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ABSTRACT

Blade of a wind turbine. This blade is provided with a connection part for connection
to the shaft or hub of the turbine. The blade also contains a wind-energy-absorbing
profile which is optimized for wind flow. The output of the wind turbine is increased
according to the invention by providing the connection part with a member that is
designed in such a way that the assembly consisting of said member and the
connection part can absorb wind energy and will increase the efficiency of the

structures.
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Blade of a wind turbine

The present invention relates to a blade of a wind turbine, comprising a
connection part provided at one end with connection means, for connection to the
shaft/hub of a wind turbine, and a wind-energy-absorbing profile which is optimized
for the wind flow and extends from the other end of the connection part, the
connection part being provided with a member that is designed in such a way that the
assembly comprising the member and the connection part can absorb wind energy,
which member comprises a rib that projects from the connection part.

Such a blade is generally known
Because the wind-energy-absorbing profile is expensive to produce and is of an
clongated design, it is opted to fit a connection part between the wind-energy-
absorbing part and the shaft/hub of the wind turbine. On the one hand, the connection
part is cheap to produce and, on the other hand, it is designed in such a way that
simple connection 1s possible, large torques being effectively transmitted. Since the
torque of the aerodynamic forces increases with decreasing distance from the shaft,
and since the surface area passed through by a blade part decreases - and consequently
so does the share in the energy output - with decreasing distance from the shaft, the
blade cross section in the direction from tip to connection end acquires an
optimization which runs from generally aerodynamic to generally structural. In
particular, this connection part will comprise a tube. Since the connection part is
situated near the centre of rotation of the wind turbine, the loss that occurs through the
cross section not being optimized for the wind flow is less than the costs necessary for
making a profile that is optimized for the wind flow, such as that fitted on the other
side of the connection part. If the connection part is, for example, a tube, the costs of
that tube per metre are many times lower than the costs of the wind-energy-absorbing,
wing-like profile fixed on it. In addition, it is simple to connect a tube in a particularly
sturdy manner to the remaining part of the structures, by means of, for example, a
flange. The term connection part in the description and claims should be understood
as meaning that part of a blade that is optimized for the structures, and not so much
optimized for the absorption of wind energy. Such a part is characterized by a low
natural speed, and it absorbs little in the way of wind forces. In general, it can be said
that it does not comprise the part from the free end onwards with increasing chord, but

it does comprise the part beyond the maximum chord, in other words the part with
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decreasing or invariable chord. The connection part can be connected with a separate
flange to the aerodynamice wind-energy-absorbing profile.

Such blades are used on a large scale in the prior art.

It is the object of the present invention to increase the output of such a blade
without prohibitively increasing its costs, as would be the case if, for example, the
connection part were to be replaced by an extension of the wind-energy-absorbing
profile, and to do so without the strength decreasing to an inadmissible extent.

This object is achieved with a blade as described above wherein the
connection part is provided with a member that is designed in such a way that the
assembly comprising the member and the connection part can absorb wind energy.

According to the invention, the existing connection part is retained in principle
unchanged, except that it is provided with a member. According to an advantageous
embodiment of the invention, said member can be a simple rib which is fitted on the
connection part. Such a rib can be of a slightly curved shape, or it can simply be of a
design that extends perpendicular to the connection section. Such a member
comprises a rib that extends from the connection part, fitted in an area bounded, on
the one hand, by the surface of the wind-energy-absorbing profile in its most effective
position and bounded, on the other hand, by the surface clamped down by the rotor
shaft and the axis of the wind-energy-absorbing profile, comprising the quadrant lying
between the sharp rear edge of the aerodynamic profile and the pressure side of the
rotor blade. The term most effective position should be understood as meaning the
position in which the most wind energy is absorbed by the profile. Such a position
must be distinguished from, for example, the feathering position of a wind-energy-
absorbing profile. More particular the member is in a plane parallel to the plane of the
wind energy generating profile.

In the case of new structuress to be produced, the connection part and the
member can be made as a unit from fibre reinforced resin. In the case of known
structures, if the connection part comprises a circular tube, a strip of material
extending from it can be fitted on it, for example by welding or gluing. According to
the invention, the height of such a strip is preferably 0.05 — 0.3 times the (external)
diameter or thickness of the connection part. More particularly, the height is
approximately 0.1 times the diameter of the connection part.

It has been found that in such a way, particularly in the case of wind turbines

with a capacity of more than 50 kW, the output can be increased by 1.5% or more.
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The costs of fitting such a rib are many times lower than the additional output because
such a simple change always pays. It should be pointed out that it is possible to
provide existing blades with such a projecting rib, for example during an overhaul.

The rib can be designed in various ways, such as a flat strip, (partially)
triangular profile, block profile, sailcloth and the like. Furthermore, the rib may be
made flexible or otherwise, since it does not form part of the strength-providing
structures of the blade. Forces exerted upon the strip are transmitted to the blade or
connection part. i

Further optimization of the flow properties of the connection part can be
achieved by fitting vortex generators, or by means of air jets which have the same
effect. The effect can be produced to a lesser extent also by roughness alone.

The invention will be explained below with reference to an preferred
embodiment illustrated in the drawing, in which:

Fig. 1 shows in perspective and diagrammatically a blade of a wind turbine,

Fig. 2 shows a cross section along the line II-II of Fig. 1,

Fig. 3 shows a variant of the structures according to Fig. 1 and

Fig. 4 shows a second variant.

In Fig. 1 a blade of a wind turbine according to the invention is illustrated by
1. It is composed of a connection part 2. Connection to a hub 3, which forms part of a
shaft 4 behind which the actual generator is connected, is possible by means of a
flanged connection (not shown). At the other side, connection part 2 is connected to
the wind-energy-absorbing profile 5 of the blade 1. In the embodiment shown, the
profile is illustrated as a wing profile, and it will be understood that any other shape
can be achieved. The axis of the blade is indicated by 7.

In the example shown here, the connection part 2 is of a circular design and
comprises a simple tube. In the general prior art, this tube was of a smooth design,
without any further measure being taken.

According to the invention, it is proposed that a member or rib 6 be fitted on
the tube 2. It is also proposed that vortex generators 8 be fitted in the position shown.
The vortex generators (not drawn to scale) can be punched out of a strip material, the
base material being fixed to the connection part 2, for example by means of an
adhesive layer. The vortex generators (not drawn to scale) extend perpendicular to the
plane of the connection part 2, preferably at an angle of 15° relative to the plane

perpendicular to the longitudinal axis 7. The angle can be either positive or negative.
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The member or the rib 6 according to the invention is shown in detail in Fig. 2. Its
height is drawn slightly out of proportion. As a matter of fact, according to the
invention it is preferable for said height to be h 0.05 — 0.3 of the diameter of the
cylinder. In particular, said height will be approximately one tenth of the diameter.

Further variants of the invention are shown in Figs. 3 and 4. In Fig. 3 a blade
of a wind turbine is indicated by 11. It consists of a connection part. Reference
numeral 17 indicates the axis of the blade, while the wind-energy-absorbing profile is
indicated by 15. The part according to the invention is indicated by 16. As in the case
of the previous embodiment and that to be discussed below, said part can be flexible
or even controllable.

A further embodiment is shown in Fig. 4 and is indicated in its entirety by 21.
The hub is indicated by 23, while 27 indicates the axis of the blade. The wind-
absorbing part is indicated by 25, and the connection part by 22. The part according to
the invention is indicated by 26.

Although the invention has been described above with reference to a preferred
embodiment, it should be understood that numerous modifications are possible. For
instance, the member 6 can extend over only a limited part of the height of the
connection part 2, and the connection part 2 can have a shape that deviates from the
circular shape. Such modifications are obvious to persons skilled in the art after

reading the above description, and lie within the scope of the appended claims.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. Blade (1, 11, 21, 31) of a wind tufbine, comprising a connection part (2, 12, 22)
provided at one end with connection means, for connection to the shaft (4)/ub (3, 13,
23) of a wind turbine, and a wind-energy-absorbing profile (5, 15, 25) which is
optimized for the wind flow and extends from the other end of the connection part, the -
connection part being provided with a member (6, 16, 26, 36) that is designed in sych
a way that the assembly comprising the member (6, 16, 26, 36) and the connection
part can absorb wind energy, which member comprises a rib (6, 16, 26, 36) that
projects from the connection part, characterized in that said rib (6, 16, 26, 36) is
arranged in a plane that forms an angle, which on the pressure side lies between 45°
and 135° to the chordal plane of said wind-energy-ahsorbing profile,

2. Blade according to Claim 1, in which said angle lies between 45° and 135°,

3. Blade (1, 11, 21, 31) according to Claim 1, in which said rib is fitted in a plane
that forms an angle of approximately 90° to the chordal plane of said wind-energy-
absorbing profile.

4. Blade according to one of the preceding claims, in which said connection part
comprises & substantially circylar cross section.

5. Blade according to one of the preceding claims, in which said connection part
comprises the transition from a circular to an aerodynamic profile,

6. Blade according to one of the preceding claims, in which the height (h) of the
rib (6, 16, 26) lics between 0.05 and 0.3 times the diameter (d) or thickness of the
connection part.

7. Blade according to one of the preceding claims, in which said connection part is
provided with vortex-producing generators (8).

8. Blade according to one of the preceding claims, designed as a flexible part.

9. Method for producing a blade (1, 11, 21) of a wind turbine, comprising the
provision of a blade comprising a connection part (3, 13, 23) provided at one end with
connection means for connection to the shaft/hub of a wind turbine, characterized in
that after the provision of the connection part a rib is provided on in a plane that forms
an angle, which on the pressure side lies between 45° and 135° to the chordal plane of
said wind-energy-absorbing profile, it in such a way that the assembly comprising the

rib (6, 16, 26) and the connection part can generate wind energy.
Dated this 15th day of November 2004
STICHTING ENERGIEONDERZOEK CENTRUM NEDERLAND
By their Patent Attorneys

COLLISON & CO
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