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DESCRIPTION

Background

[0001] Most large wind turbines have rotor blades that can be pitched about their long axes.
The circular root end of a rotor blade terminates at a pitch bearing. A pitch system actuates
one or more drive motors in response to a command from the wind turbine controller to pitch
the rotor blade by a determined angular amount. A reliable lubrication of the pitch bearing is
very important for various reasons. Damage to a pitch bearing can result in wind turbine
downtime, with the attendant reduction in annual energy production. The reliability of the pitch
bearings is particularly relevant in the case of an offshore wind turbine because service
routines are expensive and hazardous.

[0002] A rotor blade of a large wind turbine can have a length in the region of 90 m, a mass in
the region of 50000 kg and a root end diameter in the order of 5 m. The pitch bearing of such
a large rotor blade may be realised as a roller bearing, a ball bearing, a slider bearing, etc. The
stationary part and the rotating part of the bearing are separated at all times by a film of oil or
grease. Since lubricant deteriorates over time, a pitch bearing is generally equipped with a
lubricant system which is able to replenish the lubricant as required.

[0003] Various lubrication systems are available, and most systems include a grease reservoir
and one or more feeder lines to grease inlets of the bearing. Controlled quantities of grease
are fed at intervals into the bearing. In a single-line lubrication system, a pump station delivers
lubricant through a single supply line to a lubricant metering device serving a single lubrication
point. A pitch bearing of a large rotor blade can have several such lubrication points. In a
progressive lubrication system, lubricant is continually transported to various lubrication points
as long as the lubricant pump is running. When the pump is halted, the pistons of a metering
device will also stop, and will "hold" their positions. When the pump starts supplying lubricant
again, the metering device pistons resume from those positions.

[0004] Grease deteriorates over time, and the waste grease must be removed and collected in
a controlled manner. The collected waste grease can then be removed, for example during a
scheduled service routine, and disposed of. In the known systems, the ejection of waste
grease depends on the injection of new grease. However, if any supply line is blocked, the
removal of waste grease is interrupted. CN107701902 A discloses an example of a known
system for collecting waste grease from a bearing.

[0005] Generally, the lubricant points are distributed evenly about a rotor blade pitch bearing,
and this symmetry is reflected in the waste grease collection. However, a wind turbine rotor
blade is not pitched about its entire 360°, and is generally only pitched within a narrower range,
e.g. over 90°. This leads to a problem of waste grease "pooling" in certain parts of the
lubrication system.



DK/EP 3904676 T3

[0006] It is therefore an object of the invention to provide a waste grease collection system that
overcomes the problems described above.

Description

[0007] This object is achieved by the grease collection arrangement of claim 1 for collecting
waste grease from a bearing lubrication circuit; and by the method of claim 12 of collecting
waste grease from a bearing lubrication circuit using such a grease collection arrangement.

[0008] According to the invention, the grease collection arrangement comprises a plurality of
grease extraction valves, wherein each grease extraction valve is connected to a grease outlet
of the bearing; an extraction circuit comprising a waste grease line extending between each
grease extraction valve and a common extraction line leading to a single grease depository; a
vacuum apparatus configured to create an under-pressure in the extraction lines; and a valve
controller configured to selectively open and close a grease extraction valve.

[0009] With the inventive grease collection arrangement, waste grease is effectively sucked
from the bearing grease outlets under vacuum. In contrast to prior art systems, the grease
extraction is essentially independent of the grease supply system, i.e. the grease extraction
events are independent of grease injection events.

[0010] A further advantage of the inventive grease collection arrangement is that, because the
valve controller can selectively open and close the grease extraction valves, waste grease is
selectively extracted, i.e. the waste grease will only be sucked through a grease extraction
valve that is open.

[0011] A further significant advantage is that the grease depository can be realised as a single
container, or a single container assembly, positioned at an easily accessible location. This is
because the extraction circuit is "fed” by all grease extraction valves, and the waste grease
lines all feed to the common extraction line.

[0012] According to the invention, the method of collecting waste grease from a bearing
lubrication circuit using such a grease collection arrangement comprises the steps of closing
the grease extraction valves; operating the vacuum apparatus to lower the pressure in the
extraction lines; and opening a grease extraction valve to allow passage of waste grease into
the extraction line and from there into the common extraction line. The cycle can be repeated
at regular intervals, or as required. The arrangement of extraction lines feeding to the common
extraction line may be referred to in the following as the "extraction circuit”.

[0013] According to the invention, a wind turbine rotor blade pitch assembly comprises a pitch
bearing at an interface between the rotor blade root end and a hub of the wind turbine. The
pitch assembly further comprises a lubrication system that is configured to deliver lubricant
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grease through a bearing lubrication circuit to grease inlets of the bearing. The pitch assembly
further comprises an embodiment of the inventive grease collector arrangement for extracting
waste grease from grease outlets of the bearing.

[0014] An advantage of the inventive rotor blade pitch assembly is that the waste grease is
extracted more reliably from the bearing. Furthermore, since the waste grease is collected in a
single depository, collection of the waste grease for disposal purposes can be carried out more
quickly and with less effort, compared to the known systems which can require that a
technician enter a crawl space to gain access to multiple small grease containers.

[0015] Particularly advantageous embodiments and features of the invention are given by the
dependent claims, as revealed in the following description. Features of different claim
categories may be combined as appropriate to give further embodiments not described herein.

[0016] In the following, it may be assumed that the rotor blade pitch assembly is for a large
wind turbine, i.e. a wind turbine with rotor blades having a length in the order of 90 m and a
root end diameter in the order of 5 m.

[0017] The vacuum system controller is configured to selectively actuate each grease
extraction valve between its open position and its closed position. The controller can actuate
each valve independently of the other grease extraction valves, and/or the controller can
actuate two or more grease extraction valves simultaneously.

[0018] In a preferred embodiment of the invention, the vacuum apparatus comprises a
vacuum pump configured to create a vacuum or under-pressure in the extraction circuit. This
can be done by closing all grease extraction valves and running the vacuum pump until the
pressure in the extraction lines has reduced to a maximum threshold level, preferably to a level
of at most 90% of the ambient pressure (e.g. 900 mbar when ambient pressure is 1 bar), more
preferably at most 85% of the ambient pressure (e.g. 850 mbar when ambient pressure is 1
bar). The effect of such a low pressure in the extraction circuit is that, as soon as a grease
extraction valve is opened, any waste grease will be sucked into the extraction line. The
"strength” of the under-pressure can be chosen according to the viscosity of the waste grease.

[0019] To collect the waste grease sucked into the extraction circuit, the inventive grease
collection arrangement preferably comprises a two-part vacuum chamber to route the waste
grease into a depository. In a preferred embodiment of the invention, the vacuum chamber is
arranged between the common extraction line and the vacuum pump, and comprises a first
chamber, a second chamber, and a membrane or diaphragm to separate the first chamber
from the second chamber. The first chamber comprises an inlet fed by the common extraction
line, and an outlet leading to a grease depository; in other words the first chamber is arranged
between the common extraction line and the grease depository. The second chamber is
connected to the vacuum pump. The membrane dividing the vacuum chamber allows an
under-pressure to develop in the extraction circuit.
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[0020] Before opening a grease extraction valve, all valves are closed and the pump is
operated to continually reduce the pressure in the extraction circuit. Preferably, only one
grease extraction valve is then opened. This means that a significant under pressure is "seen"
by the corresponding extraction line when that grease extraction valve is opened. Any waste
grease on the other side of the valve will be sucked into the extraction circuit. After a suitable
duration, the grease extraction valve is closed again. The process can be repeated a number
of times with the same grease extraction valve, or with a different grease extraction valve.

[0021] As indicated above, the lubrication system of a rotor blade pitch bearing is generally
constructed to distribute grease evenly throughout the bearing, but grease can "pool" in
specific regions of the bearing on account of the nature of the pitching process. Therefore, in a
preferred embodiment of the invention, the method comprises a step of identifying which
grease extraction valve may be positioned in a critical region of the bearing. Such a critical
region can be determined on the basis of experience, for example. Any such grease extraction
valve can be addressed more frequently to ensure that all waste grease is reliably extracted.

[0022] The quantity of grease that is extracted should be monitored so that the level of grease
in the depository can be estimated for timely scheduling of a collection and disposal procedure.
Equally, monitoring of the extracted quantity of grease can help to identify a potential problem
in the lubricant system, or to identify a critical "pooling” region of the bearing as mentioned
above. To this end, in a preferred embodiment of the invention, a flow-meter is arranged
between the common collection point and the vacuum chamber. The flow-meter measures the
quantity of extracted grease. The data collected and reported by the flow-meter can be
reported back to a control centre and/or recorded for readout during a service routine.

[0023] In a preferred embodiment of the invention, the grease collection arrangement
comprises at least four grease extraction valves, more preferably at least six grease extraction
valves. The number of grease extraction valves may be chosen according to the bearing
design. For example, a large pitch bearing as described above can have an inner stationary
race with 20 or more grease outlets, with each outlet connected to a grease extraction valve.

[0024] Preferably, the lubrication system is a progressive lubrication system, since a
progressive system is more reliable than a single-line system and will continue feeding grease
to the bearing as required.

[0025] The grease depository can be a container with a volume of 5000 ml or more and is
preferably arranged in an easily accessible location, for example at an easily accessible
position in the hub interior.

[0026] Other objects and features of the present invention will become apparent from the
following detailed descriptions considered in conjunction with the accompanying drawings. It is
to be understood, however, that the drawings are designed solely for the purposes of
illustration and not as a definition of the limits of the invention.
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Figure 1 shows an embodiment of the inventive grease collection arrangement;
Figure 2 shows components of a progressive lubrication system;
Figure 3 shows a prior art bearing lubrication system;

Figure 4 shows a prior art bearing lubrication system.

[0027] In the diagrams, like numbers refer to like objects throughout. Objects in the diagrams
are not necessarily drawn to scale.

[0028] Figure 1 shows an embodiment of the inventive grease collection arrangement 1. The
diagram indicates a rotor blade pitch bearing 2 with a number of grease outlets 20 through
which lubricant grease can be removed.

[0029] In this inventive grease collection arrangement 1, waste grease is extracted under
vacuum. To this end, the grease collection arrangement 1 comprises a number of individually
controllable grease extraction valves 10V, one at each grease outlet 20. Each grease
extraction valve 10V is connected to a waste line 10L, and these all feed into a common line
10N. The common line 10N leads to a waste grease container 15, via one chamber 12A of a
vacuum chamber module 12. Only four grease outlets 20 are shown in the diagram for the
sake of clarity, and therefore only four grease extraction valves 10V and waste lines 10L, but it
shall be understood that the stationary race of a large pitch bearing may be provided with 20 -
30 such grease outlets 20, and the inventive grease collection arrangement 1 will also have a
corresponding number of grease extraction valves 10V and waste lines 10L.

[0030] Each grease extraction valve 10V is controlled by a signal 13-1, 13-2, ..., 13-n issued by
a control module 13. While all grease extraction valves 10V are closed, the control module 13
actuates a pump 11 that progressively withdraws air from the common line 10N and the waste
lines 10L, via the second chamber 12B of the vacuum chamber module 12.

[0031] When the pressure in the extraction circuit has been reduced to a desired low level,
valve 16 is closed in order to maintain the under-pressure in the chamber 12. A selected
grease extraction valve 10V is opened by issuing an appropriate control signal. For example,
the grease extraction valve 10V on the right side of the bearing 2 in the diagram is opened by
signal 13-1. At the same time, valve 17 is opened. Any waste grease at the outlet 20 of the
selected grease extraction valve 10V will be sucked into the common line 10N by the
underpressure at the vacuum chamber 12.

[0032] Waste grease in the common line 10N passes through the first chamber 12A to the
grease container 15. A membrane 12M ensures that grease remains on the one side of the
vacuum chamber module 12. As the waste grease arrives in the secondary chamber 12A,
valve 17 is closed, and valve 18 is opened. The vacuum pump 11 then alters its running
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direction in order to generate an overpressure in the primary chamber 12A, with the result that
the waste grease is forced out of the primary chamber 12A and into the waste grease reservoir
15.

[0033] The diagram also shows a flow-meter 14 arranged in the common line 10N. The flow-
meter 14 measures the quantity of extracted grease. The data collected and reported by the
flow-meter 14 can be reported back to a control centre and/or recorded for readout during a
service routine.

[0034] Figure 2 shows components of a progressive lubrication system 3 which can be used to
provide lubricant grease to a device such as a rotor blade pitch bearing (not shown). Lubricant
grease is provided in a reservoir pump unit 30 that pumps the grease to a primary metering
device 31, which in turn distributes the grease to a number of secondary metering devices 32
(two are shown here by way of example). Each secondary metering device 32 has a number of
outlets connected by branch lines 32-1, 32-2, ..., 32-n to grease entry points of the pitch
bearing. The metering devices 31, 32 ensure that predetermined quantities of lubricant arrive
at the grease entry points. The amount to be metered is determined by a control unit 33. Such
a progressive lubrication system provides continuous lubrication when the pump is in
operation. If the pump is halted, the pistons in the metering devices 31, 32 hold their positions,
and resume from those positions when the pump is re-started.

[0035] Figure 3 shows a prior art bearing lubrication system 5, in this case a single-line
lubrication system. Here, grease is provided from a grease supply 50, and a number of grease
injection modules 51 are used to inject lubricant grease into a bearing 2. Waste grease passes
from a waste outlet 52 into a common line 54 that feeds into a container 55. However, a
problem with this arrangement is that the waste grease collection is driven by the amount of
grease added. Grease collection is therefore only done when lubricant grease is replenished. If
any hose of the lubricant circuit becomes faulty for any reason, the entire system is
compromised and the pitch system must be halted for repair.

[0036] Figure 4 shows another prior art single-line lubrication system 6 for a rotor blade pitch
bearing. Here, grease is provided from a grease supply 60, and waste grease passes from a
waste outlet 62 of a single-line ejector 61 into a common line 64 that feeds into a container 65.
In this case also, the waste grease collection is driven by the amount of grease added, and
waste grease is only collected when lubricant grease is replenished.

[0037] 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 variations could be made thereto without departing from the scope of the
appended claims.

[0038] 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.



DK/EP 3904676 T3

REFERENCES CITED IN THE DESCRIPTION

Cited references

This list of references cited by the applicant is for the reader's convenience only. It does not
form part of the European patent document. Even though great care has been taken in
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all
liability in this regard.

Patent documents cited in the description

o CMNIOTTOI802A [GG04]




10

15

20

25

DK/EP 3904676 T3

PATENTKRAV

1. Fedtopsamlingsanordning (1) til opsamling af affaldsfedt (W) fra et leje (2),

hvilken anordning omfatter

- en flerhed af fedtekstraktionsventiler (10V), hvor hver
fedtekstraktionsventil (10V) er forbundet med et fedtudlab (20) i lejet (2);

- en ekstraktionsledning (10L), der straekker sig fra hver

fedtekstraktionsventil (10V) til en feelles ekstraktionsledning (10N);

- et vakuumapparat (11, 12), der er konfigureret til at generere et undertryk i

ekstraktionsledningerne (10L, 10N); og

- et styremodul (12), der er konfigureret til selektivt at abne og lukke en
fedtekstraktionsventil (10V).

2. Fedtopsamlingsanordning ifalge krav 1, hvor vakuumapparatet omfatter
en vakuumpumpe (11), der er konfigureret til at generere undertrykket i

ekstraktionsledningerne (10L, 10N).

3. Fedtopsamlingsanordning ifalge krav 2, hvor vakuumapparatet omfatter et
vakuumkammer (12), der er anbragt mellem den feelles ekstraktionsledning (10N)

og vakuumpumpen (11).

4. Fedtopsamlingsanordning ifelge det foregaende krav, hvor
vakuumkammeret (12) omfatter et ferste kammer (12A), et andet kammer (12B)
og en membran (12M) med henblik pa at separere det farste kammer (12A) fra det

andet kammer (12B).

. Fedtopsamlingsanordning ifalge det foregaende krav, hvor det farste
kammer (12A) er anbragt mellem den feelles ekstraktionsledning (10N) og et
fedtdepot (15).

6. Fedtopsamlingsanordning ifalge et hvilket som helst af de foregaende
krav, der omfatter en flowmaler (14), der er anbragt i den feelles

ekstraktionsledning (10N).
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2

7. Fedtopsamlingsanordning ifalge et hvilket som helst af de foregaende
krav, der omfatter mindst 16 fedtekstraktionsventiler (10V), mere fortrinsvis mindst
20 fedtekstraktionsventiler (10V).

8. Vindmagllerotorblads-pitch-samling (2, 3), der omfatter

- et pitch-leje (2), der omfatter en flerhed af fedtudlab (20) til fiernelse af

smarefedt;

- et smeresystem (3), der er konfigureret til at afgive smerefedt gennem et

smarekredslgb (30) til pitch-lejet (2); og

- en fedtopsamlingsanordning (1) ifelge et hvilket som helst af kravene 1 til
7 til ekstrahering af affaldsfedt (W) gennem fedtudlsbene (20) i pitch-lejet (2).

9. Vindmagllerotorblad-pitch-samling ifalge det foregaende krav, hvor

fedtudisbene (20) er anbragt i pitch-lejets (2) stationaere Iabering.

10. Vindmagllerotorblad-pitch-samling ifalge krav 8 eller krav 9, hvor

smgresystemet (3) er gennemfart som et progressivt smaresystem.

11. Vindmagllerotorblad-pitch-samling ifalge et hvilket som helst af kravene 8 til

10, hvor fedtdepotet (15) er anbragt i vindmeallenavets indre.

12. Fremgangsmade til opsamling af affaldsfedt (W) fra et lejesmarekredslab
(30) under anvendelse af en fedtopsamlingsanordning (1) ifalge et hvilket som

helst af kravene 1 til 7, hvilken fremgangsmade omfatter falgende trin
- lukning af fedtekstraktionsventilerne (10V);

- aktivering af vakuumapparatet (11, 12) til generering af et undertryk i

ekstraktionskredslabet (10); og

- abning af en fedtekstraktionsventil (10V) til muliggerelse af affaldsfedtets

(W) passage ind i den feelles ekstraktionsledning (10N).

13. Fremgangsmade ifelge det foregaende krav, hvor der pa et hvilket som

helst tidspunkt kun abnes én fedtekstraktionsventil (10V).



DK/EP 3904676 T3
3

14. Fremgangsmade ifalge krav 12 eller krav 13, der omfatter et trin til
identificering af en fedtekstraktionsventil (10V), som er positioneret i et kritisk

omrade af lejet (2), og hyppigere abning af fedtekstraktionsventilen (10V).
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DRAWINGS
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FIG3 PRIOR ART |
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