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BLADE-HUB FOR A WIND TURBINE

The present invention relates to a blade-hub for a wind turbine, where the design of the

blade-hub results in significant stress reduction and reduced deformations.
BACKGROUND FOR THE INVENTION

The development in the wind energy industry has led to the manufacturing of larger wind
energy conversion systems. One of the results of this is that the wind turbine blades
become longer and heavier, and stronger and larger blade-hubs are therefore needed.

For smaller wind turbines, welded constructions have been used for blade-hubs. However,
in order to obtain stronger blade-hubs for larger wind turbines, they are generally
designed as a hollow body defined between two spheres, an inner and an outer sphere,
often with their centres slightly displaced to get the optimal distribution of the stress
introduced in the blade-hub by the turbine blades. The blade-hub is designed as a hollow
body construction to reduce the weight of it and to optimise the strength thereof.

Turbine blades are attached to the blade-hub via flanges and bearings to allow for pitching
of the blades. In order to reduce weight and to be able to attach the blades and tighten
the bearing bolts, the flanges are designed with an opening within each of them.
Furthermore, this opening is used to provide access for pitching means for pitching the
turbine blades. Due to the openings in the blade-hub the area between these openings is
small and therefore large stress concentrations may occur in the material in this area

during operation of the wind turbine, and deformations may arise as consequence thereof.

The area between the openings may be enlarged and the stress thus lowered by increasing
the diameter of the blade-hub as the dimensions of the turbine blades are increased.
However, the costs of manufacture of the larger structure increases more than
proportional with the size, in particular for cast-iron structures, and the greater weight
causes the problems discussed above. Another solution is to use blade-hubs with larger
material thickness. This will however have the negative side effect of increasing the weight

of the blade-hub and tests have shown that the problems are not solved satisfactory.
Thus, the object of the present invention is to provide a blade-hub design for larger wind

turbines, in which the stresses during operation are kept at an acceptable level without
increasing the weight of the blade-hub excessively.

CONFIRMATION COPY
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This objective is met by the present invention according to which rib-stiffeners are added
to the hollow body blade-hub flanges substantially in the plane of the flanges to provide a

larger area for the stresses and thus prevent excessive stress concentrations.

Furthermore, the design of providing the rib-stiffeners substantially in the plane of the
flanges increases the stiffness of these flanges and prevents deformation of the flanges,
thus preventing deformation of the blade bearings attached to the flange. A deformation of
the bearings is disadvantageous and results in an excessive wear of the bearing and
lowering of the durability of the bearings.

BRIEF DESCRIPTION OF THE INVENTION

The present invention relates to a blade-hub for a wind turbine, where the blade-hub is a
hollow body having blade flanges for the attachment of wind turbine blades. For each of
the flanges a rib-stiffener is extending substantially in the plane of the flange, so as to
increase the area affected by stresses and thus preventing stress concentration as well as
to gain stiffness of the blade-hub in the planes of the flanges, thus preventing deformation
of the flanges and the bearings attached thereto.

In a preferred embodiment the area of the rib-stiffener in the plane of the flange is within
the range of 30 to 80% of the cross-sectional area of the wind turbine blade root,

preferably in the range of 40-60% of the cross-sectional area.

The outer shape of the hollow body blade-hub is generally defined by revolution of a
smooth curve. Said curve may be substantially normal to the axis of rotation at the
intersections of the two at the front end of the blade-hub and/or at the back end of the
blade-hub. By a smooth curve is understood a curve having a substantially continuous
derivative. This design ensures optimal distribution of stress introduced in the blade-hub
by preventing stress concentrations at sharp bends. However, the shape is only generally
defined by the curve revolution and the blade-hub may comprise smaller projection e.g.
for the fastening of turbine blades to the hub.

The hollow body may have an opening defined within each of said blade flanges, in which
case it is preferred that the rib-stiffeners extend inwardly of the openings of the blade
flanges. Alternatively, the rib-stiffeners may extend outwardly from the flanges. A pitching
hole may be formed in each of the rib-stiffeners to provide access for a drive means for
pitching the turbine blade, such as a toothed wheel attached to the drive shaft of an
electric motor and engaging a toothed rim of the part of the bearing attached to the blade
root. Furthermore, holes may advantageously be formed in each of the rib-stiffeners to
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provide access to tightening wind turbine blade bearing bolts, which are connecting the

bearings to the turbine blades.

In one embodiment the blade-hub and the rib-stiffeners are integrally formed using e.g.
composite materials or ceramics, however in a preferred embodiment they are cast in one

piece e.g. from cast iron.

When the above described blade-hub is used in a wind turbine, the rib-stiffeners should be
designed such that the resulting stiffness of the blade-hub will prevent deformations of the
diameter of the flanges exceeding a 1% change of diameter under operation of the wind
turbine, preferably preventing deformations exceeding a 0.5% change, and most preferred
preventing deformations exceeding a 0.1-0.2% change.

According to a second aspect of the present invention, a blade-hub may also be part of a
wind turbine blade-hub assembly comprising a hollow body blade-hub and a hollow body
main shaft and also comprising adaptation means for a wind turbine main bearing
encircling the main shaft. The hollow body blade-hub and the hollow body main shaft being
integrally formed or cast in one piece to reduce the number of components. Furthermore,
the lack of interface between these two main parts also gives the possibility of reducing
the weight due to the reduction of stress introduced in the blade-hub assembly.

In a preferred embodiment the main shaft of the blade-hub assembly extends at least 50%
in the orientation of the axis of rotation compared to the size of the blade-hub to ensure
optimal operating conditions.

In one embodiment the adaptation means for the main bearing is positioned at the main
shaft of the blade-hub assembly at a distance of 20 to 250 cm from the blade-hub,

preferable 30-80 cm, also ensuring optimal operating conditions.

The design of the blade-hub may be as the above described hollow body blade-hub with
integrated rib-stiffeners, making it possible to combine the new design of the blade-hub
with the blade-hub assembly.
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BRIEF DESCRIPTION OF THE FIGURES
Embodiments of the present invention are shown in the accompanying drawings, of which

Fig. 1 is a perspective view of a blade-hub according to a first aspect embodiment of the

present invention, with rib-stiffeners according to the invention provided

Fig. 2 is a cross-section of a detail of the blade-hub according to the invention as shown in
Fig. 1 and a bearing and a wind turbine blade attached thereto, and

Fig. 3 is a perspective view of a second aspect embodiment of the blade-hub and main

shaft assembly according to the present invention.
DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 shows a hollow body blade-hub 1 with blade flanges 2 and integrated rib-stiffeners
3. 1. The figure shows blade flanges 2 for the attachment of three turbine blades and
shows the main shaft flange 4 for the attachment of the hub to the main shaft. Rib-
stiffeners 3 are added to the flanges 2, said rib-stiffeners 3 extending inwardly of the
flanges 2. In each of the rib-stiffeners 3 an opening 5 is formed for the provision of a pitch
motor. Furthermore, holes 6 have been formed between the flange 2 and the rib-stiffener

3 for providing access to tightening the bearing bolts of the turbine blades.

Fig.2 shows in cross-section a detail of the hollow body blade-hub 1. The turbine blade 7 is
attached to the blade-hub 1 by means of bearing bolts 9. The rib-stiffener 3 is extending
inwardly of the flange 2. Furthermore, the bearing 8 and the bearing bolts 9 for the
attachment of the turbine blade 7 to the blade-hub 1 can also be seen. The rib-stiffeners
extend inwardly to an extend so that the area of the rib-stiffeners 3 cover a large portion
of an opening 10 in the hub, said opening 10 being delimited by the blade flange 2. The
rib-stiffeners cover in the range of 30-80% of the entire area of the opening 10, preferably
in the range of 40-60% of the area of the opening 10. The thickness of the rib-stiffeners
may be in the range of 5-100 mm, possibly in the range of 10-50 mm. The thickness of
the rib-stiffeners 3 very much depend on the size of the blade-hub 1 and the desired
stiffness of the blade-hub 2 in comparison with the design and the dimensioning of the
different parts of the blade-hub 2.

The extension of the rib-stiffeners 3 of course has an effect on the stiffness obtained of the
entire hollow body 1. However, the rib-stiffeners should not cover too much of the area of
the opening 10, because access should still be possible to the interior of the blades, when
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being mounted to the flange 2 along the bearing 8. Therefore, a balancing between the
stiffening effect of the rib-stiffeners and the limited accessibility to the interior of the
blades must be made, when designing how much of the area of the opening 10 that the
rib-stiffeners 3 should cover. The demand for accessibility is also prevailing, when taking
the holes 6 in view. These holes 6 are just the point of obtaining accessibility to the
tightening the bearing bolts 9.

The rib-stiffeners 3 are provided for obtaining a reduction of the deformations of the hub 1
during operation of the wind turbine. Preferably, the rib-stiffeners 3 should result in an
decrease in deformation of the blade-hub preventing deformation of the diameter of the
flanges exceeding a 1% change of diameter under operation of the wind turbine,
preferably preventing deformations exceeding a 0.5% change, and most preferred
preventing deformations exceeding a 0.1-0.2% change.

In the figure shown, the flange 2 and the rib-stiffener 3 is shown as one and the same
member. Preferably, the flange and the rib-stiffeners are integrally formed, perhaps by
being cast in one piece. Provision of hole 5 for the pitch motor and holes for accessibility to
the bearing bolts are made after casting. However, it will be possible to join together a
separate hub with separate rib-stiffeners, said joining preferably being made by welding.
Due to the stresses and tension occurring in the hub during operation, there may however
be a risk of crack formation leading to the rib-stiffeners not providing the proper stiffening,
and in worst cases resulting in the rib-stiffeners being detached from the flange.

Fig. 3 shows an integrated hollow body blade-hub 1 and hollow body main shaft 11. The
integration of the blade-hub and of the main shaft constitutes a second aspect of the
invention, primarily differing from the first aspect in the integration of the two wind turbine
parts. The figure shows flanges 2 for the attachment of three turbine blades. Rib-stiffeners
can be added to the flanges 2 extending inwardly of the flanges 2. This is not shown at the
figure. The rib-stiffeners may be integrate with the blade-hub and the main shaft.
Alternatively, the rib-stiffeners may be added to the blade-hub by welding or other means
of joining a separate rib-stiffeners with the flanges 2 of the blade-hub. The above
considerations as mentioned with reference to fig. 1 must also be taken into consideration

in the second aspect of the invention

The main shaft 11 has adaptation means 12 for a wind turbine main bearing encircling the
shaft 11. The adaptation means may be provided at different distances from the blade hub
depending on the desired and obtainable stiffness of the integrated main shaft and blade-
hub. Preferably, the adaptation means is positioned at the main shaft at a distance of 20 to
250 cm from the blade-hub, preferable at a distance of 30-80 cm from the blade-hub.
Furthermore, because the main shaft constitutes an integrate part together with the blade-
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hub, the main shaft contributes to the stiffness of the blade-hub. Accordingly, preferably
the main shaft extends at least 50% in the orientation of the axis of rotation compared to
the circumferential size of the blade-hub seen in a plane perpendicular to the longitudinal

direction of the main shaft.
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CLAIMS

1. A wind turbine blade-hub comprising a hollow body having blade flanges for the
attachment of wind turbine blades, and for each of said flanges a rib-stiffener extending

substantially in the plane of an opening delimited by the flange.

2. A blade-hub according to claim 1, wherein the area of the rib-stiffener in the plane of
the flange is within the range of 30-80% of the cross-sectional area of the opening in the

flange, preferably 40-60% of the cross-sectional area.

3. A blade-hub according to claim 1 or 2, wherein the outer shape of the hollow body is
generally defined by revolution of a smooth curve.

4. A blade-hub according to claim 3, wherein said curve is substantially normal to the axis
of rotation at the intersections of the two at a front end of the blade-hub.

5. A blade-hub according to claim 3 or 4, wherein said curve is substantially normal to the
axis of rotation at the intersections of the two at a back end of the blade-hub.

6. A blade-hub according to any of claims 1-5, wherein the hollow body has an opening
defined within each of said blade flanges, and the rib-stiffeners extend inwardly of said
openings of the blade flanges.

7. A blade-hub according to claim 6, wherein a pitching hole is formed in each of the rib-
stiffeners, said hole providing access for a drive means for pitching the turbine blade.

8. A blade-hub according to claim 6 or 7, wherein a plurality of holes are formed in each of
the rib-stiffeners, said holes intended for providing access to tightening of wind turbine
blade bearing bolts connecting the bearings to the turbine blades.

9. A blade-hub according to any of the preceding claims, wherein the blade-hub and the
rib-stiffeners are integrally formed, possibly the blade-hub and the rib-stiffeners being cast

in one piece.

10. A blade-hub according to claim 9, wherein the blade-hub and the rib-stiffeners
constitute separate parts and are joined togteher, said parts preferably being joined by

welding.
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11. A wind turbine blade-hub assembly comprising a hollow body blade-hub according to
any of claims 1-10 and a hollow body main shaft comprising adaptation means for a wind
turbine main bearing encircling said main shaft, wherein the hollow body blade-hub and

the hollow body main shaft are integrally formed.

12. A blade-hub assembly according to claim 11, wherein the hollow body blade-hub and
the hollow body main shaft are cast in one piece.

13. A blade-hub assembly according to claim 11 or 12, wherein the main shaft extends at
least 50% in the orientation of the axis of rotation compared to the circumferential size of

the blade-hub seen in a plane perpendicular to the longitudinal direction of the main shaft.

14. A blade-hub assembly according to any of claims 11-13, wherein the adaptation means
for the main bearing is positioned at the main shaft at a distance of 20 to 250 cm from the
blade-hub, preferable at a distance of 30-80 cm from the blade-hub.

15. A wind turbine blade-hub assembly comprising a hollow body blade-hub and a hollow
body main shaft comprising adaptation means for a wind turbine main bearing encircling
said main shaft, wherein the hollow body blade-hub and the hollow body main shaft are
integrally formed.

16. A blade-hub assembly according to claim 15, wherein the hollow body blade-hub and

the hollow body main shaft are cast in one piece.

17. A blade-hub assembly according to claim 15 or 16, wherein the main shaft extends at
least 50% in the orientation of the axis of rotation compared to the circumferential size of
the blade-hub seen in a plane perpendicular to the longitudinal direction of the main shaft.

18. A blade-hub assembly according to any of claims 15-17, wherein the adaptation means
for the main bearing is positioned at the main shaft at a distance of 20 to 250 cm from the
blade-hub, preferable 30-80 cm.
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