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DESCRIPTION

[0001] The invention describes a hydraulic pump arrangement, a method of operating such a
hydraulic pump arrangement, and a wind turbine comprising such a hydraulic pump
arrangement.

[0002] With the increasing size of wind turbines, the hydraulic systems that are used to
regulate various functions are also becoming larger. For example, with increasing rotor blade
length and root diameter, it is necessary to provide a correspondingly more powerful hydraulic
blade pitch system. Any such hydraulic system may comprise one or more motor-pump units.
A motor-pump unit comprises a pump for adjusting the pressure of a fluid in a hydraulic piston
chamber, and a motor to operate the pump. However, a larger motor-pump unit also draws
higher electrical current, particularly when starting the motor. Instead of increasing the size of a
motor-pump unit, a greater number of motor-pump units can be used instead, for example as
disclosed in US2014096581A1 or in WO2011031851A2. WWhen several motor-pump units are
used collectively in a multiple motor-pump configuration, their outputs feed into a common
node or "confluence" so that the pressurized working fluid can be delivered to the consumer.
The hydraulic system can receive a pressure reference and/or a flow reference for the
consumer. Such a pressure/flow reference will vary according to the requirements of the
consumer. A suitable number of the units may be driven to obtain a desired pressure.
However, whenever it is necessary to step up the pressure or flow by adding the contribution of
another motor-pump unit, it is also necessary to relieve pressure at the confluence. This is
because a pump should not be started up with a pressurized outlet.

[0003] There are essentially two reasons for not starting a pump whose outlet is under
pressure. Firstly, the most common type of electric motor used in hydraulic motor-pump units is
the squirrel-cage induction motor, which can only provide a fraction of its nominal-speed torque
at low speeds, but since the torque required to drive a pump is proportional to the pressure, it
follows that a low pressure at the pump outlet is required when the motor is started. Secondly,
at very low speeds or after being inactive for a period of time, the lubrication in a hydraulic
pump is generally poor, so that it is necessary to establish a sufficient oil film by running the
pump at a low speed before gradually increasing the pressure.

[0004] One approach to addressing these issues is to discharge the outlet from each pump
before and during startup to ensure that the pump outlet is not under pressure while the
lubrication film is being established, and to ensure that the motor is not damaged. To this end,
a single "dump valve" or "bypass valve" is provided at the confluence of the pump outlets.
When this valve is opened, pressure is relieved at all pump outlets simultaneously. VWWhenever
one or more of the motor-pump unit(s) are to be started, the dump valve is opened to relieve
pressure. The dump valve is only closed again after a certain time has elapsed after starting
the motor-pump unit(s), after which time it may be assumed that the motor-pump units have
reached their nominal speed. However, this means that whenever an additional pump is to be
added to increase the output of a multiple motor-pump configuration, the flow to the system is
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temporarily cut off. From the time at which the dump valve is opened until the time at which the
pressure at the output has increased again, the system requirements for input flow may not be
met. Such an interruption in the flow pressure to the consumer may result in undesirable
dynamics. For example, the pitch system may not be able to follow the reference given, which
may result in the wind turbine being subject to structural loads that exceed design limits. Such
excessive loading can ultimately lead to damage and significant repair and maintenance costs.

[0005] It is therefore an object of the invention to provide an improved hydraulic pump
arrangement that avoids the problems described above.

[0006] This object is achieved by the hydraulic pump arrangement of claim 1 and by the
method of claim 8 of operating a hydraulic pump arrangement.

[0007] According to the invention, the hydraulic pump arrangement comprises a plurality of
motor-pump units connected to a common confluence, wherein each motor-pump unit of the
hydraulic pump arrangement comprises

= a pump realised to pass pressurized fluid at its outlet;
+ a motor arranged to drive the pump;
» a bypass valve configured to relieve pressure at the pump outlet; and wherein

the hydraulic pump arrangement further comprises a controller configured to receive a
feedback signal from each motor-pump unit, to determine the speed of the motor-pump units
from the corresponding feedback signals, and to actuate the bypass valve of a motor-pump
unit on the basis of the motor speed of that motor-pump unit.

[0008] An advantage of the hydraulic pump arrangement according to the invention is that a
motor pump unit can be shut down while the other motor pump units remain running, so that
pressure and flow at the common confluence - i.e. pressure and flow at the input to the
consumer - is not interrupted. Equally, an additional motor pump unit can be started up while
the other motor pump units remain running, again without interrupting the pressure at the
common confluence. This has the advantage of not subjecting the consumer (e.g. a blade
pitch system of a wind turbine) to a sudden loss of pressure while a motor pump unit is shut
down or started. According to the invention, the method of operating a hydraulic pump
arrangement comprises a step of obtaining a reference quantity for pressure and/or flow and
determining the corresponding actual quantity at the confluence and,

« if the actual quantity is greater than the reference quantity, the method comprises the
steps of: reducing the speed of a motor-pump unit to its minimum operating speed,
opening the bypass valve of that motor-pump unit, and stopping that motor-pump unit;

« if the actual quantity is lower than the reference quantity, the method comprises the
steps of. opening the bypass valve of an additional motor-pump unit, starting that motor-
pump unit, increasing the speed of that motor-pump unit to reach its minimum operating
speed, and subsequently closing the bypass valve of that motor-pump unit.
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[0009] After stopping a motor-pump unit, its bypass valve can be closed, although this may not
be a requirement. Therefore, it will only be necessary to open the bypass valve of an additional
motor-pump unit before starting, if that bypass valve was actually closed.

[0010] The wind turbine according to the invention comprises a number of such hydraulic
pump arrangements configured to provide pressurized fluid to a consumer such as a hydraulic
rotor blade pitching system and/or a hydraulic rotor brake system and/or a service crane
system. For each of these consumers, the wind turbine may comprise a dedicated hydraulic
pump arrangement.

[0011] Particularly advantageous embodiments and features of the invention are given by the
dependent claims, as revealed in the following description.

[0012] The pump of a motor-pump unit can be any of: an internal gear pump, an external gear
pump, an axial piston pump. In a particularly preferred embodiment of the invention, the motor
of a motor pump unit comprises a variable-frequency drive, since this type of motor requires a
relatively low starting current and can mitigate, to some extent, the problem of a low starting
torque. A variable-frequency drive may also be referred to as a "soft starter” for this reason. In
the following, it may be assumed that each motor pump unit comprises a variable-frequency
drive. A motor pump unit is realised to provide some suitable feedback to the controller
regarding motor speed and/or motor torque. The bypass valve can also be realised in any
suitable manner, and is preferably realised to respond - i.e. change its state between opened
or closed - in response to an electrical signal received from the controller. The bypass valve of
a motor pump unit can be a seat valve, a spool valve, a controllable relief valve, or any other
suitable type of valve. The inventive method comprises a step of controlling a bypass valve of a
motor-pump unit on the basis of the speed of the corresponding motor pump unit.

[0013] In the following, without restricting the invention in any way, it may be assumed that the
motor pump units of the hydraulic pump arrangement are essentially identical. The pump
outlets of all motor pump units feed into a common confluence, which in turn is the input to the
consumer. In the same manner, the bypass valves of all motor pump units can feed into a
common sink, for example into the return line from the consumer. The return line from the
consumer can be filtered before draining into a common reservoir from which the pumps feed.

[0014] A quantity of interest at the confluence can be pressure and/or flow. The hydraulic
pump arrangement can be configured to deliver a target pressure and/or a target flow at the
confluence, and to determine the actual pressure and/or flow at the confluence. In the
following, therefore, the word "quantity” as used in the expressions "reference quantity”, "target

quantity”, "actual quantity” etc. may be understood to mean pressure and/or flow.

[0015] In a particularly preferred embodiment of the invention, the motor-pump units are
arranged in a parallel configuration, i.e. all pumps fed from a common reservoir and feed into
the common confluence.
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[0016] As indicated above, a motor pump unit is preferably realised to provide some suitable
feedback to the controller so that the controller can determine the motor speed, from which it
may deduce the pressure at the outlet of that motor-pump unit. For example, a motor-pump
unit may comprise a speed sensor to determine the motor speed and to provide a motor speed
feedback signal to the controller.

[0017] Alternatively, in a further preferred embodiment of the invention, a motor pump unit may
be calibrated to establish a relationship between motor speed and motor torque, i.e. a
relationship between motor speed and outlet pressure. In such an embodiment, the feedback
signal may be provided by a pressure sensor at the pump outlet, and the controller may
deduce the motor speed from the measured pressure. An initial step of the inventive method
may comprise a step of modelling a motor-pump unit to establish a relationship between motor
speed and outlet pressure in order to identify a minimum operating speed and a maximum
operating speed. Of course, such information may be provided by the manufacturer of the
motor pump unit, so that the initial step of the inventive method may simply involve obtaining
this data and realising the controller to apply the data accordingly.

[0018] During operation of the consumer, the required hydraulic quantity may change, i.e. the
consumer may require a higher or lower pressure and/or a different flow rate, depending on
what is happening at the consumer. In a wind turbine, it is generally the wind turbine controller
that determines the reference quantities required at any one time for each consumer, since the
wind turbine controller synchronises the operation of systems such as blade pitch systems,
lubrication systems, etc. In a preferred embodiment of the invention, the wind turbine controller
preferably forwards each reference quantity to the controller of the corresponding hydraulic
pump arrangement.

[0019] The controller can respond to a changed reference quantity by continually monitoring or
estimating the actual quantity at the confluence, and responding to a discrepancy by managing
the motor pump units. For example, the controller may decrease the speed of one or more
motor-pump units towards their minimum operating speeds as long as the actual quantity is
greater than a target quantity. If this is not enough to lower the actual quantity, the controller
can then shut down a motor pump unit to achieve the desired quantity decrease as explained
above. Equally, the controller may increase the speed of one or more motor-pump units as
long as the actual quantity is lower than the target or reference quantity. If this is not enough to
obtain the desired pressure increase, the controller can then start up an additional motor pump
unit as explained above.

[0020] 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.

Fig 1
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shows a schematic diagram of an embodiment of the hydraulic pump arrangement;
Figs 2 and 3
show a flowchart to illustrate steps of the inventive method;
Fig 4
is a schematic representation of a wind turbine with several embodiments of the
inventive hydraulic pump arrangements;
Fig 5
shows a conventional hydraulic pump arrangement.

[0021] In the diagrams, like numbers refer to like objects throughout. Objects in the diagrams
are not necessarily drawn to scale.

[0022] Fig 1 shows a schematic diagram of an embodiment of the hydraulic pump
arrangement 1. In this exemplary embodiment, the hydraulic pump arrangement 1 comprises n
motor pump units MP1, ..., MPn. Each motor pump unit MP1, ..., MPn comprises a pump such
as an internal gear pump or similar, and a motor such as a variable speed motor. The outlets
of the motor pump units MP1, ..., MPn converge at a common confluence 10. The outlet of
each motor pump unit MP1, ..., MPn is also connected to a return line 12 via a bypass valve
V1, ..., Vn. Aconsumer may be assumed to be connected between the confluence 10 and the
return line 12, and these points of connection are indicated by the "x" symbols. The diagram
also shows various other elements with which the skilled person will be familiar, such as a filter
13 in a return line 12, a supply line 15 to deliver the pressurized working fluid to the consumer,
and a fluid reservoir or tank 14.

[0023] In this exemplary embodiment, a bypass valve V1, ..., Vn is realised as a spool valve,
but can equally be realised as a seat valve or a controlled pressure relief valve, as will be
known to the skilled person. Each valve V1, ..., Vn can be actuated - i.e. opened or closed - in
response to a signal C_V1, ..., C_Vn from a controller 11.

[0024] The inventive hydraulic pump arrangement 1 measures or estimates the pressure
and/or flow at the confluence 10, and compares the actual quantity Qqq with a reference

quantity R.

[0025] The reference quantity R can comprise a reference pressure and/or a reference flow,
so that the actual quantity Qg may be understood to comprise a value of pressure and/or a
value of flow. The actual quantity Q4 at the confluence 10 can be measured directly using an
appropriate sensor, for example. Alternatively, a known relationship may be used to estimate
the momentary pressure and/or flow Qqq at the confluence 10. For example, the actual flow at
the confluence 10 can be determined from a known relationship between pump flow and motor
speed. Knowing the motor speed of each motor pump unit MP1, ..., MPn as reported by
feedback signals FB1, ..., FBn, the combined flow at the confluence 10 can be determined to a
relatively high degree of accuracy. The motor speed of a motor pump unit MP1, ..., MPn can
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easily be obtained, for example as an rpm feedback signal FB1, ..., FBn from a variable speed
drive. Alternatively, the motor speed may be deduced from a pressure measured at each pump
outlet and reported as a feedback signals FB1, ..., FBn.

[0026] The controller 11 can compare the measured or estimated quantity Qqg with the

reference quantity R for the consumer of that hydraulic pump arrangement 1. If the
pressure/flow Qqq at the confluence 10 needs to be adjusted, the controller 11 can initially

issue control signals C_MP1, ..., C_MPn to one or more motors of the hydraulic pump
arrangement 1 to increase or decrease motor speed as appropriate. In this drawing, it is
assumed that motor pump units MP1, MP2 are running, and the measured or estimated
pressure/flow Qg at the confluence 10 is lower than the reference pressure/flow R. If the

controller 11 establishes that the motors of those motor pump units MP1, MP2 are already
running at maximum speed (using feedback signals FB1, FB2), the controller 11 opens the
bypass valve V3 of an additional motor pump unit MP3, starts its motor and monitors its speed
by means of its feedback signal FB3 until the speed of that additional motor pump unit MP3
has reached the minimum operating speed (at which the pump lubrication level is deemed to
be satisfactory). At this point, the controller 11 issues a signal C_V3 to close the bypass valve
V3 of the additional motor pump unit MP3. The speed of this motor pump unit MP3 can then be
gradually increased (with an appropriate control signal C_MP3) while monitoring the
pressure/flow Qg at the confluence 10. If the actual quantity Q4g meets the target requirement

R, the controller 11 will maintain this configuration of the hydraulic pump arrangement 1.
Otherwise, the steps can be repeated to start a further motor pump unit.

[0027] In an alternative scenario, again using Fig 1, it is assumed that motor pump units MP1,
MP2, MP3 are running, and that at some point, the pressure/flow Q4g at the confluence 10 is

higher than the reference pressure/flow R. To respond to the lower requirement R, the
controller 11 lowers the speed of one or more motor pump units while monitoring the actual
pressure/flow Qqg. If the pressure/flow Qg at the confluence 10 cannot be lowered sufficiently

in this way, even if all active motor pump units MP1, MP2, MP3 are running at their lowest
speeds (monitored by the feedback signals FB1, FB2, FB3), the controller 11 selects a motor
pump unit to shut down, for example the second motor pump unit MP2. It issues a signal C_V2
to open the bypass valve V2 of that motor pump unit MP2, turns off the motor, and issues a
signal C_V2 to close the bypass valve V2. If the actual pressure/flow Qg at the confluence 10

can be reduced to meet the lowered reference R by these steps, the controller 11 will maintain
this configuration. Otherwise, the steps can be repeated to shut down a further motor pump
unit.

[0028] As explained with Fig 1 above, a reference pressure/flow R can be provided for a
consumer, and the hydraulic pump arrangement 1 that serves that consumer will regulate its
motor-pump units MP1, ..., MPn to the reference quantity R whenever this is changed. Fig 2
shows a flowchart 20 to illustrate the steps of the inventive method when a reduced pressure is
required at the confluence 10 of Fig 1. In a first step 21, the actual quantity Qqp at the

confluence 10 is compared to the reference quantity R. If the actual quantity Qg is too high,
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the speed of one or more of the motor pump units MP1, ..., MPn is reduced in step 21. In step
22, the speed of the slowest motor is compared to its minimum speed threshold. As long as
there are one or more motor-pump units running above this minimum speed threshold, the
speed of one or more of them can be reduced by repeating steps 21 - 23. If in step 23 it is
seen that each motor-pump unit is running at its lowest possible speed, one of the motor pump
units is selected to be switched off. In step 24, the bypass valve of that motor pump unit is
opened, the motor is stopped in step 25, and its bypass valve is closed again in step 26. The
control flow returns to step 21, where the actual pressure/flow Qqg is again compared to the

reference pressure/flow R. If necessary, the control loop 20 repeats until the target
pressure/flow R is reached.

[0029] Fig 3 shows a flowchart 30 to illustrate the steps of the inventive method when a higher
reference pressure/flow R is required at the confluence 10. In a first step 31, the actual
pressure/flow Qg at the confluence is compared to the reference pressure/flow R. If the actual

pressure/flow Qqg is too low, the motor speeds are checked in step 32 to see whether all are

running at maximum speed. If not, the speed of one or more of the motor pump units is
increased in step 33. If yes, the bypass valve of an additional motor pump unit is opened, and
the additional motor pump unit is started in step 34. The speed of this pump is increased in
step 35. In step 36, it is checked to see whether the additional motor pump unit has reached its
minimum speed. If not, the control returns to step 35. If yes, the bypass valve of that motor
pump unit is closed in step 37, and control returns to step 31. If necessary, the control loop 30
repeats until the target pressure/flow R is reached.

[0030] Fig 4 is a schematic representation of a wind turbine 4 with a number of hydraulic
systems H1, H2, H3 - in this case a hydraulic rotor blade pitching system H1, a hydraulic rotor
brake system H2 and a hydraulic service crane system H3. Each hydraulic system H1, H2, H3
is the consumer of an embodiment of the inventive hydraulic pump arrangement 1, receiving
pressurized fluid over a supply line 15 and returning fluid via a return line 12. Each hydraulic
pump arrangement 1 comprises a suitable number of motor-pump units, depending on the
requirements of its consumer. During operation of the wind turbine, the required hydraulic
pressure of each consumer H1, H2, H3 will be subject to fluctuation, depending on what is
happening at the consumer H1, H2, H3. To respond to these changing requirements, a control
unit - the wind turbine controller 40 in this exemplary embodiment - updates the target or
reference pressure/flow values of each consumer H1, H2, H3 and forwards the references Q1,
Q2, Q3 to the controllers of the hydraulic pump arrangements 1.

[0031] Fig 5 shows a conventional hydraulic pump arrangement 5. Here also, multiple motor-
pump units 51 serve a consumer 58, and their outlets meet at a common confluence 50. A
single bypass valve 52 or dump valve 52 is arranged on the far side of the confluence 50. As a
result, whenever a motor-pump unit 51 must be shut down (to achieve a lower target pressure
at the confluence 50) or switched on (to meet an increased target pressure at the confluence
50), a drop in pressure is seen by the consumer 58. This can lead to undesirable dynamics as
explained above, for at least the duration needed to shut down or start up the motor-pump unit
51 and to restore pressure at the confluence 50.
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[0032] 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
invention as defined by the claims.

[0033] 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.
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Patentkrav

1. Hydraulisk pumpeindretning (1) med en flerhed af motorpumpeenheder
(MP1, ..., MPn), der er forbundet til et feelles sammenlab (10), hvor hver mo-
torpoumpeenhed (MP1, ..., MPn) i den hydrauliske pumpeindretning (1) omfat-
ter

- en pumpe, der er udfart til at tilvejebringe tryksat fluid ved udlgbet deraf;

- en motor, der er indrettet til at drive pumpen;

- en omlabsventil (V1, ..., Vn), der er konfigureret til at aflaste trykket ved pum-
pens udlgb; hvor den hydrauliske pumpeindretning (1) yderligere omfatter en
styreenhed (11), der er konfigureret til at modtage et feedbacksignal (FB1, ...,
FBn) fra hver motorpumpeenhed (MP1, ..., MPn) for at bestemme hastigheden
af motorpumpeenhederne ud fra de tilsvarende feedbacksignaler, og at akti-
vere omlgbsventilen (V1, ..., Vn) pa en motorpumpeenhed (MP1, ..., MPn) pa

basis af motorhastigheden pa denne motorpumpeenhed (MP1, ..., MPn).

2. Hydraulisk pumpeindretning ifelge krav 1, hvor motoren i en motorpumpe-

enhed (MP1, ..., MPn) omfatter et variabelt frekvensdrev.

3. Hydraulisk pumpeindretning ifalge krav 1 eller krav 2, hvor en omlgbsventil
(V1, ..., Vn) er en hvilken som helst af en seedeventil, en spoleventil eller en

kontrollerbar aflastningsventil.

4. Hydraulisk pumpeindretning ifelge et hvilket som helst af de foregaende
krav, hvor pumpen i en motorpumpeenhed (MP1, ..., MPn) er realiseret som
en hvilken som helst af: en intern tandhjulspumpe, en ekstern tandhjulspumpe,

en aksialstempelpumpe.
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5. Hydraulisk pumpeindretning ifelge et hvilket som helst af de foregaende
krav, hvor en motorpumpeenhed (MP1, ..., MPn) omfatter en hastighedssen-
sor, der er indrettet til at bestemme dens motorhastighed og til at give et feed-
backsignal (FB1, ..., FBn) til styreenheden (11).

6. Hydraulisk pumpeindretning ifelge et hvilket som helst af de foregaende
krav, hvor en motorpumpeenhed (MP1, ..., MPn) omfatter en tryktransducer,
der er anbragt ved pumpeudlgbet og konfigureret til at give et feedbacksignal
(FB1, ..., FBn) til styreenheden (11).

7. Hydraulisk pumpeindretning ifelge et hvilket som helst af de foregaende
krav, hvor styreenheden (11) er udfert til at estimere en veerdi (Q1o) af tryk
ogl/eller flow ved sammenlgbet (10) fra feedbacksignalerne (FB1, ..., FBn) og

sammenligne den estimerede maengde (Q10) med en referencemaengde (R).

8. Fremgangsmade til drift af e hydraulisk pumpeindretning (1) ifelge et hvilket
som helst af kravene 1 til 7, hvilken fremgangsmade omfatter et trin med op-
naelse af en referencemaengde (R) og bestemmelse af den tilsvarende fakti-
ske meaengde (Q1o0) ved sammenlabet (10) og,

- hvis den faktiske maengde (Q1o) er starre end referencemeengden (R), om-
fatter metoden trinene: at reducere hastigheden af en motorpumpeenhed
(MP1, ..., MPn) til dens minimum driftshastighed, at abne omlabsventilen (V1,
..., Vn) af denne motorpumpeenhed (MP1, ..., MPn), at stoppe denne motor-
pumpeenhed (MP1, ..., MPn) og at lukke omlgbsventilen (V1, ..., Vn) af denne
motorpumpeenhed (MP1, ..., MPn);

- hvis den faktiske maengde (Q1o) er lavere end referencemeaengden (R), om-
fatter metoden falgende trin: at abne omlabsventilen (V1, ..., Vn) pa en ekstra
motorpumpeenhed (MP1, .. ., MPn), at starte denne motorpumpeenhed (MP1,

..., MPn), at @ge hastigheden af denne motorpumpeenhed (MP1, ..., MPn) for
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at na dens minimale driftshastighed, og derefter lukke omlgbsventilen (V1, ...,

Vn) af den motorpumpe enhed (MP1, ..., MPn).

9. Fremgangsmade ifelge krav 8, omfattende et trin med at reducere hastighe-
den af et antal operationelle motorpumpeenheder (MP1, ..., MPn) mod deres
minimumsdriftshastighed, mens den faktiske maengde (Q1o) er starre end re-

ferencemaengden (R).

10. Fremgangsmade ifelge krav 8 eller krav 9, omfattende et trin med at @ge
hastigheden af et antal operationelle motorpumpeenheder (MP1, ..., MPn)
mod deres maksimale driftshastighed, mens den faktiske maengde (Q1o0) er

mindre end referencemaengden (R).

11. Fremgangsmade ifglge et hvilket som helst af kravene 8 til 10, hvor moto-
ren af en motorpumpeenhed (MP1, ..., MPn) omfatter et variabelt frekvens-
drev, der er konfigureret til at tilvejebringe et hastighedsfeedbacksignal (FB1,
..., FBn ), og fremgangsmaden omfatter et trin med regulering af omlabsventi-
len (V1, ..., Vn) af denne motorpumpeenhed (MP1, ..., MPn) pa basis af ha-
stighedsfeedbacksignalet (FB1, ..., FBn).

12. Fremgangsmade ifalge et hvilket som helst af kravene 8 til 11, omfattende
et trin med modellering af en motorpumpeenhed (MP1, ..., MPn) for at be-
stemme et forhold mellem motorhastighed og pumpeflow og/eller at bestemme
et forhold mellem motordrejningsmoment og pumpetryk og/eller at bestemme

et forhold mellem motordrejningsmoment og tryk ved sammenlabet (10).

13. Vindmglle (4) omfattende et antal hydrauliske pumpeindretninger (1) ifalge

et hvilket som helst af kravene 1 til 7, der er konfigureret til at levere tryksat
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fluid til et hydraulisk rotorvingepitchsystem (H1) og/eller et hydraulisk rotor-

bremsesystem (H2) ) og/eller et servicekransystem (H3).

14. Vindmglle ifelge krav 13, hvor en vindmaellestyreenhed (40) er udfert til at
generere en referencemaengde (Q1, Q2, Q3) for hver forbruger (H1, H2, H3)
og til at videresende referencemaengderne (Q1, Q2) , Q3) til de tilsvarende

hydrauliske pumpeindretninger (1).
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