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(54) Title: DIRECT DRIVE WIND TURBINE

FIG 2

(57) Abstract: The invention discloses a direct drive wind turbine (1) comprising a plurality of blades connected to a hub (6), a
generator comprising a stator (12) and a rotor (10), the stator (12) being fixed on a nacelle (4) of the wind turbine (1) and a rota-
tion sensor having a static element (30) and a moving element (34). The hub (6) is directly connected to the rotor (10) of the gen-
erator. The static element (30) of the rotation sensor is mounted on a stationary element of the wind turbine, in particular the stator
(12), at a distance from the rotation axis (R) of the hub (6), and the moving element (34) of the rotation sensor is mounted on the
rotor (10) of the generator at a distance from the rotation axis (R) of the hub (6).
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Description
Direct drive wind turbine

The invention relates to a direct drive wind turbine, com-
prising a plurality of blades connected to a hub, a generator
comprising a stator and a rotor, whereby the stator is fixed
on a nacelle of the wind turbine and the hub is directly con-
nected to the rotor, and a rotation sensor having a static

element and a moving element.

The wind turbine comprises a tower on which a nacelle is
mounted by a yaw turning system. The nacelle supports a hub
to which the blades are connected. In a conventional wind
turbine the hub turns a main shaft which in turn drives a
gear of a gearbox connected to a generator. In such wind tur-
bines, the hub and main shaft rotate with a comparably low
speed, whereas the generator rotates with a comparably high
speed in order to achieve the network frequency, i.e. 50 Hz
or 60 Hz, as required by the power networks to which the wind

turbine is connected.

In order to reduce the production and maintenance costs asso-
ciated with an additional gearbox, direct drive wind turbines
are being introduced into wind parks. The principle of opera-
tion of a direct-drive wind turbine is disclosed in

EP 2 157 314 Al, which is incorporated herein by reference,
and in "Windkraftanlagen", Robert Gasch und Jochen Dreher,
EWS., 6™ edition 2010, Vieweg + T&ubner.

In a direct drive wind turbine, the generator rotates with
the speed of the rotor, since the rotor is directly structur-
ally coupled to the hub, without any gearbox. For control of
the wind turbine it is essential to keep the speed of the hub
within an acceptable range. Therefore, the rotational speed
of the hub must be monitored closely. To this end, a direct-
drive wind turbine generally comprises a rotation sensor for

monitoring the rotational velocity of the hub.
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In a state of the art direct drive wind turbine described in
Us 7,431,567 Bl, the rotation sensor is suspended between the
hub and the stator of the generator. Since there is no shaft
in such a wind turbine, the rotation sensor is mounted on
supports to keep the rotation sensor in place. Because the
rotation sensor is large and is suspended in the cavity of
the stator, access to components such as the hub is partially
blocked, so that maintenance is made more difficult and time-
consuming. For example, parts of the rotation sensor may
first have to be dismantled in order to gain access to a cav-
ity of the hub. Furthermore, this type of rotation sensor can
only provide a low resolution of measurement, and also re-
sults in inaccuracies owing to movement between the hub and
the stator. In order to accurately measure the rotational
speed of the hub to be able to control the wind turbine, a
minimum resolution of at least 300 steps or samples per revo-

lution of the hub is necessary.

It is therefore an object of the present invention to provide
an improved rotation sensor for a direct drive wind turbine

which avoids the problems outlined above.

The object of the present invention is achieved by a direct

drive wind turbine according to claim 1.

The object of the present invention is achieved by a direct
drive wind turbine comprising a plurality of blades connected
to a hub, a generator comprising a stator and a rotor,
wherein the stator is fixed on a nacelle of the wind turbine
and a rotation sensor having a static element and a moving
element. The hub is directly connected to the rotor of the
generator. The term "directly connected" within the context
of a direct drive wind turbine is to be interpreted such that
there is a gear connected between the hub including the
blades and the rotor of the generator. The hub may be struc-
turally connected to the rotor of the generator, e. g. by a

structure element. The static element of the rotation sensor
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is mounted on a stationary element of the wind turbine, in
particular the stator, at a distance from the rotation axis
of the hub and the moving element of the rotation sensor is
mounted on the rotor of the generator at a distance from the

rotation axis of the hub.

The term "rotation axis" does not require that the hub be
connected to a shaft or other physical axis. The "rotation
axis" should be interpreted to define the axis about which
the hub rotates. The hub may be connected to a hollow shaft,
with a comparably large diameter, that rotates around a vir-

tual axis of rotation.

The moving element and the stationary element of the rotation
sensor are arranged at a distance from the rotation axis,
which distance preferably comprises at least 25%, preferably
at least 45%, more preferably at least 75%, most preferably
at least 90% of the radius of the stator or rotor of the gen-
erator. If the moving element of the rotation sensor is posi-
tioned further away from the rotation axis of the hub, the
rotation can be measured more accurately, even at low speeds
of the hub, since measurement means can be arranged with a
smaller angular separation on the moving element, compared to
a moving element having a smaller distance from the rotation
axis of the hub. Moreover, if - in a preferred embodiment -
the moving element and the stationary element of the rotation
sensor are arranged outside or at a radial border area of a
cavity extending through the stator into the hub, maintenance
staff may comfortably move through the stator cavity into the
hub without encountering any significant obstacle and without

the need to remove parts of the sensor.

Moreover, if - in a preferred embodiment - the moving element
and the stationary element of the rotation sensor are ar-

ranged outside of a cavity of the
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Particularly advantageous embodiments and features of the in-
vention are given by the dependent claims, as revealed in the

following description.

The direct drive wind turbine may comprise a main bearing
adapted to accommodate axial and radial forces. The main
bearing may be located closer to the hub than a secondary
bearing that can only accommodate radial loads. The moving
element of the rotation sensor is arranged on a rotor portion
that is proximal to the main bearing. A rotor portion of a
generator proximal to the main bearing is supported in a more
stable manner than a rotor portion of a generator being dis-
tal to a main bearing. Accordingly, a higher accuracy can be
obtained if the moving element of the rotation sensor is ar-
ranged on a rotor portion that is proximal to the main bear-

ing.

The moving element of the rotation sensor may be arranged on
a rotor portion that accommodates the main bearing. For exam-
ple, the moving element of the rotation sensor may be ar-
ranged on a side wall or flange of the rotor that accommo-

dates the main bearing.

The moving element of the rotation sensor may be arranged on
a rotor portion provided on the same side as the main bear-

ing.

The moving element of the rotation sensor may be arranged on
a rotor portion that is distal to the main bearing. Particu-
larly, the moving element of the rotation sensor may be pro-
vided on a side of the generator that is opposite to the

side, where the main bearing is located.

This arrangement has the advantage that the rotation sensor
is accessible for maintenance, since the rotation sensor can
be arranged outside the generator. However, this arrangement

has the disadvantage that accuracy is reduced, since the ro-
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tation sensor is arranged at a greater distance from the main

bearing. Thereby, tolerances and play are increased.

The moving element of the rotation sensor may be arranged on
an inner surface of an outer rotor portion and the static
element of the rotation sensor may be arranged on an outer
stator portion opposite to the moving element of the rotation
sensor. The radially outer rotor portion may be in the outer
wall of the rotor. The outer portion of the stator may be the

outer wall of the stator.

The rotor of the generator may be arranged around the stator
of the generator. The stator of the generator may comprise an
axially extending cavity essentially co-linear with the axis
of rotation of the hub. The cavity is foreseen to provide ac-
cess to the hub for maintenance purposes for maintenance
staff. Preferably, the cavity has such a height that mainte-
nance staff can walk through the cavity, i.e. the cavity is
sufficiently large to allow an average-sized adult human to
move through the stator cavity into a hub cavity. Therefore,
a diameter of the cavity may comprises at least 1 m, more

preferably at least 1,5 m, most preferably at least 2,5 m.

The moving element of the rotation sensor may be arranged ad-
jacent to a brake disc. The portion of the rotor on which the
brake disc is arranged must be ridged accordingly. Accuracy

can be increased if the moving element of the rotation sensor

is arranged on the rotor adjacent to a brake disc.

The moving element of the rotation sensor may comprise an an-
nular shape, for example a flat ring. On the ring, a plural-
ity of indentations or slots, holes, grooves and the like are
provided as measurement means or scale elements. Alterna-
tively, the moving element of the rotation sensor may be
formed integrally with the rotor, i.e. the moving element may
be incorporated in the rotor. Indentations, slots, holes,
grooves and the like may be formed in the rotor of the gen-

erator. The plurality of indentations, slots, holes and the
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like arranged around the ring or the rotor may act as a
scale. Two different scales can be formed on the ring or on

the rotor for reasons of redundancy.

The static element of the rotation sensor may comprise a
Hall-effect sensor and/or an optical sensor. The Hall-effect
sensor and/or the optical sensor may be adapted to detect the
indentations, slots, holes, grooves and the like on the
static element. The Hall-effect sensor may be adapted to de-
tect the protrusions, slots, holes, grooves and the like of
the first scale on the static element of the rotation sensor,
whereas the optical sensor may be configured to detect the
indentations, slots, holes, grooves and the like of the sec-
ond scale of the static element of the rotation sensor.
Thereby, redundant measurement results can be achieved that
can be verified for consistency. By employing two different
sensor types, a highly redundant rotation sensor for a direct

drive wind turbine can be achieved.

The moving element of the rotation sensor may comprise a ref-
erence element indicating the absolute position of the moving
element. The reference element may be a larger indentation, a
larger slot, a larger hole, a larger groove, etc. Determining
the absolute position of the rotor and/or of the hub may fa-
cilitate maintenance and compensating dynamic effects of the
hub and the blades.

Other objects and features of the present invention will be-
come apparent from the following detailed description consid-
ered in conjunction with the accompanying drawings. It is to
be understood, however, that the drawings are designed solely
for the purposes of illustrations and not as a definition of

the limits of the invention.

FIG. 1 shows a schematic cross-section of a first embodiment
of a direct-drive wind turbine according to the present in-

vention;
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FIG. 2 shows a schematic cross-section of a second embodiment
of a direct-drive wind turbine according to the present in-

vention;

FIG. 3 shows a schematic cross-section of a third embodiment
of a direct-drive wind turbine according to the present in-

vention;

FIG. 4 shows a schematic cross-section of a fourth embodiment
of a direct-drive wind turbine according to the present in-

vention; and

FIG. 5 shows a rotating element of a rotation sensor having

two redundant scales.

In the drawings, like references refer to like objects
throughout. Objects in the drawings are not necessarily drawn

to scale.

Fig. 1 shows a schematic cross-section of a first, preferred
embodiment of a direct-drive wind turbine 1 according to the
present invention. The wind turbine 1 comprises a nacelle 4
supported by a vertical tower 2. For the purposes of illus-
tration, the nacelle 4 is shown horizontally, although the
nacelle is usually inclined to the vertical axis of the tower
2 when installed in a wind park. The nacelle 4 comprises a
stator 12 connected to a stator cavity 14 having a floor 26.
Maintenance staff may walk through the stator cavity 14 on
the floor 26 in order to access components of the wind tur-

bine 1.

The wind turbine 1 further comprises a yaw system 24 to allow

the nacelle 4 to rotate with respect to the tower 2.

Further, the wind turbine 1 comprises a hub 6 having blade
attachments 8 on which the blades (not shown) may be mounted.
The hub 6 is connected to the generator rotor 10 directly. No

gear 1s connected between the hub 6 and the rotor 10. The ro-
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tor is supported by a main bearing 16 that can accommodate
radial and axial loads, and a secondary bearing 18 on the
stator that can only bear radial loads. The construction of
the hub 6 and the connection of the hub 6 to the stator 12 is
such that maintenance staff may walk through the stator cav-

ity 14 into a cavity in the hub 6.

The rotor 10 comprises magnets 22. The stator 12 comprises

windings 20.

The stator 12 is supported by a stator support 28 that ex-
tends on a wall of the stator cavity 14 radially outward. The
stator comprises an outer stator portion 14 acting as a sup-

port for the windings 20 and the secondary bearing 18.

The generator rotor 10 is supported by the main bearing. Par-
ticularly, the generator rotor 10 comprises a front rotor
flange 34 supported by the main bearing 16. The front rotor
flange 34 supports an outer rotor wall 36 which is also sup-
ported by a rear rotor flange 38 supported by the secondary
bearing 18.

This type of wind turbine does not comprise a shaft that is
located at the axis of rotation of the hub 8 and the rotor
10. Therefore, this type of direct drive wind turbine can
provide a stator cavity enabling maintenance staff to access
the hub 6. Further, the hub 6 is mechanically coupled with
the rotor 10 of the generator by a structure element, such as
a tubular body. There may be no bearing interconnected be-
tween the hub 6 and the rotor 10. This type of direct drive
wind turbine is also discussed in EP 2 157 314 Al.

With reference to FIG. 1, the first embodiment of a direct
drive wind turbine having the inventive rotation sensor 30,
34 is described. The rotation sensor comprises a static ele-
ment 30 and a movable element 34. The static element 34 may
comprise a Hall-effect sensor and/or an optical sensor. The

movable element 34 may be a disc comprising grooves, slots,
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indentations, holes and the like that can be detected by the
sensor of the static element 30. The static element 34 can be
formed integral with the rotor 10. In the first embodiment,
the moving element 34 may be formed integral with the front

rotor flange 32.

The first embodiment is shown in Fig. 1. The static element
30 of the rotation sensor is arranged on the stator support
28 arranged on a stator cavity wall 48 of the stator cavity.
The movable element 34 of the sensor is arranged on the front
rotor flange 32 supported by the main bearing 16. The movable
element 34 is radially spaced apart from the axis of rotation
R of the hub 6. Therefore, the movable element 34 comprises a
large circumference and thus provides a comparable high reso-
lution. The larger the radial distance of the movable element
34 of the rotation sensor from the rotation axis R, the
higher the resolution of the rotation sensor. Although the
movable element 34 of the rotation sensor is spaced apart
from the rotational axis R for a comparably high wvalue, the
movable element 34 of the rotation sensor is still located

close the main bearing 16.

As mentioned before, the main bearing 16 supports the rotor
10 and particularly the front rotor flange 32. Accordingly,
the front rotor flange 32 and the movable element 34 are sup-
ported in a comparatively rigid manner and exhibit a compara-
tively small play compared to components arranged close to
the secondary bearing 18, which only provides support in the
radial direction. Accordingly, the first embodiment provides
a direct drive wind turbine having a rotation sensor 30, 34

providing a comparably high accuracy.

Reference is made to Fig. 2, which shows a second embodiment
of a direct drive wind turbine having a rotation sensor 130,
134. The static element 130 of the sensor is located on an
outer stator portion 40. The moving element 134 of the rota-
tion sensor is located on the inner surface of an outer rotor

wall 36. The moving element 134 of the rotation sensor may be
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a disc having a scale, such as a series of indentations,
slots, grooves, holes and the like, or may be formed inte-
grally with the outer rotor wall 36. This embodiment provides
the advantage that the static element 130 of the rotation
sensor may be accessed for maintenance purposes. Further, the
movable element 134 of the rotation sensor is spaced apart
further from the axis of rotation R compared to the rotation
sensor according to the first embodiment shown by Fig. 1.
Therefore, the movable element 134 provides a higher resolu-
tion as compared to the first embodiment. However, the outer
rotor wall 36, on which the movable element 134 of the rota-
tion sensor isolated, is mainly supported by the secondary
bearing 18 providing only radial support to the rear rotor
wall 38 and thus to the outer rotor flange 36. Accordingly,
the movable element 134 of the rotation sensor may exhibit a
greater degree of play, which may potentially reduce the

overall accuracy.

Reference is made to Fig. 3 showing a third embodiment of the
direct drive wind turbine having the inventive rotation sen-
sor. A brake disc 40 or brake flange 40 may be mounted on the
rear rotor flange 38. The movable element 234 may be mounted
next to the brake disc 40 or on the rear rotor flange 38. The
fixed element 230 of the rotation sensor may be connected to
a rear stator support 228. In this embodiment, both the
static element 230 and the moving element 234 of the rotation
sensor are accessible by maintenance staff. Neither the
static element 230 nor the moving element 234 is covered by
any part of the rotor 10 or stator 12. The moving element 234
of the rotation sensor can be incorporated in the rotor rear
flange 38.

Since the movable element 234 of the rotation sensor is lo-
cated near the secondary bearing 18, which only provides ra-
dial support, the movable element 234 may be subject to axial
play and deviation from the axial position. Thus, the static
sensor element 230 must have a detection range larger than

the axial position tolerance of the static element 234.
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Fig. 4 shows a fourth embodiment of the direct drive wind
turbine having the inventive rotation sensor. In the embodi-
ment of Fig. 3 the scale of the movable element 234 has to be
detected in the axial direction. In the embodiment of Fig. 4
the scale of the movable element 334 has to be detected in
the radial direction. As with the embodiment according to
Fig. 3 the movable element 334 of the rotation sensor is ar-
ranged on the rear rotor flange 38. The brake disc 50 may be
provided on the rear rotor flange 38. The static element 330
of the rotation sensor may be provided on a rear stator sup-
port 328. The movable element 334 of the rotation sensor is
located close to a secondary bearing 18 only providing sup-
port in the radial direction. Accordingly, the scale of the
movable element 334 may have a play in the axial direction.
However, such play or position tolerance of the movable ele-
ment 334 does not change the distance between the static sen-
sor element 330 comprising a detection unit such as a Hall-
effect sensor and/or an optical sensor. Thereby, reliability
of the rotation sensor can be increased as compared to the
embodiment of Fig. 3. The scale of the movable element 334
must have such an axial length that at least a part of the
scale can be determined by the static sensor element 330 in-
dependent of the axial position of the movable sensor element
334.

As with the third embodiment according to Fig. 3, the fourth
embodiment provides the advantage that both the static sensor
element 330 and the movable sensor element 334 are accessible

for maintenance purposes.

Fig. 5 shows an exemplary static element 34 of the rotation
sensor. The static element 34 comprises two scales arranged
radially spaced apart. Each scale comprises scale elements 42
that may be formed by holes, slots, grooves, indentations and
the like. The scale element 42 is detected by the static ele-
ment of the rotation sensor, such as a Hall-effect sensor

and/or an optical sensor. Fig. 5 shows the redundant arrange-
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ment of two such scales. The scale elements 42 of the ra-
dially inner scale may be detected by a Hall-effect sensor.
The scale element 42 of the radially outer scale may be de-
tected by an optical sensor. Thereby, the rotation freguency

of the generator rotor may be determined redundantly.

The inner scale of the movable element comprises an inner
reference element 44. The inner reference element 44 is lar-
ger in size than the other scale elements 42. Thereby, the
absolute position can be determined. The radially outer scale
comprises an outer reference scale element 46. The inner ref-
erence scale element 44 may be detected by a first detecting
unit arranged on the static sensor element, and the outer
reference scale element 46 may be detected by the second de-
tecting unit arranged on the static sensor element. Thereby,
the reference position may be determined independently by the
first and second detecting unit. Since the inner reference
scale element and the outer reference scale element are ar-
ranged on different angular positions, the reference position

can be determined redundantly.

Although the present invention has been disclosed in the form
of preferred embodiments and variations thereon, it will be
understood that numerous additional modifications and varia-
tions could be made thereto without departing from the scope

of the invention.

For the sake of clarity, it is to be understood that the use
of "a" or "an" throughout this application does not exclude a
plurality, and "comprising" does not exclude other steps or
elements. A "unit" or "module" can comprise a number of units

or modules, unless otherwise stated.
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Claims
1. Direct drive wind turbine (1), comprising:

- a plurality of blades connected to a hub (0);

- a generator comprising a stator (12) and a rotor(10),
the stator (12) being fixed on a nacelle (4) of the wind
turbine (1); and

- a rotation sensor having a static element (30; 130;
230; 330) and a moving element (34; 134; 234; 334);
wherein the hub (6) is directly connected to the rotor
(10),

wherein the static element (30; 130; 230; 330) of the ro-
tation sensor is mounted on a stationary element of the
wind turbine, in particular the stator (12), at a dis-
tance from the rotation axis (R) of the hub (6) and that
the moving element (34; 134; 234; 334) of the rotation
sensor i1is mounted on the rotor (10) at a distance from
the rotation axis (R) of the hub (6).

2. Direct drive wind turbine (1) according to claim 1,
wherein the direct drive wind turbine (1) comprises a
main bearing (16) adapted to accommodate axial and radial
forces and wherein the moving element (34; 134; 234; 334)
of the rotation sensor is arranged on a rotor portion

that is proximal to the main bearing (16).

3. Direct drive wind turbine (1) according to claim 2,
wherein the moving element (34; 134; 234; 334) of the ro-
tation sensor is arranged on a rotor portion that accom-

modates the main bearing (16).

4., Direct drive wind turbine (1) according to claim 2 or 3,
wherein the moving element (34; 134; 234; 334) of the ro-
tation sensor is arranged on a rotor portion provided on

the same side as the main bearing (16).

5. Direct drive wind turbine (1) according to claim 1,
wherein the moving element (34; 134; 234; 334) of the ro-



10

15

20

25

30

35

WO 2011/116845

10.

11.

14 PCT/EP2010/070303

tation sensor is arranged on a rotor portion that is dis-

tal to the main bearing (16).

Direct drive wind turbine (1) according to claim 1,
wherein the moving element (34; 134; 234; 334) of the ro-
tation sensor is arranged in the inner surface of an
outer rotor portion (36) and the static element (30; 130;
230; 330) of the rotation sensor is arranged on an outer
stator portion (40) opposite to the moving element (34;
134; 234; 334) of the rotation sensor.

Direct drive wind turbine (1) according to any one of
claims 1 to 6, wherein the moving element (34; 134; 234;
334) of the rotation sensor is arranged on or close to a
brake disk (50).

Direct drive wind turbine (1) according to any one of
claims 1 to 7, wherein the rotor (10) is arranged around
the stator (12).

Direct drive wind turbine (1) according to any one of
claims 1 to 8, wherein the stator (12) comprises an axi-
ally extending cavity essentially co-linear with the axis
of rotation (R) of the hub (6), wherein the cavity (14)
is dimensioned to provides access to the hub (6) for
maintenance purposes, wherein a diameter of the cavity
(14) comprises at least 1 m, more preferably at least 1,5

m, most preferably at least 2,5 m.

Direct drive wind turbine (1) according to any one of
claims 1 to 9, wherein the moving element (34; 134; 234;
334) of the rotation sensor comprises an essentially flat
annular shape (34; 134; 234; 334).

Direct drive wind turbine (1) according any one of claims
1 to 10, wherein the moving element (34; 134; 234; 334)
of the rotation sensor is formed integrally with the ro-
tor (10).
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12.

13.

14.

15

Direct drive wind turbine (1) according any one of claims
1 to 11, wherein the static element (30; 130; 230; 330)
of the rotation sensor comprises a Hall-effect sensor

and/or an optical sensor.

Direct drive wind turbine (1) according any one of claims
1 to 12, wherein the moving element (34; 134; 234; 334)
of the rotation sensor comprises a reference element (44,
46) indicating the absolute position of the moving ele-
ment (34; 134; 234; 334).

Direct drive wind turbine (1) according any one of claims
1 to 13, wherein the moving element (34; 134; 234; 334)

of the rotation sensor comprises two redundant scales.



WO 2011/116845

PCT/EP2010/070303

1/5

2
vz s
N
T .2 D
o]
pl 4
a 9
oy O ¢+ 0g
8l f
g
J | ( /
%701 2z o8

1 Ol



WO 2011/116845

PCT/EP2010/070303

2/5

2
vz S
N
T . 2 D >~
o7
pl 82,
4 \ ) 4
8% gy O3 GF 02 Qa2
gl
wm \: . \ Mwaaa‘ Nm w @
%7 01 72
pel

¢ 9l



WO 2011/116845

PCT/EP2010/070303

3/5

Z
v :
N
e >
9l
! 822
a ol . 4
87 ez 6L 0¢ Q S 2
gl
M i ol TR 9
88706 95 01 72

€ Ol



WO 2011/116845

PCT/EP2010/070303

4/5

2N
8606 9¢ 01 22

¥ Ol



5/5




	Page 1 - front-page
	Page 2 - description
	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 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings

