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(57) Abstract: A blade (1) for a rotor of a wind turbine having a substantially horizontal' rotor shaft, said rotor comprising a hub,
& from which the blade extends substantially radially from said rotor when mounted. The blade (1) has a chord plane (K) extending
& between the leading edge (5) and the trailing edge (S) of the blade (1) . The blade (1) comprises a root area (2) closest to the hub, an
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root segment (8) along substantially the entire root area (2) , said segments being arranged with a mutual distance, as seen transverse
to the chord plane (K) . At least one of the root segments (7, 8) has an airfoil profile.
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Title: Blade for a wind turbine rotor

Technical Field

The present invention relates to a blade for a rotor of a wind turbine having a substan-

tially horizontal rotor shaft, said rotor comprising a hub, from which the blade extends
substantially radially when mounted, said blade comprising a chord plane extending
between the leading edge and the trailing edge of said blade, and said blade compris-
ing a root area closest to the hub, an airfoil area furthest away from the hub and a tran-
sition area between the root area and the airfoil area, and said blade comprising a sin-
gle airfoil along substantially the entire airfoil area.

Backaround Art
Ideally, a blade of the airfoil type is shaped like a typical aeroplane wing, where the

chord plane width of the blade as well as the first derivative thereof increase continu-
ously 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 hav-
ing to mount the blade to the hub, and, moreover, this causes great loads when the
blade is mounted, such as storm loads, due to the large surface area of the blade.

Therefore, over the years, the construction of blades has developed towards a shape,
where the blade consists of a root area closest to the hub, an airfoil area furthest away
from the hub and a transition area between the root area and the airfoil area. The airfoil
area has an ideal or almost ideal blade shape, whereas the root area has a substan-
tially circular cross-section, which reduces the storm loads and makes it easier and
more safe to mount the blade to the hub. The root area diameter is preferably constant
along the entire root area. Due to the circular cross-section, the root area does not con-
tribute to the production of the wind turbine and, in fact, lowers the production a little
because of wind resistance. As is suggested by the name, the transition area has a
shape gradually changing from the circular shape of the root area to the airfoil profile of
the airfoil area. Typically, the width of the transition area increases substantially linearly
with increasing distance from the hub.

It is well known from the aeroplane industry that aeroplanes built with two wings, so
called biplanes, can normally lift more than an aeroplane with only one wing. This al-
lows for an increase of the total lift of the wings of the aeroplane without increasing the
width of the wings.
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This principle is also know in connection with blades for wind turbines, i.a. by manufac-
turing wind turbines with two or more rotors. CA 2 395 612 describes a wind turbine
with two co-axial rotors where one rotor rotates faster than the second. GB 758 628
describes a wind turbine with two co-axial rotors rotating in opposite directions.

WO 98/31934 discloses a blade designed like with a biplane. The blade is constructed
by means of two parallel spars mutually connected by means of cross braces. Two
streamlined elements are fixed on each spar, said elements comprising a leading edge

and a trailing edges, respectively, together providing an airfoil.
US 5161952 discloses a biplane construction for wind turbine rotors. The wind turbine
is designed so that two straight blades are connected with the hub of the rotor at a dis-

tance from each other. The tips of the two blades are interconnected.

Disclosure of Invention

The object of the invention is to provide a new and improved blade construction.

According to the invention, this object is achieved by the blade comprising at least a
first root segment and a second root segment along substantially the entire root area,
said segments being arranged with é mutual distance transverse to the chord plane,
and by at least one of the root segments having an airfoil profile. In this way, the root
segment having the airfoil profile contributes to the production of the wind turbine.

According to a preferred embodiment of the blade according to the invention, the chord
plane of the blade is twisted in the longitudinal direction of the blade, where the twist
may be up to 80 degrees in the longitudinal direction of the blade. Typically, the twist is
between 60 and 70 degrees. Usually, the first derivative of the twist increases with de-
creasing distance to the hub, which means, that the twist of the chord plane K1 in the
root area 2 preferably is comparatively high.

According to a preferred embodiment of the invention, the chord plane of at least the
one root segment with airfoil profile is substantially parallel to the chord plane of the
blade itself in the area closest to the hub. Preferably, the chord plane of the blade is
twisted in the longitudinal direction of the blade in order to compensate for the increase
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in local velocity of the blade with increasing distance from the hub, which means that
the blade "sees" the wind direction differently depending on the radius from the hub.
This means that in this embodiment, the course of the chord plane in the longitudinal
direction of the root area is a continuation of the course of the chord plane in the longi-

tudinal direction of the airfoil area and/or the transition area.

According to a particular embodiment of the invention, both the first and the second
root segment are provided with airfoil profiles. In this way, both root segments contrib-
ute to the production of the wind turbine and may be designed such that the total con-
tribution from the two segments corresponds to the contribution of the wide portion of
the ideal blade.

According to a preferred embodiment, the chord plane of the at least one root segment
with airfoil profile has a substantially constant width, the chord plane of the transition
area becoming wider with increasing distance from the hub, and the chord plane of the
airfoil area becoming narrower with increasing distance from the hub. Thus, the blade
according to the invention has a shape corresponding to conventional blades, so that
existing moulds for blades may be modified in a comparatively simple way in order be

able to manufacture the new types of blades.

According to a particular embodiment, the transition area comprises at least a first
transition segment and a second transition segment, said segments being arranged
with a mutual distance, as seen transverse to the chord plane, where at least one of
the transition segments is provided with an airfoil profile. Preferably, the chord plane of
the at least one transition segment with airfoil profile is substantially parallel to the
chord plane of the blade itself at the transition between the transition area and the air-
foil area, and preferably, both transition segments are provided with airfoil profiles.

Typically, the total length of the root area and the transition area is between 5 % and
35 % of the total length of the blade, and often between 5 % and 25 % of the total
length of the blade or even between 5 % and 15 % of the total length of the blade.

According to a preferred embodiment of the invention, the first and the second root
segment are joined at the portion of the transition area closest to the hub. In this way,
the transition area may have a shape corresponding to a conventional blade, while only
the root area has a dual profile.
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According to another embodiment of the blade, the first and the second root segment
merge into the first and the second transition segment, where the first and the second
transition segment are joined with the portion of the transition area furthest away from
the hub. In this way, the transition area also has a dual structure and thus a potentially
greater lift.

According to a preferred embodiment, the first and the second root segment are joined
to form a common mounting area at the portion of the root area closest to the hub.
Preferably, this mounting area has a substantially circular cross-section. In this way,
the blade according to the invention may have a mounting flange corresponding to

conventional blades so that these new blades fit into existing hubs.

According to a preferred embodiment, the blade is made up of a shell body made of a
polymer material reinforced with glass fibres or carbon fibres. Preferably, the blade is

designed as a single whole shell body.

Alternatively, the at least one root segment with airfoil profile may have a separately
mounted segment. This embodiment is advantageous in that said segments may be
used for existing wind turbines without having to exchange the blades, e.g. by mount-
ing segments to the root part of already installed blades. It is also apparent that not all
root segments are necessarily secured to the hub.

Brief Description of the Drawing

The invention is explained in detail below with reference to the drawing, in which

Fig. 1 shows a top view of an ideal blade of the airfoil type,

Fig. 2 shows a perspective view of a conventional blade of the airfoil type, and

Fig. 3-9 show different embodiments of the blade according to the invention.



10

15

20

25

30

35

WO 2007/045244 PCT/DK2006/000582

5

Best Modes for Carrying out the Invention

Fig. 1 shows an embodiment of an ideal blade 20 of the airfoil type. The blade is pro-
vided with a root part 21 adapted to be secured to a hub of a wind turbine. The ideal
blade 20 is designed such that the width of the blade 20 decreases with increasing dis-
tance L from the hub. Moreover, the first derivative of the width of the blade 20 also de-
creases with increasing distance from the hub 20, which means that, ideally, the
blade 20 is very wide at the root area 21. This causes problems with respect to secur-
ing the blade 20 to the hub. Moreover, when mounted, the blade 20 impacts the hub
with large storm loads because of the large surface area of the blade 20.

Therefore, over the years, the construction of blades has developed towards a shape,
where the outer part of the blade corresponds to the ideal blade 20, whereas the sur-
face area of the root area is substantially reduced compared to the ideal blade. This
embodiment is illustrated with a dashed line in Fig. 1, a perspective view thereof being
shown in Fig. 2.

As seen from Fig. 2, the conventional blade 1 comprises a root area 2 closest to the
hub, an airfoil area 4 furthest away from the hub and a transition area 3 between the
root area 2 and the airfoil area 4. The blade 1 comprises a leading edge 5 facing the
direction of rotation of the blade 1, when the blade is mounted on the hub, and a trailing
edge 6 facing in the opposite direction to the leading edge 5. The airfoil area 4 has an
ideal or almost ideal blade shape, whereas the root area 2 has a substantially circular
cross-section, which reduces storm loads and makes it easier and more safe to mount
the blade 1 to the hub. Preferably, the diameter of the root area 2 is constant along the
entire root area 2. The transition area 3 has a shape gradually changing from the circu-
lar shape of the root area 2 to the airfoil profile of the airfoil area 4. The width of the
transition area 3 increases substantially linearly with increasing distance L from the
hub.

The airfoil area 4 has an airfoil profile with a chord plane K extending between the lead-
ing edge 5 and the trailing edge 6 of the blade 1. The width of the chord plane de-
creases with increasing distance L from the hub. It should be noted that the chord
plane does not necessarily run straight over its entire extent, since the blade may be
twisted and/or curved, thus providing the chord plane with a correspondingly twisted



10

15

20

25

30

35

WO 2007/045244 PCT/DK2006/000582

6

and/or curved course, this being most often the case in order to compensate for the lo-

cal velocity of the blade being dependent on the radius from the hub.

Due to the circular cross-section, the root area 2 does not contribute to the production
of the wind turbine and, in fact, lowers the production a little because of wind resis-
tance. The idea behind the invention is therefore to divide the root area 2 and optionally
also the transition area 3 into two or more segments, where at least one of these seg-
ments has a profile providing lift to this part of the blade 1 and thus contributing to the
production of the wind turbine.

Fig. 3A shows a first embodiment of a blade according to the invention, where the
blade is seen towards the leading edge 5, while Fig. 3B shows a section along the
line BB and Fig. 3C shows a section along the line CC of Fig. 3A, where section CC is
situated at the transition between the root area 2 and the transition area 3. According to
this embodiment, the root area 2 is divided into a first root segment 7 and a second
root segment 8, and the transition area 3 is divided into a first transition segment 9 and
a second transition segment 10. The two transition segments 9 and 10 are joined at the
transition between the transition area 3 and the airfoil area 4. As a result, there is a
gap 17 between the segments. Additionally, the segments may be mutually connected
by means of stiffening means arranged in the space 17 between the segments. These
stiffening means may for example be provided as a grid construction of e.g. steel and
may further be provided with for example a so-called drag reduction profile, where the
cross-section of the profile has a symmetrical drop shape. In this way, the wind resis-

tance of the stiffening means is reduced, and noise immissions may be lowered.

Fig. 3B shows the mounting area of the blade. The profiles of the blade segments in
this area are formed such that they lie within a corresponding conventional blade with
circular root part (shown with the dashed line 12). The first root segment 7 is provided
with an airfoil profile in the mounting area comprising a chord plane K1, while the sec-
ond root segment 8 is provided with a profile reducing the wind resistance of the seg-
ment, without necessarily contributing to the production of the wind turbine. The first,
root segment 7 merges into the first transition segment 9 also provided with an airfoil
profile comprising a chord plane K3. The second root segment 8 merges into the sec-
ond transition segment 10 and changes gradually from a profile with reduced wind re-
sistance at the mounting area to an actual airfoil profile comprising a chord plane K4 at
the second transition segment 10. The chord plane K of the blade is usually twisted
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along the longitudinal direction of the blade to compensate for the local velocity of the
blade. Therefore, the course of the chord planes K1, K3, and K4 are a continuation of
the course of the chord plane K of the blade in the airfoil area 4.

The chord plane K of the blade may be twisted as much as 75-80 degrees in the longi-
tudinal direction of the blade, but typically between 60 and 70 degrees. Usually, the first
derivative of the twist increases with decreasing distance to the hub, which means that

the twist of the chord plane K1 in the root area 2 is preferably comparatively high.

The first root segment 7 and the second root segment 8 are provided with a number of
mounting holes 11 in the mounting area. These holes 11 have the same position as in
a conventional blade with circular root part 12. Thus, the new blade according to the in-
vention may be mounted on conventional hubs and thus replace existing blades during

a renewal in a simple manner.

Figs. 4 and 5 show a second and third embodiment of the invention, respectively, and
which are modifications of the embodiment shown in Fig. 3. Therefore, only the differ-
ences are discussed here. In the second embodiment shown in Fig. 4 the second root
segment 8' is also provided with an airfoil profile comprising a chord plane K2 at the
mounting area. Furthermore, the profile of the root segment 8" extends beyond the
conventional circular profile of the root part 12, as is apparent in Fig. 4B. The figure

also shows that the chord planes of the two segments may be mutually angled.

According to the third embodiment shown in Fig. 5, the first and the second root seg-
ments 72, 82 as well as the first and the second transition segments 9%, 10% have sym-
metric profiles. The profiles are shown with the chord planes parallel to the direction of
rotation of the blade, however, the profiles may preferably be angled with respect to the

direction of rotation, where the angle is selected based on maximising the lift.

As seen from Fig. 5B, both the first root segment 72 and the second root segment 82
extend beyond the circular profile of the conventional root part 12. Finally, it should be
noted that the root segments of the embodiment shown in Fig. 4 and 5 as well as the
embodiment shown in Fig. 3 each merge into a corresponding transition segment (9%
9%, 10, 10°%), said segments joining to form a common profile at the transition between
the transition area 3 and the airfoil area 4.
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Fig. 6 shows a fourth embodiment of the blade, where the first root segment 7° and the
second root segment 8% are joined at the mounting area 22. As seen in Fig. 6B, the
mounting area 22 is circular and contains mounting holes 11, the blades being secured
to the hub by bolts through said holes. The blade is thus adapted to conventional hubs
and can thus replace existing blades on already installed wind turbines during a re-
newal.

Fig. 7 shows a fifth embodiment of the blade, where the first root segment 7* and the
second root segment 8* are joined at the mounting area 22, but where the two seg-
ments are not joint at a distance to the hub, but instead appear as two separate blade
parts with different lengths. It is also apparent from Fig. 7 that the various root seg-

ments do not necessarily have the same thickness.

Fig. 8 shows a sixth embodiment of the blade, where a first, a second and a third root
segment 7°, 8%, 13 merge into a first, a second and a third transition segment 9°, 10°,
14, respectively. The first and the second root segments 7°, 8° as well as the first and
the second transition segments 9°, 10° are here shown with a shape reducing the wind
resistance of these segments, while the third root segment 13 and the third transition
segment 14 are provided with an actual airfoil profile. However, the profiles may all be
provided with profiles increasing the lift of the corresponding areas and thereby also
the production of the wind turbine. Of course, the three root segments 7°, 8°, 13 may

be joined at the mounting area just like the embodiment shown in Fig. 6 and 7.

Fig. 9 shows an embodiment corresponding to the embodiment of Fig. 6, but where the
blade is additionally provided with a first separately mounted blade part 15 and a sec-
ond separately mounted blade part 16. The separately mounted blade parts 15, 16 are
mounted on the first and the second root segment 7%, 8°, respectively, by means of a
number of retaining means 18. The blade parts 15 and 16 extend along the root area 2
and optionally also along the transition area 3 of the blade. The blade itself does not
necessarily have to have two root segments and/or transition segments, but may have
a form where there is no gap 17, no root segments and/or transition segments, in which
case the root area and the transition area of the blade correspond to a conventional
blade. This embodiment is advantageous in that the separately mounted blade
parts 15, 16 may be mounted without having to exchange the blades on already in-
stalled wind turbines. The retaining means may be formed with e.g. a drag reduction
profile for lowering wind resistance and noise immissions.
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The invention has been described with reference to preferfed embodiments. Many

modifications are conceivable without thereby deviating from the scope of the inven-

tion. Modifications and variations apparent to those skilled in the art are considered to

fall within the scope of the present invention. For example, the embodiment shown in

Fig. 9 may have only a single separately mounted blade part. Embodiments are also

conceivable where the various segments have a separate blade angle regulation.

Reference numeral list
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Claims

1. Blade (1) for a rotor of a wind turbine having a substantially horizontal rotor shaft,
said rotor comprising a hub, from which the blade (1) extends substantially radially
when mounted, said blade (1) comprising a chord plane (K) extending between the
leading edge (5) and the trailing edge (8) of said blade, and said blade (1) comprising a
root area (2) closest to the hub, an airfoil area (4) furthest away from the hub and a
transition area (3) between the root area (2) and the airfoil area (4), and said blade (1)
comprising a single airfoil substantially along the entire airfoil area (4), characterized
in that the blade (1) comprises at least a first root segment (7) and a second root seg-
ment (8) along substantially the entire root area (2), said segments being arranged with
a mutual distance transverse to the chord plane (K), and that at least one of the root

segments (7, 8) has an airfoil profile.

2. Blade (1) according to claim 1, characterized in that the chord plane (K) of the
blade is twisted in the longitudinal direction (L) of the blade, where the twist may be up
to 80 degrees in the longitudinal direction (L) of the blade.

3. Blade (1) according to claim 1 or 2, characterized in that the chord plane (K1,
K2) of the at least one root segment (7, 8) with airfoil profile is substantially parallel to
the chord plane (K) of the blade itself in the area closest to the hub.

4. Blade (1) according to any of the preceding claims, characterized in that both
the first and the second segments (7, 8) are provided with airfoil profiles.

5. Blade (1) according to any of the preceding claims, characterized in that the
chord plane (K1, K2) of the at least one root segment (7, 8) with airfoil profile has a
substantially constant width, the chord plane (K3, K4) of the transition area (3) becom-
ing wider with increasing distance (L) from the hub, and the chord plane (K) of the air-

foil area (4) becoming narrower with increasing distance from the hub.

6. Blade (1) according to any of the preceding claims, characterized in that the
transition area (3) comprises at least a first transition segment (9) and a second transi-
tion segment (10), said segments being arranged with a mutual distance, as seen
transverse to the chord plane (K), where at least one of the transition segments (9, 10)
is provided with an airfoil profile.
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7. Blade (1) according to claim 6, characterized in that the chord plane (K1, K2) of
the at least one transition segment (9, 10) with airfoil profile is substantially parallel to
the chord plane (K) of the blade itself at the transition between the transition area (3)
and the airfoil area (4).

8. Blade (1) according to any of claims 1-5, characterized in that the first and the
second root segment (7, 8) are joined at the portion of the transition area (3) closest to
the hub.

9. Blade (1) according to claim 6 or 7, characterized in that the first and the second
root segment (7, 8) merge into the first and the second transition segment (9, 10),
where the first and the second transition segment (9, 10) are joined with the portion of
the transition area (3) furthest away from the hub.

10. Blade (1) according to any of the preceding claims, characterized in that the first
and the second root segment (7, 8) are joined to form a common mounting area at the
portion of the root area (2), said area preferably having a substantially circular cross-
section.

11. Blade (1) according to any of the preceding claims, characterized in that the at
least one root segment (7, 8) with airfoil profile is a separately mounted segment (15,
16).
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