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Wind turbine blade

The invention concerns a rotor blade of a wind power installation,
and a wind power installation.

5 Rotor blades for wind power installations are generally known, see,
for exampie, W02012/007058. Such rotor blades have a profile which takes
account of the particular aerodynamic demands. Usually a wind power
instaillation has an aerodynamic rotor with a plurality of rotor blades. Such
a wind power installation is shown by way of example in Figure 5. The

10 aerodynamic properties of such rotor blades are crucial as they greatly
influence the operational efficiency of the rotor biades and thus the wind
power instaliation. The profiles are optimised to increase the operational
efficiency of the rotor blades. To ensure current production which is as
steady as possible for example in regions involving a light wind, more

15 specifically in particular at on-shore locations, the aercdynamic rotor blades
are of a rotor diameter which can be more than 80 metres. In the case of
such large wind power installations and thus also very large rotor blades,
that results in the rotor blade being of a great weight. The large heavy
rotor blades generate high loads which in operation act on the wind power

20 installation. In addition production and transport to the respective erection
locations is complicated and difficult. Implementation of a rotor blade which
is divided into two and which would be more appropriate for transport of
such large rotor blades is however only limitedly possible, because of the
loads which occur and because of the reduction in stability which

25  additionally occurs due to the separation location.

The German Patent and Trade Mark Office searched the following
state of the art in the priority application: DE 10 2008 052 858 Al, DE 10
2008 033 411 A1, DE 103 07 682 A1, US 5 474 415 A and EP 2 339 171
A2,

30 Therefore the object of the present invention is to eliminate or
reduce at least one of the above-mentioned problems, in particular to
provide a rotor blade which is of low weight with a maximum level of

stiffness, by which the loads on the machine structure and the pylon are
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reduced, and which is simple to transport. The invention seeks at least to
propose an alternative solution.

According to the invention to attain that object there is proposed a

rotor blade according to claim 1. Such a rotor blade of a wind power

5 instaliation has a rotor blade root for attaching the rotor blade to a rotor

hub and a rotor blade tip arranged at a side remote from the rotor blade

root. In that case a relative profile thickness which is defined as the ratio of

profile thickness to profile depth has a local maximum in a central region

between rotor blade root and rotor blade tip. Hereinafter the term profile

10 depth is used to denocte the length of the profile, that is to say the spacing
between the profile leading edge and the profile trailing edge. The profile
thickness denctes the spacing between the top side and the underside of
the profile. The relative profile thickness is thus of a small value if the
profile thickness is small and/or the profile depth is large.

15 The relative profile thickness has a local maximum between the rotor
blade root and the rotor blade tip. The local maximum is in the central
region between the rotor blade root and the rotor blade tip, preferably in a
region of 30 to 60% of the total length of the rotor blade, measured from
the rotor blade root to the rotor blade tip. With a total length of for

20 example 60 metres, the local maximum is thus in a region of preferably 18
metres to 36 metres. The relative profile thickness thus initially falls,
starting from the rotor blade root, and then rises in the central region again
to the iocal maximum, namely to a location, in the area surrcunding which
the relative profile thickness does not involve a higher value. The local

25 maximum in the central region of the rotor blade is afforded in particular by
the profile depth decreasing greatly from the rotor blade root to the central
region. At the same time or alternatively the profile thickness can be
increased or may not decrease as greatly as the profile depth. That
achieves a saving on material, in particular between the rotor biade root

30 and the central region, and thus a saving in weight. A high level of stability
is achieved for the rotor blade by the increase in profile thickness.

It was realised that a reduction in the profile depth in the central

region can admittedly result in a reduction in load-carrying capacity there,
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but at the same time a reduction in the weight of the rotor blade is
achieved. Any worsening in the efficiency of the rotor blade is accepted to
achieve a lower weight. In that respect, the focus is directed more grestly
to stability and stiffness in the central region, with the maximum level of
5  efficiency, while in the outer region the greater focus is on high efficiency.
Thus there is proposed a profile in which the profile depth decreases from
the central region cutwardly towards the rotor blade tip at least to a lesser
degree than in the central region.
Preferably the relative profile thickness of the local maximum is 35%
10 to 50%, in particular 40% to 45%. Usually the relative profile thickness
begins at the rotor blade root, with a value of 100% to 40%. A value of
about 100% means in that respect that the profile thickness s
approximately identical to the profile depth. After that the value falls
monotonically. In an embodiment according to the invention the value
15 initially drops, starting from the rotor blade root, until it reaches a local
minimum. After the local minimum the relative profile thickness involves an
increase until it is about 35% to 50%.
In a preferred embodiment the rotor blade in the central region
and/or in the region of the local maximum has 3 profile depth of 15060 mm
20 to 3500 mm, in particular about 2000 mm. If the rotor blade in the region
of the rotor biade root has a profile depth of about 6000 mm the profile
depth therefore falls by about a third as far as the central region and/or the
region of the local maximum.
In a particularly preferred embodiment the rotor blade is composed
25  of a first and a second rotor blade portion, and the first rotor blade portion
has the rotor blade root and the second rotor blade portion has the rotor
blade tip. The first and the second rotor blade portions are connected
together at a separation location. In that case the separation location is
arranged in the central region between the rotor blade root and the rotor
30 blade tip and/or in the region of the local maximum.
Assembling the rotor blade from two rotor blade portions provides
that transport of the rotor blade to the appropriate erection location of the
wind power installation is considerably facilitated. If the separation location
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is in the central region, that means, with a rotor diameter of over 80
metres, that for example there are only still two rotor blade portions each
of about 40 metres that have to be transported. In addition, in the central
region and/or in the region of the local maximum of the relative profile
5 thickness, in particular the profile depth is small with a large profile
thickness. As a result, the rotor blade is of a stable configuration at that
location. The additional loadings occurring due to the separation location
are thus very substantially absorbed.
Preferably the rotor blade is designed for a tip speed ratio in a range
10 of 7 to 10, preferably 8 to 8. In that respect the tip speed ratio is defined
as the ratio of peripheral speed at the rotor blade tip to the wind speed.
High design tip speed ratios lead to a high performance coefficient and can
result in slender, rapidly rotating blades.
In a further embodiment in a region of 90% to 95% of the total
15 length of the rotor blade, measured from the rotor blade root to the rotor
blade tip, the rotor blade has a profile depth which corresponds to about
5% to 15%, in particular about 10%, of the profile depth in the region of
the rotor blade root.
Such a reduced profile depth in the region of the rotor blade tip
20 reduces loads acting on the machine structure and the pylon, in particular
aerodynamic loads. Basically a comparatively slender rotor blade is
proposed.
In a preferred embodiment at the rotor blade root the rotor blade
has a profile depth of at least 3900 mm, in particular in a region of 4000
25  mm to 8000 mm, and/or in the region of 90% to 95% of the total length, in
particular at 90%, starting from the rotor blade root, it has a profile depth
of a maximum of 1000 mm, in particular in a region of 700 mm to 400 mm.
Preferably in the central region, in particular at 50% of the total
length of the rotor blade and/or in the region of the local maximum, the
30 rotor blade has a profile depth which corresponds to about 20% to 30%, in
particular about 25%, of the profile depth in the region of the rotor blade
root, If for example the profile depth is 6000 mm in the region of the rotor
blade root, then the profile depth corresponds only to about 1500 mm in
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the region of the local maximum and/or in the central region. That rapid
decrease in the profile depth from the rotor blade root to the central region
provides a slender profile with low loads, in particular aerodynamic loads.
The loads are less than in the case of other known rotor blades. In the
5 known profiles, the rotor blade depth usually decreases substantially
linearly. As a result a greater profile depth is present in particular between
the rotor blade root and the central region, and thus this also involves more
material.
In addition according to the invention there is proposed a wind power
10 installation having at least one rotor blade according to at least one of the
foregoing embodiments. Such a wind power installation is economically
efficient due to the at least one slender and rapidly rotating rotor blade,
due to a high design tip speed ratio, and a high performance coefficient. As
a result the wind power instaliation is particularly suitable also for operation
15 in the part-load range and/or for light wind and thus also for on-shore
locations. The wind power installation preferably has three rotor blades.
The invention is described in greater detail hereinafter by means of
embodiments by way of example with reference to the accompanying
Figures. The Figures set forth partly simplified diagrammatic views.
20 Figure 1 shows a diagrammatic view of a rotor blade,
Figure 2 shows a diagram illustrating the relative profile thickness
relative to the standardised rotor radius,
Figure 3 shows a diagram illustrating the depth relative to the radius,
Figure 4 shows a diagram illustrating the thickness relative to the
25 radius,
Figure 5 shows a perspective view of a wind power installation,
Figure 6 shows a side view of a rotor blade, and
Figure 7 shows a further side view of the rotor blade of Figure 6.
Figure 1 shows a distribution of varicus profile geometries of a rotor
3¢ blade 1 of an embodiment. Profile thicknesses 2 and profile depths 3 are
shown in portion-wise manner in the rotor blade 1. At one end the rotor
blade 1 has the rotor blade root 4 and at the end remote therefrom it has a
connecting region 5 for the attachment of a rotor blade tip. At the rotor
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blade root 4 the rotor blade has a large profile depth 3. In the connecting
region 5 in contrast the profile depth 3 is very much smaller. The profile
depth decreases markedly from the rotor blade root 4 which can also be
referred to as the profile root 4, to a central region 6. A separation location

5 {not shown here) can be provided in the central region 6. The profile depth
3 is almost constant from the central region 6 to the connecting region 5.
The illustrated rotor blade 1 is intended for attachment of a small rotor
blade tip, which constitutes less than 1% of the length of the illustrated
rotor blade 1 and can therefore be disregarded here.

10 Figure 2 shows a diagram in which the relative profile thickness is
respectively shown relative to the standardised rotor radius, for various
rotor blades of a wind power instaliation. The relative profile thickness is
specified in percent on the ordinate and extends in 5% steps from 10% to
60%. The standardised rotor radius is respectively specified on the abscissa

15  from Q0 to 1 in €.1 steps. In this case the rotor radius respectively refers to
a rotor with at least one rotor blade mounted to a rotor hub of the rotor.
The length of the respective rotor blade extends from the rotor blade root
to the rotor blade tip. The rotor blade begins with its rotor blade root
approximately at a value of 0.05 of the standardised rotor radius and ends

20 with its rotor blade tip at the value 1 of the standardised rotor radius. In
the region of the rotor blade tip the value of the standardised rotor radius
approximately corresponds to the percentage length of the rotor blade in
question. In particular the value 1 of the standardised rotor radius is equal
to 100% of the rotor blade length.

25 A total of six graphs are to be seen in the diagram. The graphs
represent the configuration of the relative profile thickness of rotor blades
of various known and planned wind power installations from Enercon
GmbH. In that case graph 100 shows a wind power instaliation of a rotor
diameter of about 70 m {type E-70), graph 102 shows an installation with a

30 rotor diameter of about 82 m (type E-82), graph 103 shows an installation
with a rotor diameter of about 92 m (type E-82), graph 104 shows an
installation with a rotor diameter of about 101 m (type E-101), graph 105
shows an installation with a rotor diameter of about 115 m (type E-115),
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and graph 106 shows an instaliation with a rotor diameter of about 126 m
(type E-126). Graphs 100, 102, 104 and 106 show known state of the art
and graphs 103 and 105 show the configuration of the relative profile
thickness of a respective embodiment according to the invention. It can be
5 seen from the graphs that the configuration of the relative profile thickness
in graphs 100 and 102 is of a substantially monotonically falling
configuration. The graphs 100 and 102 begin in the region of the rotor
blade root, that is to say between a standardised rotor radius of 0.0 and
0.1, with a relative profile thickness between 45% and 50%. The respective

10 graphs do not have any local maxima or minima, as far as the standardised
rotor radius of 1.0. The vaiues of the relative profile thickness steadily
decrease.

The graph 103 in accordance with the one embodiment begins with a
relative profile thickness of about 55% at the rotor blade root, that is to say

15 therefore approximately at a standardised rotor radius between ¢ and 0.1,
and then initially falls to a relative profile thickness of about 40%, with a
standardised rotor radius of 0.3, After that the configuration of the relative
profile thickness rises until it reaches its local maximum at about 42%, with
a standardised rotor radius of 0.4. The relative profile thickness then rises

20 again by 2% to its iocal maximum. The local maximum is in the central
region of the rotor blade. It thus has a maximum deflection of more than
1%. After that the relative profile thickness is of a monotonically falling
configuration to a value of about 15% as far as a standardised rotor radius
of 1.0 and thus a rotor blade length of 100%.

25 The configuration of the graph 105 of the further embodiment is
similar to that of the graph 103. The relative profile thickness begins at the
rotor blade root at about 45%, then falls in the case of a standardised rotor
radius of about 0.25 to a value of below 40% and thereafter rises. With a
standard rotor radius of about 0.45 the value of the relative profile

30 thickness reaches a local maximum at a value of about 42%. That
corresponds to a rise again of about 3%. Then the configuration of the
reiative profile thickness is of a substantially monotonically falling nature,
until at a relative profile thickness of about 0.8 the value of 15% is
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reached. The further configuration as far as the rotor blade tip remains
approximately constant at 15%.
In contrast to the graphs 100 and 102 the graphs 103 and 105 have
a local maximum in the central region. The local maximum is produced

here by a reduction in the profile depth with at the same time a smaller

(93]

reduction in the profile thickness in that region. The profile achieved by
that configuration in respect of the relative profile thickness is a slender
rotor blade which, in contrast to the known rotor blades, carries loads
which are lower by virtue of the fact that the profile depth firstly decreases
10 rapidly starting from the rotor blade root over the entire length of the rotor
blade. In that way aerodynamic loads are also reduced and thus the loads
occurring at the machine casing are also reduced. In addition the rotor
blade can be of a substantially constant profile thickness, from the central
region. The rotor blade is afforded stability as a result of that. In the case
15  of the known rotor blades the profile is substantially of a trapezoidal shape
which can be noted in the diagram by a monotonically falling configuration
of the relative thickness.
The relative profile thickness of the graph 104 begins at the rotor
blade root with 44%. The relative profile thickness firstly falls at a
20 standardised radius of 0.1 to a value of about 42%. Thereafter it rises
slightly to a value of about 42.5% as far as a standardised rotor radius of
(.2, which approximately corresponds to 15% of the rotor blade length.
The configuration of the graph 104 thus admittedly has a local maximum
which however is not in the central region of the rotor blade and which has
25 a gradient that is scarcely worth mentioning. In particular such a
configuration is also poorly suited to a two-part rotor blade with 2a
separation location in the central region.
A linear thickness configuration from the rotor blade root to the
central region, as is shown in Figure 4 in both graphs, is also
3¢ advantagecus. Such a linear configuration which the rotor blade in graph
104 does not have is structurally advantageous. Such a rotor blade can be
better produced and has a more uniform stress configuration. In addition,

more uniform deformation is to be expected under the action of external
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loads. Such a linear configuration is basically advantageous, not just for the
iltustrated embodiments. The linear thickness configuration is proposed in
the region of 5% to 25% of the total length of the rotor blade, preferably
5% to 35%, in particular from the rotor blade root to the central region.
The configuration of the relative profile thickness of the graph 106

(93]

begins in the region of the rotor blade root at about 52%. The value then
sinks to a standardised rotor radius of 0.2, at about 42.5%. Thereafter the
relative profile thickness extends almost constantly or has a gradient that is
not worth mentioning. That region can also be referred to as a saddle point

10 in the mathematical sense. From a rotor radius of about 0.3 the relative
profile thickness extends in g strictly monotonically faliing configuration.

In the rotor blade root region, the configuration of the relative profile
thickness of the illustrated embodiments does not begin at 100%, as would
be the case with other known rotor blades. In this respect the profile depth

15 and the profile thickness are almost identical in the region of the rotor
blade root. Rather, the illustrated configuration begins at between 40% and
55%. That has aerodynamic advantages, in particular in regard to
turbulence formation in the region of the rotor blade root, which is
suppressed or at least reduced by such a profile shape.

20 Figure 3 shows a diagram which illustrates the profile depth -
referred to in the diagram in simplified fashion as the depth ~ in millimetres
relative to the rotor radius ~ referred to in the diagram in simplified fashion
as the radius - in millimetres. The profile depth is shown in steps of 500
from 0 mm to 6000 mm. The rotor blade radius is shown in steps of 5000

25  from 0 mm to 60,000 mm. Figure 3 shows two graphs 200 and 202,
wherein the graph 200 represents the profile depth configuration of an
embodiment according to the invention. The graph 202 shows a graph
configuration of ancther rotor blade for comparison purposes. Graph 200
shows the profile depth configuration of a wind power instaliation from

3¢  Enercon GmbH of type E-115.

The two graphs 200, 202 begin at the rotor blade root with
approximately the same profile depth. The profile depth is in a range of
between 5500 mm and 6000 mm. After that both graphs 200, 202 fall
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away until at a radius of between 20,000 mm and 25,000 mm they have
reached a profile depth in a range of between 3000 mm and 3500 mm.
After that the profile depth in the graph 200 falls away markedly more than
that of the graph 202. For example at a radius of 25,400 mm the profile
5 depth of the graph 200 is already only still 2500 mm while that of the
graph 202 is still 3000 mm. At a radius of 35,000 mm the profile depth of
the graph 200 is only still about 1550 mm and that of the other graph 202
is still 2500 mm. It is only in the region of the biade tip, that is to say at a
radius in the range of between 55,000 mm and 60,000 mm that the profile

10 depths again approximately coincide.

Figure 4 shows a diagram in which, in relation to the profile depths in
Figure 3, it respectively shows the profile thickness - referred to in the
diagram in simplified fashion as thickness ~ in millimetres relative to the
rotor radius - referred to in the diagram in simplified fashion as radius. The

15 profile thickness is shown in 200 mm steps from 0 mm to 2800 mm. The
radius is shown in 5000 mm steps from ¢ mm to 60,000 mm. Two graphs
are shown, the first graph 300 ilustrating the profile thickness
configuration of an embodiment according to the invention and the graph
302 showing that of another rotor blade for comparison purposes. Graph

20 300 shows the profile thickness configuration of a rotor blade of a wind
power installation from Enercon GmbH of type E-115.

The rotor blade of the graph 200 and 300 in Figures 3 and 4
respectively has a local maximum in respect of the relative profile thickness
in the central region between rotor blade root and rotor blade tip.

25 Figure 5 shows a wind power installation 400 comprising a pylon 402
erected on a foundation 403. Disposed at the upper end opposite to the
foundation 403 is a pod 404 {(machine casing) with a rotor 405 which
substantially comprises a rotor hub 406 and rotor blades 407, 408 and 409
mounted thereto. The rotor 405 is coupled to an electric generator in the

30  interior of the pod 404 for converting mechanical work into electric energy.
The pod 404 is mounted rotatably on the pylon 402, the foundation 403 of

which gives the necessary erection stability.
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Figure 6 shows a side view of a rotor blade 500 of an embodiment
over its entire length |, that is to say from 0% to 100%. At one end the
rotor blade 500 has a rotor blade root 504 and at the end remote therefrom
it has a rotor blade tip 507. The rotor blade tip 507 is connected at a
connecting region 505 to the remaining part of the rotor bilade. At the rotor

(93]

blade root 504 the rotor blade is of a great profile depth. In contrast the
profile depth is very much smaller in the connecting region 505 and at the
rotor blade tip 507. Starting from the rotor blade root 504 which can also
be referred to as a the profile root 504, the profile depth decreases

10 markedly to a central region 506. A separagtion location (not shown here)
can be provided in the central region 506. The profile depth is almost
constant from the central region 506 to the connecting region 505.

The rotor blade 500 is of a form in which it is divided into twgo, in the
region of the rotor blade root 504, The rotor blade 500 thus comprises a

15 basic profile 509 on which a further portion 508 is arranged in the region of
the rotor blade root 504, to increase the rotor blade depth of the rotor
blade 500. In this case the portion 508 is for example glued to the basic
profile 509. Such a two-part form is simpler in terms of handling in
transport to the erection location and easier to manufacture.

20 It is also possible to see a hub connecting region 510 in Figure 6.
The rotor blade 500 is connected to the rotor hub by way of the hub
connecting region 510.

Figure 7 shows a further side view of the rotor blade 500 in Figure 6.
It is possible to see the rotor blade 500 with the basic profile 509, the

25  portion 508 for increasing the rotor blade depth, the central region 506, the
rotor blade root 504 and the hub connecting region 510 as well as the
connecting region 505 to the rotor blade tip 507. The rotor blade tip 507 is
in the form of a so-called winglet. That reduces turbulence at the rotor
blade tip.
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Patentkrav

1. Rotorvinge (1) af et vindenergianleeg med:

- en rotorvingerod (4) til at forbinde rotorvingen (1) med et rotornav og

- en rotorvingespids, som er anbragt pa en side, der vender vk fra rotor-
vingeroden (4), kendetegnet ved, at en relativ profiltykkelse (2), der er defi-
neret som et forhold mellem profiltykkelse (2) og profildybde (3), i et midter-
omrade (6) mellem rotorvingeroden og rotorvingespidsen har et lokalt mak-
simum.

2. Rotorvinge (1) ifolge krav 1,

kendetegnet ved, at

den relative profiltykkelse (2) af det lokale maksimum har et forhold mellem
profiltykkelse (2) og profildybde (3), som ligger i omradet fra 35 % til 50 %,
iszer fra 40 % til 45 %.

3. Rotorvinge (1) ifalge et af kravene 1 eller 2,

kendetegnet ved, at

rotorvingen (1) i omrédet af det lokale maksimum har en profildybde fra 1500
mm til 3500 mm, iseer ca. 2000 mm.

4. Rotorvinge (1) ifolge et af de foregaende krav,

kendetegnet ved, at

- rotorvingen (1) bestér af et farste og et andet rotorvingeafsnit, og

- det forste rotorvingeafsnit har rotorvingeroden (4), og det andet rotorvinge-
afsnit har rotorvingespidsen, og

- det forste og det andet rotorvingeafsnit er forbundet med hinanden pa et
adskillelsessted,

hvor adskillelsesstedet er anbragt i midteromradet (6) mellem rotorvingero-
den (4) og rotorvingespidsen.

5. Rotorvinge (1) ifalge et af de foregéende krav,
kendetegnet ved, at
rotorvingen (1) er udformet til et hurtigt omdrejningstal i et omrade fra 7 til 10,
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fortrinsvis fra 8 til 9.

6. Rotorvinge (1) ifglge et af de foregéende krav,

kendetegnet ved, at

rotorvingen (1) i et omréde fra 90 % til 95 %, af rotorvingens samlede lsengde
malt fra rotorvingeroden til rotorvingespidsen har en profildybde (3), som sva-
rer til ca. 5 % til 15 %, iseer ca. 10 %, af profildybden (3) i omradet af rotor-
vingeroden (4).

7. Rotorvinge (1) ifalge et af de foregéaende krav,

kendetegnet ved, at

rotorvingen fra 5 % til 25 % af rotorvingens samlede lzengde, fortrinsvis fra 5
% til 35 %, har et linezert tykkelsesforlgb.

8. Rotorvinge (1) ifalge et af de foregéende krav,

kendetegnet ved, at

rotorvingen fra rotorvingeroden til midteromradet har et lineeert tykkelsesfor-
lob.

9. Rotorvinge (1) ifalge et af de foregéaende krav,

kendetegnet ved, at

rotorvingen (1) ved rotorvingeroden (4) har en profildybde (3) pa mindst 3900
mm, iseer i et omrade fra 4000 mm til 8000 mm

10. Rotorvinge (1) ifglge et af de foregaende krav,

kendetegnet ved, at

rotorvingen (1) i omréadet fra 90 % til 95 % af sin samlede laengde, isaer ved
90 %, udgaende fra rotorvingeroden (4), har en profildybde (3) pad maksimalt
1000 mm, iseer i et omrade fra 700 mm til 400 mm.

11. Rotorvinge (1) ifalge et af de foregdende krav,

kendetegnet ved, at

rotorvingen (1) i midteromradet har en profildybde, som svarer til ca. 20 % til
30 %, iseer ca. 25 %, af profildybden i omradet af rotorvingeroden (4).
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12. Vindenergianlazeg med mindst en rotorvinge (1) ifglge et af de foregaende
krav.
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