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DESCRIPTION

A bearing arrangement and a wind turbine

[0001] The present invention relates to a bearing arrangement for a wind turbine and to a wind
turbine.

[0002] Modern wind turbine rotor blades are built from fiber-reinforced plastics. A rotor blade

typically comprises an airfoil having a rounded leading edge and a sharp trailing edge. The
rotor blade Is connected with its blade root to a hub of the wind turbine. Further, the rotor blade

IS connected to the hub by means of a pitch bearing that allows a pitch movement of the rotor

blade relative to the hub. Such pitch bearings are often provided as sliding or friction bearings.
Removal of material as a consequence of wear may be an important design parameter. If the
wear rate exceeds the reserve it may result in failure of the pitch bearing.

[0003] WO 2013/057273 A1 shows a method for determining the load onto a roller bearing,
wherein the roller bearing has at least two bearing rings and roller elements between the
bearing rings. To determine the load onto the bearing the method comprises the steps: a)
emitting a radially directed ultrasonic signal from a radial inner or outer surface of one of the
bearing rings into the roller bearing by means of an ultrasonic sound generator; b) sensing an
ultrasonic signal at the radial inner or outer surface which iIs reflected at the transition zone

between the bearing ring and the roller elements by means of a receiver; c)measurement of
the time of flight between the emission of the ultrasonic signal and the return of the reflected
ultrasonic signal and calculation of the location of the transition zone from the measured time

of flight, d) calculation of the radial displacement by comparison of the calculated location of
the transition zone and the location of the transition zone In a load free status of the bearing

and/or its rings; e) calculation of the load onto the bearing from the radial displacement. WO
2013/057273 A1 discloses a bearing arrangement according to the preamble of claim 1.

[0004] EP 3 135 928 A1 shows a sliding component comprising: a first sliding part which is
non-conductive and which has a sliding surface; and a conductive member provided in the first

sliding part or provided on a side opposite to the sliding surface of the first sliding part.

[0005] DE 10 2005 053 335 A1 shows an ultrasound sensor which iIs located in a bore In the
bearing ring at a precisely determined spacing from the running surface. The sensor is used to
measure the spacing between the contact surface of the sensor and the one or more traces of
wear In the running surface. The difference between the two spacings is determined. Should a
given value of distance between the spacings be exceeded, a signal is given.

[0006] EP 2 511 521 A1 shows a pitch bearing for connecting a blade of a wind turbine to a
hub of the wind turbine to allow a rotation of the blade about a longitudinal axis, which pitch
bearing comprises a console housing arranged at a conjunction of the hub and an end section
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of the blade, which console housing encloses a plurality of planar sliding surfaces arranged
around an opening in the hub.

[0007] It Is one object of the present invention to provide an improved bearing arrangement.

[0008] Accordingly, a bearing arrangement for a wind turbine i1s provided. The bearing
arrangement comprises a first portion, a second portion, and a sound wave sensor which Is
configured to detect a thickness of the second portion, wherein one of the first portion and the
second portion I1Is movable relative to the other of the first portion and the second portion, and
wherein the sound wave sensor Is configured to detect the thickness of the second portion
through the first portion.

[0009] In contrast to known bearing arrangements for wind turbines, the thickness of the
second portion which for example Is exposed to wear may be actively detected. Thus, the
Information of the thickness is available at any time. Hence, a demand of an exchange of the
second portion can be precisely predicted and determined. This has the advantage that
needless maintenance can be avoided. Moreover, resources may be economized.

[0010] Preferably, the first portion comprises a sliding surface and the second portion
comprises a sliding surface which faces the sliding surface of the first portion. In particular, the
sliding surface of the second portion Is configured to slide, e.g. by means of an oll film, against
the sliding surface of the first portion. Preferably, the first portion iIs ring-shaped. In particular,
the sliding surface of the first portion 1s ring-shaped. Preferably, the sliding surface of the
second portion I1s ring segment-shaped. In particular, the bearing arrangement i1s a mixed
friction bearing or plane bearing.

[0011] "Detecting a thickness” may also mean that the thickness i1s measured. Preferably, the
sound wave sensor comprises a sound wave emitter which 1s configured to emit sound waves
and a sound wave receiver configured to receive reflected sound waves. In particular, the
sound waves may be named sound. Preferably, reflected sound waves may be named echo. In
particular, the sound waves are provided as ultrasonics or supersonics. Preferably, the sound
wave sensor Is an ultrasonic sensor.

[0012] According to the invention, the sound wave sensor Is configured to detect the thickness
of the second portion through the first portion.

[0013] This has the advantage that the first portion can be placed between the sound wave
sensor and the second portion. In particular, "through”™ may mean "throughout”. Preferably, the
sound wave sensor Is located at an outer surface of the first portion which i1s averted from the
sliding surface of the first portion, wherein the sound waves emitted by the sound wave sensor
propagate from the outer surface towards the sliding surface of the first portion.

[0014] According to a further embodiment, the sound wave sensor Is rigidly connected to the
first portion.
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[0015] Thus, the sound waves may be induced directly into the first portion.

[0016] According to a further embodiment, the sound wave sensor is glued to the first portion.
[0017] Thus, a reliable connection may be provided.

[0018] According to a further embodiment, the first portion comprises steel material.

[0019] Preferably, the first portion is a bearing ring or a part thereof. The outer surface of the
first portion may be located at an outer or outermost diameter of the first portion. Alternatively,
the outer surface of the first portion may be located at an inner or innermost diameter of the
first portion.

[0020] According to a further embodiment, the sound wave sensor is configured to detect the
thickness of the second portion during a movement of one of the first portion and the second
portion relative to the other of the first portion and the second portion.

[0021] This has the advantage that a gradient of the thickness of the second portion may be
detected.

[0022] According to a further embodiment, the second portion Is a sliding pad.

[0023] Preferably, the sliding pad is a replaceable portion of the bearing arrangement which
may be replaced during maintenance of the bearing arrangement.

[0024] According to a further embodiment, the bearing arrangement further comprises a
plurality of sliding pads arranged circularly around the first portion, wherein the plurality of
sliding pads Is configured to rotate around the first portion.

[0025] In particular, the second portion is comprised by the plurality of sliding pads. Preferably,
the sliding pads are connected to each other. In particular, each of the sliding pads is
configured to be disconnected separately from the other sliding pads. Preferably, 15 to 35,
more preferably 20 to 30, sliding pads are provided.

[0026] According to a further embodiment, the sound wave sensor Is configured to detect
thicknesses of at least two sliding pads.

[0027] Preferably, the sliding pad i1s one of the at least two sliding pads. This has the
advantage that only one sound wave sensor or a few sound wave sensors may be provided
and may be configured to detect thicknesses of all sliding pads of the bearing arrangement.

[0028] According to a further embodiment, the bearing arrangement further comprises a
further sound wave sensor which iIs configured to detect a further thickness of the second
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portion.

[0029] Preferably, three sound wave sensors are provided which are configured to detect three
thicknesses of the first portion. Alternatively, the three sound wave sensors are configured to
detect thicknesses of different sliding pads.

[0030] According to a further embodiment, the bearing arrangement further comprises a
lubricating film which 1s arranged between the first portion and the second portion, and which is
configured to lubricate a movement between the first and the second portion.

[0031] To "lubricate a movement” means that a friction coefficient between sliding surfaces is
reduced. Preferably, the lubricating film is an olil film.

[0032] According to a further embodiment, the sound wave sensor Is configured to detect the
thickness of the second portion through the lubricating film.

[0033] This, has the advantage that a convenient position of the sound wave sensor may be
selected.

[0034] Further, a wind turbine comprising such a bearing arrangement is provided.

[0035] "Wind turbine” presently refers to an apparatus converting the

wind's kinetic energy into rotational energy, which may again be converted into electrical
energy by the apparatus.

In particular, the wind turbine or the bearing arrangement comprises a computer device for
computing the thickness of the second portion from the received reflected sound waves.

[0036] According to an embodiment, the wind turbine comprises a hub and a blade which is
rotatably connected to the hub by means of the bearing arrangement.

[0037] Preferably, the wind turbine comprises three blades each connected to the hub by
means of such a bearing arrangement.

[0038] According to a further embodiment, the first portion Is fixedly connected to one of the

hub and the blade and the second portion Is fixedly connected to the other of the hub and the
blade.

[0039] The embodiments and features described with reference to the bearing arrangement of
the present invention apply mutatis mutandis to the wind turbine of the present invention.

[0040] Further possible implementations or alternative solutions of the Invention also
encompass combinations - that are not explicitly mentioned herein - of features described
above or below with regard to the embodiments. The person skilled in the art may also add
Individual or isolated aspects and features to the most basic form of the invention.
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[0041] Further embodiments, features and advantages of the present invention will become

apparent from the subsequent description and dependent claims, taken in conjunction with the
accompanying drawings, in which:

Fig. 1 shows a perspective view of a wind turbine according to one embodiment;
Fig. 2 shows a perspective view of a wind turbine blade of the wind turbine according to Fig. 1;

Fig. 3 shows a partial schematic view of one embodiment of a bearing arrangement of the wind
turbine according to Fig. 1;

Fig. 4 shows a schematic echo-time diagram of a sound wave sensor of the bearing
arrangement according to Fig. 3; and

Fig. 5 shows a partial schematic view of a further embodiment of a bearing arrangement of the
wind turbine according to Fig. 1.

[0042] In the Figures, like reference numerals designate like or functionally equivalent
elements, unless otherwise indicated.

[0043] Fig. 1 shows a wind turbine 1. The wind turbine 1 comprises a rotor 2 connected to a
generator (not shown) arranged inside a nacelle 3. The nacelle 3 Is arranged at the upper end
of a tower 4 of the wind turbine 1.

[0044] The rotor 2 comprises three wind turbine blades 5. The wind turbine blades 5 are
connected to a hub 6 of the wind turbine 1. Moreover, the blades 5 are connected to the hub 6
by means of a bearing arrangement 10 (see Fig. 3). The bearing arrangement 10 is configured
to bear the blade 5 such that a rotational movement between the blade 5 and the hub 6 may
occur. In particular, this rotational movement may be named pitch. Preferably, the bearing
arrangement 10 is a pitch bearing or blade bearing. Preferably, the bearing arrangement 10 is
a radial or plain bearing. Alternatively, the bearing arrangement 10 may be provided as a thrust
or axial bearing. In particular, all blades 5 of the wind turbine 1 are connected to the hub 6 by
means of such a bearing arrangement 10.

[0045] Rotors 2 of this kind may have diameters ranging from, for example, 30 to 200 meters
or even more. The wind turbine blades 5 are subjected to high wind loads. At the same time,
the wind turbine blades 5 need to be lightweight. For these reasons, wind turbine blades 5 In
modern wind turbines 1 are manufactured from fiber-reinforced composite materials. Therein,
glass fibers are generally preferred over carbon fibers for cost reasons. Oftentimes, glass
fibers In the form of unidirectional fiber mats are used.

[0046] Fig. 2 shows a wind turbine blade 5. The wind turbine blade 5 comprises an
aerodynamically designed portion 7 which is shaped for optimum exploitation of the wind
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energy and a blade root 8 for connecting the wind turbine blade 5 to the hub 6. Further, the
wind turbine blade 5 comprises a blade tip 9 which Is arranged averted from the blade root 8.
The wind turbine blade 5 extends Iin a longitudinal direction L. The bearing arrangement 10
(see Fig. 1) allows a rotational movement of the blade 5 around the longitudinal direction L
relative to the hub 6 (see Fig. 1).

[0047] Fig. 3 shows a partial schematic view of the bearing arrangement 10. The bearing
arrangement 10 comprises a first portion 11, a second portion 12, and a sound wave sensor
13 which 1s configured to detect a thickness 14 of the second portion 12. One of the first
portion 11 and the second portion 12 1s movable relative to the other of the first portion 11 and
the second portion 12.

[0048] The first portion 11 1s fixedly connected to one of the hub 6 (see Fig. 1) and the blade 5
(see Fig. 1) and the second portion 12 is fixedly connected to the other of the hub 6 and the
blade 5. Preferably, the second portion 12 is a sliding pad.

[0049] In particular, the bearing arrangement 10 comprises a plurality of sliding pads arranged
circularly around the first portion 11, wherein the plurality of sliding pads i1s configured to rotate
around the first portion 11. In particular, the plurality of sliding pads forms a bearing ring (not
shown). Preferably, the first portion 11 i1s ring-shaped. In particular, the first portion 11
comprises a steel material or i1Is completely made of steel material. Preferably, the second
portion 12 comprises a steel material or is completely made of steel material.

[0050] The first portion 11 comprises a sliding surface 15 and the second portion 12 comprises
a sliding surface 16 which faces the sliding surface 15 of the first portion 11. In particular, the
sliding surface 16 of the second portion 12 iIs configured to slide, e.g. by means of a lubricating
film 19, against the sliding surface 15 of the first portion 11. In particular, the sliding surface 15
of the first portion 11 Is ring-shaped. Preferably, the sliding surface 16 of the second portion 12
IS ring segment-shaped.

[0051] The sound wave sensor 13 Is configured to detect the thickness 14 of the second
portion 12 through the first portion 11.

Preferably, the sound wave sensor 13 comprises a sound wave emitter (not shown) which Is
configured to emit sound waves 17 and a sound wave receiver (not shown) configured to
receive reflected sound waves 18. The sound wave sensor 13 comprises an emitting direction
X for emitting the sound waves 17 towards the second portion 12. Preferably, the sound waves
17 firstly propagate through the first portion 11. Further, reflection at the surface 15 may occur.
Due to a reflection coefficient some of the sound waves 17 are reflected back to the sound
wave sensor 13 and some of the sound waves 17 propagate into the lubricating film 19. The
same occurs analogously when the sound waves 17 meet the surface 16 of the second portion
12, and again when the sound waves 17 hit a back surface 20 of the second portion 12 which
IS averted from the surfaces 15, 16.

[0052] Preferably, reflected sound waves 18 may be named echo. In particular, the sound
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waves 1/ are provided as ultrasonics or supersonics. Preferably, the sound wave sensor 13 Is
an ultrasonic sensor. In particular, the sound wave sensor 13 is rigidly connected to the first
portion 11. Preferably, the sound wave sensor 13 Is located at an outer surface 21 of the first
portion 11 which Is averted from the surfaces 15, 16, wherein the sound waves 17 emitted by
the sound wave sensor 13 propagate from the outer surface 21 towards the sliding surface 15
of the first portion 11. Preferably, the sound wave sensor 13 Is glued to the first portion 11.

[0053] The lubricating film 19 1s arranged between the first portion 11 and the second portion
12 and Is configured to lubricate a movement between the first portion 11 and the second
portion 12. Preferably, the lubricating film 19 1s an oll film. In particular, the sound wave sensor
13 1s configured to detect the thickness 14 of the second portion 12 through the lubricating film
19.

[0054] Preferably, the sound wave sensor 13 Is configured to detect the thickness 14 of the
second portion 12 during a movement of one of the first portion 11 and the second portion 12
relative to the other of the first portion 11 and the second portion 12. For example, a gradient
of the thickness 14 of the second portion 12 may be detected.

[0055] In particular, the sound wave sensor 13 Is configured to detect, e.g. sequentially,
thicknesses 14 of at least two sliding pads. For example, this may be executed if the sound
wave sensor 13 detects thicknesses 14 at different pitch positons of the blade 5 (see Fig. 1). In
particular, by a use of measuring or detecting gates it is possible to measure or detect the
thickness 14 when the sliding pad slides by the sound wave sensor 13. In this way it Is possible

to measure or detect several thicknesses of sliding pads by means of one sound wave sensor
13.

[0056] FIg. 4 shows a schematic echo-time diagram of the sound wave sensor 13 of the
bearing arrangement 10. The echo-time diagram comprises an echo-curve 26 symbolizing
reflected sound waves 18 (see Fig. 3), indicated by E, received by the sound wave sensor 13
over a time t. A first echo-peak 22 at a time t1 results from a reflection of sound waves 17 at
the surface 15 of the first portion 11. A second echo-peak 23 at a time t2 results from a
reflection of sound waves 17 at the surface 16 of the second portion 12. A third echo-peak 24
at a time t3 results from a reflection of sound waves 1/ at the back surface 20 of the second
portion 12.

[0057] By means of a first time difference At1 between the first and the second time t1, 12 a
thickness 25 (see Fig. 3) of the lubricating film 19 may be calculated. Moreover, by means of a
second time difference At2 between the second and the third time 12, t3 (and e.g. a known
wave velocity) the thickness 14 (see Fig. 3) of the second portion 12 may be calculated.

[0058] Preferably, the sound wave sensor 13 Is configured to detect the thickness 25 of the
lubrication film 19.

[0059] Fig. 5 shows a partial schematic view of a further embodiment of the bearing
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arrangement 10 of the wind turbine 1. The bearing arrangement 10 comprises a further sound
wave sensor 2/ (also indicated as second sound wave sensor) which Is configured to detect a
further thickness 28 (also Indicated as second thickness) of the second portion 12, e.g.
simultaneously with a detection of the thickness 14 (also indicated as first thickness) by means
of the sound wave sensor 13 (also indicated as first sound wave sensor).

[0060] Preferably, the bearing arrangement 10 comprises a third sound wave sensor 29 which
IS configured to detect a third thickness 30 of the second portion 12, e.g. simultaneously with a
detection of the thicknesses 14, 28 by means of the sound wave sensors 13, 2/. Hence 1t Is
possible to detect a reliable and consistent thickness 14, 28, 30 of the second portion 12 which
IS €.g. merely one sliding pad of the bearing arrangement 10.

[0061] It Is understood that features explained with regard to the sound wave sensor 13 e.g.
apply mutatis mutandis to the sound wave sensors 27, 29.

[0062] Although the present invention has been described In accordance with preferred
embodiments, it is obvious for the person skilled in the art that modifications are possible in all
embodiments within the scope of the appended claims.
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Patentkrav

1. Lejeindretning (10) til en vindmglle (1), omfattende en ferste del (11), en
anden del (12), og en lydbglgesensor (13), som er indrettet til at detektere en
tykkelse (14) af den anden del (12), hvor en af den farste del (11) og den anden
del (12) er bevaegelig 1 forhold til den anden af den ferste del (11) og den anden
del (12), og kendetegnet ved, at lydbalgesensoren (13) er indrettet til at de-
tektere tykkelsen (14) af den anden del (12) gennem den ferste del (11).

2. Lejeindretning ifelge krav 1,
hvor lydbglgesensoren (13) er stift forbundet med den farste del (11).

3. Lejeindretning Ifalge krav 2,
hvor lydbglgesensoren (13) er limet til den ferste del (11).

4. Lejeindretning ifelge et af kravene 1 - 3, hvor den farste del (11) omfatter
stalmateriale.

5. Lejeindretning ifelge et af kravene 1 - 4, hvor lydb@lgesensoren (13) er Ind-
rettet til at detektere tykkelsen (14) af den anden del (12) under en bevaegelse
af en af den ferste del (11) og den anden del (12) 1 forhold til den anden af den
forste del (11) og den anden del (12).

6. Lejeindretning ifalge et af kravene 1 - 5, hvor den anden del (12) er en gli-
depad.

7. Lejeindretning ifalge krav 6,

yderligere omfattende en flerhed af glidepads, der er anbragt cirkulaert omkring
den farste del (11), hvor flerheden af glidepads er indrettet til at rotere omkring
den ferste del (11).

8. Lejeindretning ifalge krav 7,
hvor lydbglgesensoren (13) er indrettet til at detektere en tykkelse (14) af
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mindst to glidepads.

9. Lejeindretning ifalge et af kravene 1 - 8, yderligere omfattende en yderligere
lydbalgesensor (27, 29), som er indrettet til at detektere en yderligere tykkelse
(28, 30) af den anden del (12).

10. Lejeindretning ifalge et af kravene 1 - 9, yderligere omfattende en smare-
fllim (19), som er anbragt mellem den farste del (11) og den anden del (12), og

som er Indrettet til at smare en bevasgelse mellem den farste del (11) og den
anden del (12).

11. Lejeindretning Ifalge krav 10,
hvor lydbglgesensoren (13) er indrettet til at detektere tykkelsen (14) af den
anden del (12) gennem smarefilmen (19).

12. Vindmalle (1) omfattende en lejeindretning (10) ifelge et af kravene 1 - 11.

13. Vindmalle ifelge krav 12,
yderligere omfattende et nav (6) og en vinge (5), som er roterbart forbundet
med navet (6) ved hjaelp af lejeindretningen (10).

14. Vindmalle ifelge krav 13,
hvor den farste del (11) er fast forbundet med en af navet (6) og vingen (5), 0og
den anden del (12) er fast forbundet med den anden af navet (6) og vingen

(5).
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