine blades for wind turbines have become increasingly bigger
in the course of time and may now be more than 70 meters long, the demand for opti-
mised aerodynamic performance has increased. The wind turbine blades are designed
to have an operational lifetime of at least 20 years. Therefore, even small changes to
the overall performance of the wind turbine blade may accumulate over the lifetime of a
wind turbine blade to a high increase in financial gains, which surpasses the additional

manufacturing costs relating to such changes.

As the requirement for effectiveness of a wind turbine is increased, there is a need for

increasing the effectiveness or performance of wind turbines or wind turbine blades.

However, the increase in blade length also imposes challenges to all stages involved in
the manufacturing and installment of the wind turbine blades; the moulds for manufac-
turing blade parts such as blade shells are becoming longer, higher and heavier, which
means that the manufacturing halls have to be longer and need to have a higher clear-
ance to the ceiling, the turning mechanisms used for assembling blade shells have to
be more powerful or additional turning apparatuses have to be used; it becomes in-
creasingly difficult to transport the blades and the logistics of transporting the blades
have to be planned in detail, the installment of the blades on a wind turbine becomes
increasingly difficult; and the wind turbine itself needs to be dimensioned for the higher
rotor mass as well as having more powerful pitch bearings and motors to pitch the

heavier blades.

GB 2462307, EP 2366 892, and EP 2 292 926 describe wind turbine blades that are
provided with chord extenders at the root end of the blade. Similarly, WO 02/08600 de-
scribes a wind turbine blade that is provided with a plate shaped member attached to
the root section of the blade. However, all the blades are encumbered with the above-
mentioned problem that main blade parts extends along the entire longitudinal extend
of the blade and therefore demands for very large moulds. Further, the main blade

parts are encumbered with the same problems with regards to transport.



10

15

20

25

30

35

WO 2013/092852 PCT/EP2012/076369

Disclosure of the Invention

Therefore, it is an object of the invention to obtain a new wind turbine blade, which
overcomes or ameliorates at least one of the disadvantages of the prior art or which

provides a useful alternative.

Thus, according to a first aspect, the invention provides a blade for a rotor of a wind
turbine having a substantially horizontal rotor shaft, said rotor comprising a hub, from
which the blade extends substantially in a radial direction when mounted to the hub,
the blade having a longitudinal direction with a tip end and a root end and a transverse
direction as well as having a blade length. The blade further comprises: a profiled con-
tour including a pressure side and a suction side, as well as a leading edge and a traik
ing edge with a chord having a chord length extending there between, the profiled con-
tour, when being impacted by an incident airflow, generating a lift. The profiled contour
comprises: a root region having a substantially circular or elliptical profile closest to the
hub, and an airfoil region having a lift-generating profile furthest away from the hub, the
blade further comprising a first shoulder defining a maximum chord of the blade and
having a first shoulder width. The blade is assembled from an inboard blade part clos-
est to the hub and an outboard blade part farthest from the hub. The outboard blade
part in turn includes a first blade part comprising: a profiled contour including a pres-
sure side and a suction side, as well as a leading edge and a trailing edge with a chord
extending there between, wherein the profiled contour of the outboard blade part is di-
vided into: a root region having a substantially circular or elliptical profile closest to the
hub, an airfoil region having a lift-generating profile furthest away from the hub, and a
transition region between the root region and the airfoil region, the transition region
having a profile gradually changing in the radial direction from the circular or elliptical
profile of the root region to the lift-generating profile of the airfoil region, and with a
second shoulder defining a maximum chord of the first blade part and having a second
shoulder width located at the boundary between the transition region and the airfoil re-
gion. The first shoulder is located nearer to the hub than the second shoulder, and the

first shoulder width is larger than the second shoulder width.

Thus, it is seen that the blade may be assembled from a conventional blade forming at
least part of the outboard blade part of the blade and an inboard blade part in order to

form a larger blade having a conventional design optimised with respect to aerody-
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namic performance and loads. Thereby, the inboard blade part and the outboard blade
part may be manufactured separately, meaning that individual moulds can be smaller,
which in turn means that the individual parts may be manufactured at smaller factories.
Further, the blade parts may be transported separately to the erection site of the wind
turbine, facilitating easier and cheaper transport of the blade. This also opens up for
the possibility of using existing blades or blade designs and the existing moulds for
manufacturing the first blade part or outboard blade part of the blade, which means that

the investment for additional moulds and the inboard part will be lower.

Further, it is clear that the inboard part and the outboard part form different longitudinal
parts of the assembled blade, and that the total blade length is longer than individual
lengths of the two blade parts. Correspondingly, it is clear that the inboard part and the
outboard part are assembled at an assembly boundary that is located at a distance, i.e.
with a spacing, from the root end of the blade (or correspondingly at a distance from
the hub of the wind turbine). In a preferred embodiment, the inboard part and the out-
board part are assembled at a boundary that extends substantially in a chordal plane of

the wind turbine blade or substantially in a transverse cross-section of the blade.

The blade may advantageously comprise a transition region between the root region
and the airfoil region, the transition region having a profile gradually changing in the ra-
dial direction from the circular or elliptical profile of the root region to the lift-generating
profile of the airfoil region, and where the first shoulder is located at the boundary be-
tween the transition region and the airfoil region. Thereby, it is seen that the assembled
blade has a design corresponding to a conventional blade with a root region, transition

region, and airfoil region.

Advantageously, the chord length is continuously increasing from the tip end to the po-
sition of the first shoulder. The assembled blade may comprise a section with a sub-
stantially constant chord, but the assembled blade comprises no sections between the
blade tip and the position of the first shoulder where the chord length is decreasing in a

direction towards the root end of the assembled blade.

According to one advantageous embodiment, the first shoulder is located at the in-
board blade part of the blade. According to a particularly advantageous embodiment,
the inboard blade part comprises a load carrying structure and a first aerodynamic shell

fitted to the load carrying structure. The load carrying structure of the inboard blade
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part may comprise a substantially circular cross section, such as one being formed as

a cylinder.

In yet another advantageous embodiment, the blade comprises a second aerodynamic
shell fitted to the transition region and the root region of the first blade part. This sec-
ond aerodynamic transition may be used to form a smooth transition between the pro-
filed contour of the first blade part and the profiled contour of the inboard blade part.
The second aerodynamic shell may be fitted to the trailing edge of the blade and in ex-
tension from the second shoulder. Alternatively, the first aerodynamic shell and the
second aerodynamic shell may be formed as a unitary part, thus being part of the in-

board shell part.

The load carrying structure of the inboard part may also in principle be integrated into a

blade shell, e.g. as principle or main laminates of the structure.

According to another advantageous embodiment, the inboard blade part comprises a

blunt trailing edge.

According to a particularly advantageous embodiment, the outboard blade part is
pitchable in relation to the inboard blade part. In other words a pitch bearing is located
at the boundary between the inboard blade part and the outboard blade part, and pro-
vides for the option of a partial pitched wind turbine blade. This puts less demand on
the pitching system, as only the outboard part of the blade need to be pitched and thus
a lower weight or mass. This is sufficient for power regulating the operation of the wind
turbine. The blade may of course also be provided with a second pitch bearing at the

root end of the assembled blade, so that the entire blade may be pitched.

In embodiments, where an aerodynamic shell is fitted to blade parts, it may be advan-
tageous to form the first aerodynamic shell and the second aerodynamic shell as sepa-
rate shell parts, so that the second aerodynamic shell may be pitched in relation to the
first aerodynamic shell. Accordingly, the first aerodynamic shell and the second aero-
dynamic shell are divided in a pitch plane between the inboard blade part and the out-

board blade part.

The ends of the first aerodynamic shell and the second aerodynamic shell are prefera-

bly closed by a bulkhead or the like.
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In yet another advantageous embodiment, a profiled contour of the inboard blade part
substantially flushes with a profiled contour of the outboard blade part in a zero pitch
position of the blade. Thus, if the blade is partially pitched, then the profiled contours
flush with each other for a blade pitch angle of zero degrees. For a fully pitched blade,

the profiled contours flush with each other in all pitch positions.

In one embodiment, the outboard blade part is prebent or prestressed in a flapwise di-
rection, e.g. forwardly curved so as to increase tip-to-tower clearance of an upwind
configured horizontal wind turbine. In such an embodiment, the blade is curved towards
the pressure side of the blade, i.e. being curved so that the blade when installed on an
upwind wind turbine will curve away from a tower of the wind turbine, at least at rela-
tively low wind speeds. In operation at for instance the design wind speed, the blades
are straightened due to the force of the incoming wind and the pressure distribution on
the pressure side (or correspondingly the upwind or windward side) of the blade and
the suction side (or correspondingly the downwind or leeward side) of the blade, re-
spectively, thus maximising the area swept by the blade in a rotor plane. A prebent
blade makes it possible to lower the stiffness of the blade even further, thereby reduc-

ing the material needed and consequently also the loading of the blade.

A length of the outboard part may be between 60% and 85% of the length of the blade,
advantageously between 60% and 80%, more advantageously 65% to 80%, and even

more advantageously 65% to 75%.

The length of the blade is advantageously at least 40 metres, or at least 45 metres, or

at least 50 metres, or at least 55 metres, or at least 60 metres.

According to a second aspect, the invention provides a wind turbine comprising a num-
ber, preferably two or three, of blades according to any of the aforementioned embodi-
ments, the blades extending substantially radially from a hub on a main shaft having a
substantially horizontal centre axis, the blades together with the hub constituting a rotor
with a rotor plane, and which can be put into rotation by wind. Advantageously, the
wind turbine is upwind configured. Advantageously, the wind turbine is pitch controlled

and/or power regulated.
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According to a third aspect, the invention provides a method of manufacturing a blade.
The method comprises the steps of: a) manufacturing a first blade part having a pro-
filed contour including a pressure side and a suction side, as well as a leading edge
and a trailing edge with a chord extending there between, wherein the profiled contour
of the outboard blade part is divided into a root region having a substantially circular or
elliptical profile closest to the hub, an airfoil region having a lift-generating profile fur-
thest away from the hub, and a transition region between the root region and the airfoll
region, the transition region having a profile gradually changing in the radial direction
from the circular or elliptical profile of the root region to the lift-generating profile of the
airfoil region, and with a second shoulder having a second shoulder width and located
at the boundary between the transition region and the airfoil region, b) manufacturing
an inboard blade part, and c) connecting the first blade part to the inboard blade part so
as to form the blade having an overall blade profile with a profiled contour including a
pressure side and a suction side, as well as a leading edge and a trailing edge with a
chord having a chord length extending there between, the profiled contour, when being
impacted by an incident airflow, generating a lift, wherein the profiled contour com-
prises: a root region having a substantially circular or elliptical profile closest to the hub,
and an airfoil region having a lift-generating profile furthest away from the hub, the
blade further comprising a first shoulder defining a maximum chord of the blade and
having a first shoulder width, wherein the first shoulder is located nearer a root end of
the blade than the second shoulder, and wherein the first shoulder width is larger than

the second shoulder width.

The first shoulder width is advantageously at least 5% larger than the second shoulder
width, or at least 10%, 15%, 20%, or even at least 25% larger than the second shoul-

der width.

According to a first additional aspect, the invention provides a blade for a rotor of a
wind turbine having a substantially horizontal rotor shaft, said rotor comprising a hub,
from which the blade extends substantially in a radial direction when mounted to the
hub, the blade having a longitudinal direction with a tip end and a root end and a trans-
verse direction as well as having a blade length. The blade further comprises a profiled
contour including a pressure side and a suction side, as well as a leading edge and a
trailing edge with a chord having a chord length extending there between, the profiled
contour, when being impacted by an incident airflow, generating a lift. The blade is as-

sembled from an inboard blade part closest to the hub and an outboard blade part far-
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thest from the hub. The inboard part comprises a load carrying structure with a first
aerodynamic shell fitted to the load carrying structure, and the outboard part comprises

a blade shell with a load carrying structure integrated in the blade shell.

Basically, the blade design combines two schools of blade building, viz. the technology
of designing the load carrying structure as a spar or beam and then mounting a thin
aerodynamic shell to that spar and beam, and the technology of integrating the load
carrying structure in to the blade shell, e.g. in form of an integrated spar cap or princi-
pal laminate. This combined design has the advantage that the inboard part of the
blade, which has to carry the majority of the weight of the blade, is optimised with re-
spect to strength and taking up loads. At the same time, the outboard part, which
sweeps a larger area due to the larger distance from the centre of the rotor, is opti-
mised with respect to the aerodynamic shape and thus optimises the energy yield pro-
duced, since it is easier to control the aerodynamic shape during manufacture of the

blade by implementing the load carrying structure in the blade shell.

Further, it is seen that the blade may be assembled from a conventional blade forming
at least part of the outboard blade part of the blade and an inboard blade part in order
to form a larger blade. Thereby, the inboard blade part and the outboard blade part
may be manufactured separately, meaning that individual moulds can be smaller,
which in turn means that the individual parts may be manufactured at smaller factories.
Further, the blade parts may be transported separately to the erection site of the wind

turbine, facilitating easier and cheaper transport of the blade.

According to a first embodiment, the load carrying structure of the inboard blade part is
a spar or a beam. The load carrying structure of the inboard blade part may be formed

with a substantially circular cross section, such as one being formed as a cylinder.

The beam may advantageously have been manufactured separately, e.g. by filament
winding. The beam may also comprise substantially oval or elliptical shaped parts. Fur-
ther, the shape of the beam may be varying in the longitudinal direction. The aerody-
namic shell may for instance be attached to the load carrying structure by bonding

and/or over-lamination.
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The load carrying structure of the inboard part may be made of steel, aluminium, or fi-
bre-reinforced polymer, e.g. glass or carbon fibre reinforced polymer or a combination

thereof. The fibres could also be steel fibres, plant fibres or the like.

The load carrying structure of the outboard blade part may advantageously be a princi-
pal laminate integrated in the shell, also called a main laminate. Such a principal lami-
nate typically comprises a high number of fibre layers, e.g. 20-50 layers, embedded in
a cured resin. Advantageously, the outboard blade part comprises a first blade part
comprising a pressure side shell part with a pressure side principal laminate, and a
suction side shell part with a suction side principal laminate. The shell parts may be
manufactured separately and later glued together, e.g. along bonding lines along the
leading edge and trailing edge of said shell parts. Alternatively, they can be manufac-

tured in a closed mould setup in one infusion process.

In another advantageous embodiment, at least one shear web is mounted between the

pressure side principal laminate and the suction side principal laminate.

In a particularly advantageous embodiment, the outboard blade part is made as a fibre-
reinforced structure, e.g. comprising glass or carbon fibres or a combination thereof.

The fibres could also be steel fibres, plant fibres or the like.

In yet another advantageous embodiment, the outboard blade part is pitchable in rela-
tion to the inboard blade part. In other words a pitch bearing is located at the boundary
between the inboard blade part and the outboard blade part, and provides for the op-
tion of a partial pitched wind turbine blade. This puts less demand on the pitching sys-
tem, as only the outboard part of the blade need to be pitched, and thus a lower weight.
This is sufficient for power regulating the operation of the wind turbine. The blade may
of course also be provided with a second pitch bearing at the root end of the assem-

bled blade, so that the entire blade may be pitched.

According to one advantageous embodiment, a profiled contour of the inboard blade
part substantially flushed with a profiled contour of the outboard blade part in a zero
pitch position of the blade. Thus, if the blade is partially pitched, then the profiled con-
tours flush with each other for a blade pitch angle of zero degrees. For a fully pitched

blade, the profiled contours flush with each other in all pitch positions. This provides for
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an embodiment, where a gradual transition in loading is achieved and further provides

for an aesthetic appearance of the blade.

In another embodiment, an assembly plane between the inboard blade part and the
outboard blade part form an acute angle with a root plane of the inboard blade part.
The acute angle is preferably arranged so that the outboard blade part is coned out of
the rotor plane, when the blade is installed on a wind turbine, advantageously so that
the blade tip to tower clearance is increased. The acute angle advantageously lies in

an interval from 0.5 degrees to 10 degrees, or 0.5 to 5 degrees, or 1to 5 degrees.

In yet another embodiment, a length of the outboard part is between 60% and 85% of
the length of the blade, advantageously between 60% and 80%, more advantageously

65% to 80%, and even more advantageously 65% to 75%.

The blade length is advantageously at least 40 metres, or at least 45 metres, or at least

50 metres, or at least 55 metres, or at least 60 metres.

The first aerodynamic shell of the inboard blade part may also be made of a fibre-
reinforced polymer material, e.g. with glass or carbon fibres or a combination thereof.
The fibres could also be steel fibres, plant fibres or the like. Further, the shell may also

comprise a sandwich core material, such as balsawood or foamed polymer.

In one embodiment, a longitudinal centre axis of the blade is displaced from a longitu-

dinal centre axis of the outboard blade part.

According to a second additional aspect, the invention provides a wind turbine compris-
ing a number, preferably two or three, of blades according to any of the preceding
claims, the blades extending substantially radially from a hub on a main shaft having a
substantially horizontal centre axis, the blades together with the hub constituting a rotor
with a rotor plane, and which can be put into rotation by wind. Advantageously, the
wind turbine is upwind configured. Advantageously, the wind turbine is pitch controlled

and/or power regulated.

According to a third additional aspect, the invention provides a method of manufactur-
ing a blade, wherein the method comprises the steps of: a) manufacturing a load carry-

ing structure for an inboard blade part, b) connecting a first aerodynamic shell to the
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load carrying structure of the inboard blade part, ¢) manufacturing an outboard blade
part with a blade shell having an integrated load carrying structure, and d) connecting

the outboard blade part to the inboard blade part.

Brief Description of the Drawings

The invention is explained in detail below with reference to an embodiment shown in

the drawings, in which

Fig. 1 shows a wind turbine,

Fig. 2 shows a schematic view of an outboard blade part according to the invention,

Fig. 3 shows a schematic view of the outboard blade part, seen from above and from

the side,

Figs 4a-c show a first embodiment of a wind turbine blade according to the invention,

Fig. 5 shows a second embodiment of a wind turbine blade according to the invention,

Fig. 6 shows a cross sectional view along line |-l of Fig. 4a, and

Fig. 7 shows a cross sectional view along line II-ll of Fig. 4a.

Detailed Description of the Invention

Fig. 1 illustrates a conventional modern upwind wind turbine according to the so-called
"Danish concept" with a tower 4, a nacelle 6 and a rotor with a substantially horizontal
rotor shaft. The rotor includes a hub 8 and three blades 10 extending radially from the
hub 8, each having a blade root 16 nearest the hub and a blade tip 14 furthest from the
hub 8. The rotor has a radius denoted R. However, the blade 10 according to the in-
vention may also be used for a two-bladed, preferably upwind configured, wind turbine.
Fig. 2 shows a schematic view of a conventional wind turbine blade 110 and which is
used as a first blade part of an outboard blade part to form a larger wind turbine blade
according to the invention. The first blade part 110 has the shape of a conventional

wind turbine blade and comprises a root region 130 closest to the hub, a profiled or an
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airfoil region 134 furthest away from the hub and a transition region 132 between the
root region 130 and the airfoil region 134. The first blade part 110 comprises a leading
edge 118 facing the direction of rotation of the first blade part 110, and a trailing

edge 120 facing the opposite direction of the leading edge 118.

The airfoil region 134 (also called the profiled region) has an ideal or almost ideal blade
shape with respect to generating lift, whereas the root region 130 due to structural con-
siderations has a substantially circular or elliptical cross-section, which for instance
makes it easier and safer to mount the first blade part 110 to the hub or in the present
invention to an inboard blade part of the blade. The diameter (or the chord) of the root
region 130 may be constant along the entire root area 130. The transition region 132
has a transitional profile gradually changing from the circular or elliptical shape of the
root region 130 to the airfoil profile of the airfoil region 134. The chord length of the
transition region 132 typically increases with increasing distance r from the hub. The
airfoil region 134 has an airfoil profile with a chord extending between the leading
edge 18 and the trailing edge 120 of the first blade part 110. The width of the chord de-

creases with increasing distance rfrom the hub.

A shoulder 140 of the first blade part 110 is defined as the position, where the first
blade part 110 has its largest chord length. The shoulder 140 is typically provided at

the boundary between the transition region 132 and the airfoil region 134.

It should be noted that the chords of different sections of the blade normally do not lie
in a common plane, since the blade may be twisted and/or curved (i.e. pre-bent), thus
providing the chord plane with a correspondingly twisted and/or curved course, this be-
ing most often the case in order to compensate for the local velocity of the blade being

dependent on the radius from the hub.

Fig. 3 shows other geometric parameters of the first blade part 110. The outboard part
110 has atotal blade length Lo. As shown in Fig. 2, the root end is located at position r
=0, and the tip end located at r = Lo. The shoulder 140 of the blade is located at a po-
sition r = L, and has a shoulder width W2, which equals the chord length at the shoul-
der 140. The diameter of the root is defined as Do. Further, the blade is provided with a
prebend, which is defined as Ay, which corresponds to the out of plane deflection from

a pitch axis 122 of the first blade part 110.
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Figs. 4a-c show various views of a blade 10 according to the invention, where Fig. 4a
illustrates the blade 10, seen in perspective, Fig. 4b illustrates the blade seen from the
side towards the trailing edge of the blade, and Fig. 4c schematically shows the blade
seen in a top view above the suction side of the blade. The blade is assembled from an
inboard blade part 50 closest to a root end of the blade (or the hub of the wind turbine),
and an outboard part farthest from the root end. The outboard blade part comprises a
first blade part 110 as described in relation to Figs. 2 and 3. The inboard blade part
comprises a load carrying structure 60 in form of a beam with a first aerodynamic shell
70 fitted to the load carrying structure 60. In addition thereto, a second aerodynamic
shell part 148 is fitted to the transition region and the root region of the first blade part
110 in order to achieve a smooth transition between profiled contour of the first blade
part 110 and the profiled contour of the inboard blade part 50. The second aerody-
namic shell may be fitted to the trailing edge 120 of the first blade part 110 and in ex-
tension from the second shoulder 140. Overall, the inboard blade part 50, the first
blade part 110, and the second aerodynamic shell 148 provide a conventional design
with a tip end 16 and a root end 14, where the blade 10 comprises a profiled contour
including a pressure side and a suction side, as well as a leading edge 18 and a trailing
edge 20 with a chord having a chord length extending there between, the profiled con-
tour, when being impacted by an incident airflow, generating a lift. Similar to the first
blade part 110, the profiled contour of the blade 10 also comprises: a root region 30
having a substantially circular or elliptical profile closest to the hub, an airfoil region 34
having a lift-generating profile furthest away from the hub, and a transition region 32
between the root region 30 and the airfoil region 34, the transition region 32 having a
profile gradually changing in the radial direction from the circular or elliptical profile of
the root region to the lift-generating profile of the airfoil region. The blade 10 further
comprises a first shoulder 40 defining a maximum chord of the blade and having a first
shoulder width W 1. The first shoulder 40 is advantageously located at the boundary be-
tween the transition region 32 and the airfoil region 34. As can be seen from the figure,
the first shoulder 40 is located further inboard than the second shoulder 140, and the
first shoulder width W 1 is larger than the second shoulder width W2, and preferably at

least 10% larger than the second shoulder width W2.

Thus, it is seen that the blade may be assembled from a conventional blade 110 form-
ing at least part of the outboard blade part of the blade, and an inboard blade part 50 in
order to form a larger blade 10 having a conventional design optimised with respect to

aerodynamic performance and loads. Thereby, the inboard blade part 50 and the out-
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board blade part may be manufactured separately, meaning that individual moulds can
be smaller, which in turn means that the individual parts may be manufactured at
smaller factories. Further, the blade parts may be transported separately to the erection
site of the wind turbine, facilitating easier and cheaper transport of the blade. This also
opens up for the possibility of using already existing blades or blade designs and the
existing moulds for manufacturing the first blade part or outboard blade part of the
blade, which means that the investment for additional moulds and the inboard part will

be lower.

The blade 10 may have a blade section around the first shoulder 40, where the chord

length is substantially constant.

The length Lo of the outboard blade part and first blade part 110 is advantageously
around 60% to 70% of a total blade length L of the blade 10, e.g. around 65% for a
blade having a total blade length of 60-70 metres.

The blade 10 is advantageously divided between the outboard blade part and the in-
board blade part 50 and also advantageously provided with a pitch bearing provided
between the two parts, so that the outboard blade part may be pitched in relation to the
inboard blade part 50. Thereby, the blade comprises a root plane or hub plane 80 at
the root end 16 of the blade 10, and a pitch plane 90 in the interface between the in-
board blade part 50 and the outboard blade part. The blade may also comprise a pitch
bearing at the root end 16 of the blade 10 so that the entire blade may be pitched. A
centre, longitudinal axis 85 of the inboard blade part may be displaced from a pitch axis

95 of the outer blade part, alternatively the two axes may be coinciding.

In one embodiment, the root plane 80 and the pitch plane 90 cross each other in an
acute angle. If the acute angle is formed in the view seen in Fig. 4b, the angle may ad-
vantageously be formed so that the outboard blade part cones in relation to the inboard
blade part, thereby adding to the tip to tower clearance in addition to the prebending or
prestressing of the blade. The acute angle may advantageously lie in an interval be-

tween 1 and 5 degrees.

In an alternative embodiment, the second shell part 148 is integrally formed with the
first aerodynamic shell and is not connected to the first blade part 110. Such an em-

bodiment is shown in Fig. 5. In the illustrated embodiment, the hatched part forms an
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inboard blade part 50', which is connected to an outboard blade part 110" which corre-
sponds to the first blade part 110 of the first embodiment. If this embodiment is pro-
vided with a pitch bearing between the two parts, then only the outboard blade part
110" is pitched in relation to the inboard blade part 50'. Further, it is seen that a part of
the aerodynamic shell of the inboard blade part 50' protrudes beyond the pitch bearing

between the two parts.

Fig. 6 shows a cross section through the inboard blade part 50 along the line |-l of Fig.
4a. The inboard blade part 50 comprises a load carrying structure in form of circular
beam 60 made in glass-fibre reinforced polymer. A thin aerodynamic shell 70, also

made in glass-fibre reinforced polymer, is fitted to the load carrying structure 60.

Fig. 7 shows a cross section through the first blade part 110 along the line lI-ll of Fig.
4a. 1t is seen that the cross-section of the first blade part 110 is shaped like an airfoil
with a pressure side shell part 141 and a suction side shell part 142. The pressure side
shell part comprises a load carrying structure in form of a principle or main laminate
143 integrated into the pressure side shell part 141 . Similarly, the suction side shell
part 142 comprises a load carrying structure in form of a principle or main laminate 144
integrated into the suction side shell part 141 . The blade shells 141, 142 are made in
glass-fibre reinforced polymer, and the load carrying structures 143, 144 comprise a
large number of glass-fibre layers, e.g. 20-50 layers. Two shear webs 145 are con-
nected between the pressure side principal laminate 143 and suction side principle

laminate 144.

Basically, the blade design combines two schools of blade building, viz. the technology
of designing the load carrying structure as a spar or beam and then mounting a thin
aerodynamic shell to that spar and beam, and the technology of integrating the load
carrying structure in to the blade shell, e.g. in form of an integrated spar cap or princi-
pal laminate. This combined design has the advantage that the inboard part of the
blade, which has to carry the majority of the weight of the blade, is optimised with re-
spect to strength and taking up loads. At the same time, the outboard part, which
sweeps a larger area due to the larger distance from the centre of the rotor, is opti-
mised with respect to the aerodynamic shape and thus optimises the energy yield pro-
duced, since it is easier to control the aerodynamic shape during manufacture of the

blade by implementing the load carrying structure in the blade shell.
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The invention has been described with reference to a preferred embodiment. However,
the scope of the invention is not limited to the illustrated embodiment, and alterations
and modifications may be carried out without deviating from the scope of the invention,

which is defined by the following claims.

List of reference numerals

2 wind turbine

4 tower

6 nacelle

8 hub

10 blade

14 blade tip

16 blade root

18 leading edge

20 trailing edge

30 root region

32 transition region

34 airfoil region

50 inboard blade part

60 load carrying beam structure
70 first aerodynamic shell

72 blunt trailing edge

80 hub plane / root plane

85 centre longitudinal axis

90 pitch plane

95 pitch axis of outer blade part
110 first blade part of outboard blade part
118 leading edge

120 trailing edge

122 pitch axis

130 root region

132 transition region

134 airfoil region

141 pressure side shell

142 pressure side principal laminate / main laminate
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suction side shell

suction side principal laminate / main laminate
shear webs

second shell part

blade length

shoulder width of blade

shoulder width of outboard blade part

prebend
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Claims

1. A blade (10) for a rotor of a wind turbine (2) having a substantially horizontal rotor
shaft, said rotor comprising a hub (8), from which the blade (10) extends substantially
in a radial direction when mounted to the hub (8), the blade having a longitudinal direc-
tion (r) with a tip end (16) and a root end (14) and a transverse direction as well as hav-
ing a blade length (L), the blade further comprising:

- a profiled contour including a pressure side and a suction side, as well as a lead-
ing edge (18) and a trailing edge (20) with a chord having a chord length (c) extending
there between, the profiled contour, when being impacted by an incident airflow, gen-
erating a lift, wherein the profiled contour comprises:

- a root region (30) having a substantially circular or elliptical profile closest to
the hub, and

- an airfoil region (34) having a lift-generating profile furthest away from the
hub,

- the blade further comprising a first shoulder (40) defining a maximum chord of
the blade and having a first shoulder width (W1), and wherein

- the blade is assembled from an inboard blade part closest to the hub and an
outboard blade part farthest from the hub, characterised in that
the outboard blade part includes a first blade part (110) comprising:

- a profiled contour including a pressure side and a suction side, as well as a lead-
ing edge (118) and a trailing edge (120) with a chord extending there between, wherein
the profiled contour of the outboard blade part is divided into:

- a root region (130) having a substantially circular or elliptical profile closest to
the hub,

- an airfoil region (134) having a lift-generating profile furthest away from the
hub, and

- a transition region (132) between the root region (130) and the airfoil region
(134), the transition region (132) having a profile gradually changing in the radial direc-
tion from the circular or elliptical profile of the root region to the lift-generating profile of
the airfoil region, and with

- a second shoulder (140) defining a maximum chord of the first blade part
(110) and having a second shoulder width (W2) located at the boundary between the
transition region (132) and the airfoil region (134), wherein

- the first shoulder (40) is located nearer to the hub than the second shoulder

(140), and wherein
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- the first shoulder width (W1) is larger than the second shoulder width (W2).

2. A blade according to claim 1, wherein the blade comprises a transition region (32)
between the root region (30) and the airfoil region (34), the transition region (32) having
a profile gradually changing in the radial direction from the circular or elliptical profile of
the root region to the lift-generating profile of the airfoil region, and where the first
shoulder (40) is located at the boundary between the transition region (32) and the air-

foil region (34).

3. A blade according to claim 1 or 2, wherein the chord length is continuously in-

creasing from the tip end to the position of the first shoulder.

4. A blade according to any of the preceding claims, wherein the first shoulder is lo-

cated at the inboard blade part of the blade.

5. A blade according to any of the preceding claims, wherein the inboard blade part
comprises a load carrying structure and a first aerodynamic shell fitted to the load car-

rying structure.

6. A blade according to claim 5, wherein the load carrying structure of the inboard
blade part comprises a substantially circular cross section, such as being formed as a

cylinder.

7. A blade according to any of the preceding claims, wherein the outboard blade part
comprises a second aerodynamic shell fitted to the transition region and the root region

of the first blade part.

8. A blade according to claim 7, wherein the second aerodynamic shell is fitted to the

trailing edge of the blade and in extension from the second shoulder.

9. A blade according to any of the preceding claims, wherein the inboard blade part

comprises a blunt trailing edge.

10. A blade according to any of the preceding claims, wherein the outboard blade part

is pitchable in relation to the inboard blade part.
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11. A blade according to one of the preceding claims, wherein a profiled contour of
the inboard blade part substantially flushes with a profiled contour of the outboard

blade part in a zero pitch position of the blade.

12. A blade according to any of the preceding claims, wherein the outboard blade part

is prebent in a flapwise direction.

13. A blade according to any of the preceding claims, wherein a length of the out-
board part is between 60% and 85% of the length (L) of the blade, advantageously be-
tween 60% and 80%, more advantageously 65% to 80%, and even more advanta-

geously 65% to 75%.

14. A wind turbine comprising a number, preferably two or three, of blades according
to any of the preceding claims, the blades extending substantially radially from a hub
on a main shaft having a substantially horizontal centre axis, the blades together with

the hub constituting a rotor with a rotor plane.

15. A method of manufacturing a blade, wherein the method comprises the steps of:

a) manufacturing a first blade part (110) having a profiled contour including a
pressure side and a suction side, as well as a leading edge (118) and a trailing edge
(120) with a chord extending there between, wherein the profiled contour of the out-
board blade part is divided into a root region (30) having a substantially circular or ellip-
tical profile closest to the hub, an airfoil region (34) having a lift-generating profile fur-
thest away from the hub, and a transition region (32) between the root region (30) and
the airfoil region (34), the transition region (32) having a profile gradually changing in
the radial direction from the circular or elliptical profile of the root region to the lift-
generating profile of the airfoil region, and with a second shoulder (40) having a second
shoulder width (W2) and located at the boundary between the transition region (32)
and the airfoil region (34),

b) manufacturing an inboard blade part, and

¢) connecting the first blade part to the inboard blade part so as to form the blade
having an overall blade profile with a profiled contour including a pressure side and a
suction side, as well as a leading edge (18) and a trailing edge (20) with a chord having
a chord length (c) extending there between, the profiled contour, when being impacted
by an incident airflow, generating a lift, wherein the profiled contour comprises: a root

region (30) having a substantially circular or elliptical profile closest to the hub, and an
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airfoil region (34) having a lift-generating profile furthest away from the hub, the blade
further comprising a first shoulder (40) defining a maximum chord of the blade and hav-
ing a first shoulder width (W1), wherein
- the first shoulder (40) is located nearer a root end of the blade (10) than the sec-
5 ond shoulder (140), and wherein
- the first shoulder width (W1) is larger than the second shoulder width (W2).
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