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Wind-Turbine Rotor Blade, and Wind Turbine Having Same

The present invention relates to a wind-turbine rotor blade comprising a blade root and a
blade tip, a flange arranged on the blade root side for fastening the rotor blade to the rotor

hub, and a pitch bearing for adjusting the angle of attack of the rotor blade and for absorbing
the blade loads.

The invention further relates to a wind turbine comprising a generator, preferably synchro-
nous generator, a rotor hub, which is coupled to the generator to drive the latter, and one

or a plurality of rotor blades fastened to the rotor hub for driving the rotor hub.

Rotor blades or rotor blade arrangements, respectively, of the above-identified type are
well known. The blade load is understood to be the forces, which are caused by the dead
weight of the rotor blades and which are caused by the wind load acting thereon. In the
case of known rotor blade arrangements, the pitch bearings are typically arranged directly
on the blade root, wherein the pitch bearing is either connected directly to the rotor hub by
means of a first bearing ring or via a flange, and is connected to the rotor blade by means
of a second bearing ring on the other side. The entire rotor blade is adjusted directly on the
pitch bearing with respect to its angle of attack either via the outer side or inner side of the

pitch bearing, or via a further member.

Modern wind turbines are getting larger and larger. By now, blade lengths of common rotor
blades significantly exceed the 50-meter mark. Due to the high masses associated there-
with and due to the high forces acting on the rotor blades, the pitch bearings are also sub-
jected to correspondingly high loads. This comprises radial forces, axial forces as well as
tilt moments. A high bearing friction is created thereby. High drive forces are necessary to

drive the pitch movement as a result of the high friction and the high masses and loads,

which are to be absorbed.

It IS also observed that the connection of the rotor blades to the rotor hub Is associated with
high costs, because, for a precise fit of the rotor blade on the hub, the latter has to be
machined precisely, which is difficult at times as a result of the high component complexity

of the rotor hub.

The necessary free travel, thus the horizontal distance between the rotational plane of the

rotor blades and the tower surface of the wind turbine towers, is a furhter problem, which
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IS generally associated with large wind turbines. Due to the fact that most of the towers are

embodied to be slightly conical in parts, the maximum rotor blade length is limited.

US 2013/330194 A1 discloses a blade root extension for a rotor blade of a wind turbine.
The blade root extension is fixed to the rotor hub, at the free end of which a pitch bearing
5 IS provided for the pitched rotor blade. The pitched rotor blade is inclined at an angle to the
fixed rotor blade extension so that the blade tip of the rotor blade protrudes further from the

tower than the blade root end of the rotor blade.

As a result of the above findings, there is the need for improvements to the known rotor

blades.

10 The invention was thus based on the object of eliminating the disadvantages found in the
prior art and named above as much as possible. The invention was In particular based on
the object of improving the rotor blade arrangement with respect to the pitch bearing load,
and to further in particular provide for a cost reduction for the rotor blade arrangements and

for the wind turbines comprising such rotor blade arrangements as a whole.

15 In the case of a wind-turbine rotor blade of the above-identified type, the invention solves
the object, on which it is based, in that the rotor blade has a carrier, on which the flange is
embodied, wherein the pitch bearing is fastened to the carrier and is spaced apart from the
flange toward the blade tip. The invention is based on the finding that the tilt moments
acting on the pitch bearing as a result of the wind force, are a main cause for occurring

20 bearing wear as well as bearing friction and thus for the necessity of pitch bearings and
pitch drives, which are dimensioned so as to be large. Following this approach, the inven-
tion aims at reducing the resulting tilt moment acting on the pitch bearing. The invention
reaches this goal in that the pitch bearing is spaced apart from the flange toward the blade
tip. Substantially two area moments thereby act on the pitch bearing, firstly an area mo-

25 ment, which can be traced back to the area force, which extends from the pitch bearing
toward the blade tip. Secondly, a counter moment, which can be traced back to the area
force between the pitch bearing and the blade root, acts on the pitch bearing in the other
direction. The two moments partially compensate one another, so that the resulting tilt mo-
ment, which acts on the pitch bearing, is reduced significantly as compared to conventional

30 solutions, In the case of which the pitch bearing is arranged on the rotor blade on the inner
end, on the blade root side. This entails a number of advantages. As a result of the lower
resulting tit moments, pitch bearings, which are dimensioned so as to be smaller, can be
used, which reduces the weight of the nacelle supported by the wind-turbine tower, together
with rotor blades. As a result of the smaller pitch bearing sizes, smaller bearing turning

35 resistance (bearing friction) and smaller masses need to be moved in order to adjust the



10

15

20

25

30

DK/EP 3455493 T3

angle of attack, whereby pitch drives, which are dimensioned so as to be smaller, can also
be used. As a whole, this leads to a cost reduction in the production and acquisition of wind-

turbine rotor blades and wind turbines according to the invention.

According to the invention, the carrier, between the pitch bearing and the flange, has a
carrier axis, which is angled in such a way with respect to the pitch axis that, in a wind
turbine-mounted state of the rotor blade, the pitch axis is spaced apart farther from a tower
axis of the wind turbine than the flange. One might say that the rotor blade has a kink in
the pitch plane in such an embodiment. As a result of the kink, the outer structure protrudes
forward from the nacelle farther than a conventional rotor blade comprising a cone angle
on the blade bearing plane would. The free travel between the rotor blades and the tower
of the wind turbine is thereby increased, which makes it possible to use rotor blades, which
are longer than formerly known. The angle between the pitch axis and the carrier axis pref-
erably lies in a range between 1° and 5°, more preferably in a range between 2° and 10°,

and particularly preferably in a range between 3° and 5°.

According to the invention, the carrier is understood to be a structural component, which Is
embodied Iin a cone-shaped or shaft-shaped manner, for example, and which preferably
has an at least partially polygonal or cylindrical cross section. The carrier is preferably at

least partially embodied in a truncated cone-shaped manner.

When reference is made Iin the context of the invention to a distance between flange and
pitch bearing, this is to be understood to be a distance in the range of 0.5 m or more. In
preferred embodiments, the distance is 5 m or more, particularly preferably 10 m or more.
The invention is further developed in an advantageous manner in that the rotor blade further
has an outer structure, on which the aerodynamic blade surface, around which the wind
flows, Is embodied, wherein the outer structure i1s supported on the carrier so as to be
capable of being rotated about a pitch axis by means of the pitch bearing. This makes it
possible to completely design the non-moved carrier, which is statically fastened to the
rotor hub, for stability, because the aerodynamic function is predominantly supported by
the outer structure. Depending on the used mounting, the loads are introduced into the

carrier and are transferred into his hub. The loads are thus also supported by the carrier.

In the alternative or in addition, however, the carrier can also be embodied aerodynamically

on Iits outer surface, provided that wind flows around it during operation.
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In a preferred embodiment of the invention, the pitch bearing has a sole bearing, which
absorbs axial, radial and bending forces between outer structure and carrier. Such a bear-

INg IS preferably embodied as moment bearing or as, in particular multi-row, four-point bear-

INg.

In an alternative preferred embodiment, the pitch bearing has a first bearing, which absorbs
at least axial loads, preferably at least axial loads and radial loads, particularly preferably
axial, radial loads and tilt moments, and which additionally has a second bearing as support
bearing, which absorbs radial loads. As a function of the bearing concept, the second bear-
INg IS equipped to absorb both radial and axial loads, in particular in the case of a
fixed/loose bearing solution, as well as in the case of a support mounting (O-arrangement

or X-arrangement).

In a further preferred embodiment, the second bearing is embodied as sliding surface for
absorbing the radial loads. The sliding surface is preferably embodied on the carrier and/or
on the blade, for example by the respective attaching of a strip of a copper alloy or a white
metal. The average roughness Ra of the sliding surface preferably lies in a range of (Ra <
1.0 ym, determined for example according to ISO 25178:2009. In such an embodiment,
the first bearing Is preferably a moment bearing or four-point bearing, or, in the alternative,
a conventional fixed bearing or combination of fixed and loose bearing, while the second

bearing as support bearing can for example be a radial bearing.

When reference is made above to embodiments comprising first and second bearing, the
first bearing iIs that, which is spaced apart from the flange as defined above. The second
bearing Is arranged closer to the blade root than the first bearing. The second bearing Is
preferably arranged at a distance of less than 0.5 m to the flange plane, particularly prefer-

ably directly in the flange plane.

In a further preferred embodiment, the rotor blade has a pitch plane, which is spaced apart
from the blade root toward the blade tip, and which divides the rotor blade along the pitch
plane Iinto a non-pitched and a pitched part. On the one hand, this embodiment makes it
possible to arrange the carrier and the outer structure next to one another, wherein the
carrier, based on the circumferential movement of the rotor blades, is arranged radially
Inside, on the hub-side of the wind turbine, and the outer structure is mounted thereto radi-

ally outside thereof via the pitch bearing.

In a first preferred embodiment, the outer structure is coupled to an inner ring of the pitch
bearing. In this embodiment, a shaft end, which is accommodated by the pitch bearing and

IS supported inside the carrier, can for example be fastened to the outer structure. The shaft
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end is preferably driven directly by a motor-driven pitch drive or by means of the inner ring
of the pitch bearing in order to adjust the pitch angle of the outer structure. In this embodi-
ment, the carrier is a hollow body, with which the shaft end engages, and preferably has a

part of the outer surface of the rotor blade.

In a second alternative embodiment, the outer structure is coupled to an outer ring of the
pitch bearing. This embodiment makes it possible to embody an overlap area, in which the
carrier Is arranged inside the outer structure, between the outer structure and the carrier.
In such an embodiment, the end of the overlap area, which faces the blade root, then de-
fines the pitch plane. The outer structure Is placed above the carrier quasi like a housing
and covers it in the overlap area. The overlap area can extend substantially to the blade
root, wherein, in such an embodiment, viewed from the outside, the blade works like a
conventional bearing pitched on the blade root, but does In fact require significantly lower
friction and thus lower pitch forces as a result of the moment balancing. This embodiment
also has a further advantage: When the carrier is dimensioned sufficiently so that it be-
comes walkable, the rotor blade can be walked from the inside at least to the pitch plane
In the mounted state. As a result of the lightweight construction, this is not always possible
In the case of conventional rotor blades, which are frequently made of fiber composites.
However, the carrier deflects the mechanical stress, which would be caused by being

walked on, from the outer structure, which is designed to be lightweight.

The outer structure is preferably embodied in several parts and has a first part, which ex-
tends from the pitch bearing, in particular the first bearing of the pitch bearing, to the blade
tip, as well as a second part, which extends from the pitch bearing, in particular the first
bearing of the pitch bearing, to the pitch plane. Particularly preferably, the first part and the
second part of the outer structure are connected to one another by means of a rotating ring,
In particular the outer ring, of the (first) pitch bearing, for example in that they are fastened
to the pitch bearing on opposite front faces of the outer ring of the pitch bearing. Particularly
preferably, the second part of the outer structure extends all the way to the vicinity of the

flange plane.

In a further preferred embodiment, the rotor blade has a non-pitched blade covering, which
extends between the blade root and the outer structure substantially to the pitch plane, In

particular adjacent to the overlap area.

Such a blade covering can preferably also be embodied so as to be aerodynamically opti-
mized, so as to ensure a flow resistance, which is reduced as much as possible, and as

little turbulence formation as possible, for a certain angle of attack range in the mounted
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state of the rotor blade. The blade covering could also be structurally connected to the

carrier or could be embodied in one piece therewith.

In the case of a wind turbine of the above-identified type, the invention further solves the
object, on which it is based, In that the rotor blades are embodied according to one of the
above-described preferred embodiments. As a result of the lower loads on the pitch bear-
INgs and the pitch drives, a reliable mode of operation with simultaneously reduced costs
of the wind turbine can be expected. With regard to the further advantages and preferred
embodiments of the wind turbine according to the invention, reference is made to the above

explanations relating to the rotor blades.

The wind turbine according to the invention is preferably further developed, in that a pitch

drive comprising a drive pinion, which engages with a gearing, Is assigned to each rotor
blade.

The gearing Is preferably arranged on the outer structure or on a shaft end provided on the
outer structure, or directly on the moved bearing ring of the bearing or of one of the bearings
of the pitch bearing, respectively. The gearing Is preferably integrally molded on the bearing

rnng.

The gearing is preferably embodied along an angular range of between 60° and 270°, pref-
erably between 90° and 180°.

More preferably, the gearing has a plurality of segments, which are arranged in a row and

which, together, cover the protruding angular area.

The invention will be described in more detail below by means of preferred exemplary em-

bodiments with reference to the enclosed figures.

Figure 1 shows a schematic wind turbine in a first exemplary embodiment,

Figure 2a  shows a partial illustration of the wind turbine according to Figure 1 comprising

a rotor blade according to a first exemplary embodiment,

Figure 2b  shows a partial illustration of the wind turbine according to Figure 1 comprising

a rotor blade according to a second exemplary embodiment,
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Figure 3 shows a wind turbine according to the invention according to a preferred ex-

emplary embodiment comprising a rotor blade according to the invention.

Figure 1 shows a wind turbine 100 comprising a tower 102 and a nacelle 104. A rotor hub
106 comprising three rotor blades 1 and a spinner 110 Is arranged on the nacelle 104.
During operation, the rotor 106 is made to rotate by means of the wind and thus drives a

generator in the nacelle 104.

Figure 2a shows the rotor blade 1 according to Figure 1 in a schematic partial sectional
view. The rotor blade 1 has a blade root 3 and a blade tip 5. On the blade root side end,

the rotor blade 1 has a flange 7 for fastening to the rotor hub 106.

The rotor blade 1 has a pitch bearing 9a. The pitch bearing 9a Is spaced apart from the
flange 7 at a distance A1. The pitch bearing 9a is preferably embodied as moment or (multi-
row) four-point bearing. The pitch bearing 9a is fastened by a carrier 11 to an inner bearing
rnng. The carrier 11 has the flange 7 and is fixedly anchored to the rotor hub 106. On its
outer ring, the pitch bearing 9a is fixedly connected to an outer structure 13, so that the
outer structure 13 Is supported so as to be capable of being rotated relative to the carrier
11 by means of the pitch bearing 9a. The pitch bearing 9a defines a pitch axis P, about
which the rotor blade 1 or the outer structure 13 thereof, respectively, can be adjusted

about the angle 3 in the angle of attach.

In a preferred alternative, the pitch mounting additionally has a support bearing 9b, which
IS arranged on the carrier 11 at a distance Az to the flange 7 and which additionally supports

the outer structure 13.

The outer structure 13 is preferably embodied as a homogenous part, in the case of which
an overlap area between the carrier 11 and the outer structure 13 results in the area 13Db.
In a preferred alternative, the outer structure 13 is embodied in several parts and has a first
part 13a and a second part 13b, which are either coupled to one another or which are each

coupled to one another by means of the bearing 9a.

In the area of an overlap between the outer structure 13 and the carrier 11, the pitch plane
moves toward the blade root 3 in the direction of the flange 7 to the extent of the design of
the overlap. In the shown exemplary embodiment of Figure 2a, the pitch plane would be at
the location identified by E2 Iin the case of an assumed homogenous outer structure 13, In

which the areas 13a and 13b rotate.
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The mode of operation of a pitch mounting according to the invention will be explained
below under the assumption that the pitch mounting only has the pitch bearing 9a: On the
one hand, the force F2 acts on the rotor blade in the area 13a of the outer structure, and
the force F1 acts in the area 13b. The force F1 has a lever arm |1 to the pitch bearing 9a,
while the force F2 has a lever arm |2 to the pitch bearing 9a. The resulting tilt moment M
results according to the equation M =F2x |- F1x |1. In comparison, the resulting tilt moment
would be significantly larger, if the pitch mounting were arranged directly on the flange 7.
The moment would then result from the sum of the force F1 multiplied by its distance to the
flange, and the sum F2 multiplied by its distance to the flange 7. It is iImmediately obvious
that that resulting movement would be larger by a wind turbine multiple than the resulting

tilt moment according to the invention.

The stability of the rotor blade 1 is additionally improved by the use of the additional pitch
bearing 9b.

Figure 2b shows an embodiment of a rotor blade 1°, which is an alternative to Figure 2a,
for a wind turbine 100°. In that embodiment, in which only the area 13a acts as outer struc-
ture, the carrier 11 is no longer embodied as being located on the inside, but as hollow
body being located on the outside and preferably acts as blade coating 16 on the outside
between the pitch plane E and the blade root. The outer structure 13a has a shaft end 14,
which is rotatably supported in the carrier 11. The area 13a is the pitched part of the rotor
blade, while a part 13c¢, which Is not pitched, is embodied between pitch plane E and the

flange 7.

In the exemplary embodiment according to Figures 2a, b, the pitch axis P corresponds
approximately to a longitudinal axis of the rotor blade, which extends from the middle of the
blade root 3 to the middle of the blade tip 5.

In the exemplary embodiment shown in Figure 3, this iIs somewhat different. Figure 3 also
illustrates a wind turbine 100" according to the invention, but comprising a rotor blade 17,
which differs from the illustration according to Figure 2. The rotor blade 1" also has a blade
root 3 and a blade tip 5. A flange 7 Is embodied on a carrier 11 and is connected to the
rotor hub 106. The outer structure 13 of the rotor blade 1° can also be adjusted by an angle
B about the pitch axis P. The rotor blade 1° is divided into a non-pitched part 13a and a
pitched part 13¢ by means of the (non-illustrated) pitch mounting in a pitch plane E,
wherein, as a result of the nonexistent overlap, the non-pitched part is characterized by the

carrier 11, and the pitched part by the outer structure 13.
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The significant difference to the illustration according to Figure 2 is that the carrier 11, which
has a carrier axis Z, i1s angled with the carrier axis Z by an angle a relative to the pitch axis
P, so that the outer structure 13 and the pitch axis P are spaced apart farther from a vertical
axis T of the tower 102 of the wind turbine 100’ than the flange 7 on the blade root side end
of the rotor blade 1°. As a result of this angle a, the rotor blades 1" are moved away farther
from the vertical axis T of the tower 102 of the wind turbine 100°, whereby the free travel F
of the tower Is increased while the rotor blade length remains the same or the rotor blade
1" can be embodied so as to be longer until reaching a minimally prescribed free travel of
the tower, respectively. As a result of the design according to the invention, a highly com-

pact nacelle or machine housing size, respectively, is additionally attained, suggested by
reference numeral 104",

It follows from the above discussions that a wind turbine, which is improved In its function

load situation, can be attained by complying with the aspects according to the invention.
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Patentkrayv

1. Vindenergianleeg-rotorvinge (1, 1', 1) med

en vingerod og en vingespids (9),

en flange (7), der er anbragt pa vingerodsiden, til fastgarelse af rotorvingen pa
et rotornav af et vindenergianleeg, og

et pitchleje (9b, 9a) til indstilling af rotorvingens pitchvinkel (), hvor rotorvin-
gen omfatter en ikke-pitchtet baerer (11), hvorpa flangen (7) er udformet, hvor
pitchlejet (9b, 9a) er fastgjort pa beereren (11) og er anbragt med afstand til
flangen (7) 1 retning af vingespidsen (9),

kendetegnet ved, at baereren (11) mellem pitchlejet (9a, b) og flangen (11)
har et afsnit, der er vinklet i forhold til pitchaksen (P) pa en sadan made, at
pitchaksen (P), nar rotorvingen er monteret pa vindenergianleegget, har starre
afstand til en tarnakse (T) af vindenergianleegget (100') end flangen (7).

2. Rotorvinge (1, 1', 1") ifelge krav 1,

hvor rotorvingen endvidere har en yderstruktur (13), hvorpa den aerodynami-
ske vingeoverflade, som vinden strammer omkring, er udformet, og yderstruk-
turen ved hjeelp af pitchlejet (9a, 9b) er lejet drejeligt omkring en pitchakse (P)
pa baereren (11).

3. Rotorvinge (1, 1', 1") ifelge krav 2,
hvor pitchlejet omfatter et enkelt leje (9a), der optager aksialbelastninger, ra-
dialbelastninger og vippemomenter mellem yderstrukturen (13) og beereren

(11).

4. Rotorvinge (1, 1', 1") ifelge krav 1 eller 2,

hvor pitchlejet omfatter et farste leje (9a), der 1 det mindste optager aksialbe-
lastninger, fortrinsvis aksialbelastninger og radialbelastninger, seerligt foretruk-
ket aksialbelastninger, radialbelastninger og vippemomenter, og endvidere
omfatter et andet leje (9b) som stetteleje, der | det mindste optager radialbe-
lastninger.
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5. Rotorvinge (1, 1', 1") ifelge krav 4,
hvor det ferste leje (9a) har sterre afstand til flangen end det andet leje (9b).

6. Rotorvinge (1, 1, 1") ifelge et af kravene 1 til 5,

hvor rotorvingen har et pitchplan (E, E2), der 1 retning af vingespidsen (35) har
afstand til vingeroden (3), og rotorvingen langs pitchplanet er opdelt | en ikke-
pitchtet del (13c) og en pitchtet del (13a).

7. Rotorvinge (1, 1') ifelge et af de foregaende krav,
hvor der mellem yderstrukturen (13a) og baereren (11) er udformet et overlap-
ningsomrade (13b).

8. Rotorvinge Ifalge krav 7,
hvor der pa yderstrukturen (13a) er anbragt en akselende (14), der er lejret
drejeligt ved hjeelp af pitchlejet (9a) | baereren (11).

9. Rotorvinge Ifalge krav 7,
hvor beereren (11) er anbragt | yderstrukturen (13a).

10. Rotorvinge (1') ifelge et af de foregaende krav, iseer ifalge krav 9,
med en vingebeklaedning (16), der streekker sig mellem vingeroden (3) og
yderstrukturen (13a) |1 det vaesentlige indtil pitchplanet (E).

11. Vindenergianleeg (100, 100', 100™) med

en generator, fortrinsvis en synkrongenerator, et rotornav (10b), der er koblet
med generatoren til at drive den, og en eller flere rotorvinger (1, 1), der er
fastgjort til rotornavet (10b), til at drive rotornavet (10b),

kendetegnet ved, at rotorvingerne (1, 1') er udformet ifalge et af de forega-
ende krav.

12. Vindenergianleeg (100, 100", 100") ifelge krav 11,
hvor der til hver rotorvinge (1, 1', 1") er tilordnet et pitchdrev med et drevhjul,
der griber Ind | en fortanding.
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13. Vindenergianleeg (100, 100", 100") ifelge krav 12,
hvor fortandingen er anbragt pa yderstrukturen eller en akselende, der er til-
vejebragt pa yderstrukturen, eller direkte pa pitchlejet, fortrinsvis udformet pa

en lejering af pitchlejet.

14. Vindenergianleeg (100, 100", 100") ifelge krav 12 eller 13,
hvor fortandingen er udformet langs et vinkelomrade mellem 60° og 270°, for-

trinsvis mellem 90° og 180°.

15. Vindenergianleeg (100, 100°, 100") ifelge et af kravene 12 til 14, hvor for-
tandingen omfatter flere segmenter, der er pa raekke ved siden af hinanden.



DK/EP 3455493 T3

1/4

106




DK/EP 3455493 T3

2/4

: Tl N Nl

o < — X - .
By HAAAPAIAAPAR WP PAAATIRARAAPD A WAMMMAWMOAST MM WMOAVSNRAMNAVNG D BAMTAPMVMAITITH MM PAMANRRMAMAE DO  MOOMMEMITMORIN VW 5 WVHOMMAMMANE
...". o
3




DK/EP 3455493 T3

3/4

100’

(S
{6
i




DK/EP 3455493 T3

4/4

134 .,..-;;:.jﬁ'fi

_102




	Page 1 - ABSTRACT/BIBLIOGRAPHY
	Page 2 - ABSTRACT/BIBLIOGRAPHY
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - CLAIMS
	Page 13 - CLAIMS
	Page 14 - CLAIMS
	Page 15 - DRAWINGS
	Page 16 - DRAWINGS
	Page 17 - DRAWINGS
	Page 18 - DRAWINGS

