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DESCRIPTION

Description

Background

[0001] Wind turbines may be installed in locations that experience prolonged cold weather
conditions, for example temperatures lower than minus 30° C. Such cold temperatures can
present a problem particularly to hydraulic systems such as the rotor blade pitch systems. This
is because the viscosity of the hydraulic fluid will increase as the temperature decreases,
raising the electric and mechanical load on the pump and leading to unfavourably large
pressure drops in the system.

[0002] Hydraulic fluid can be classified according to its 1SO standard VG (International
Standards Organization Viscosity Grade) number, which is a measure of the fluid viscosity (its
resistance to flow) at a common operating temperature, e.g. 40° C, and is expressed in
centistokes (cSt), and according to its viscosity index. An ISO VG 32 hydraulic fluid is widely
used and is relatively economical, making it a preferred choice in systems such as wind
turbines that require large quantities of hydraulic fluid.

[0003] As long as a wind turbine is operational and its hydraulic systems are in regular use,
fluid temperature and viscosity can be maintained within acceptable levels. However, the
viscosity of such a fluid can be unfavourably high in very cold conditions, and can place an
unfavourably high load on the pump, leading to damage or failure. Starting the hydraulic
system under cold conditions during the plant's lifetime can ultimately compromise the
hydraulic system response performance, leading to slower completion of an emergency shut-
down. This in turn can lead to higher loads on structural components of the plant, for example
unfavourably high wind loading on the rotor blades, tower of a wind turbine as a result of a
sluggish shutdown procedure. Without any means of decreasing the viscosity of the hydraulic
fluid, control of such a plant would necessitate waiting for an increase in ambient temperature,
but such delays prolong the shutdown state. Delays can result in loss of earnings in plants that
otherwise generate export power.

[0004] For this reason, the hydraulic system of a plant for use in a cold environment is
generally equipped with some means of maintaining satisfactory parameters of the hydraulic
fluid. The hydraulic systems can be run with a fluid specifically developed for cold weather
environments, i.e. a fluid with favourable viscosity characteristics at low temperatures such as
Shell Tellus S4 VX 32. The actual composition of such a hydraulic fluid determines whether the
fluid is suitable for use in systems designed for "standard weather” conditions, or whether it will
exhibit a satisfactorily low viscosity even in extreme cold weather conditions. However, a
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dedicated fluid with a very high viscosity index, for example in the order of 250 or higher, will
remain relatively fluid at extreme low temperatures but is significantly more expensive than a
"standard weather" fluid with a viscosity index in the order of 150 - 160. More importantly, if
such a "cold weather” oil is used, it may be necessary to use seals made of a material that will
not be affected by exposure to the fluid, for example shrinkage, leading to leaks in the system.

[0005] In another approach, a hydraulic system uses the more economical hydraulic fluid rated
for warmer temperatures, and deploys a heater immersed in the hydraulic fluid contained in
the system's tank. Examples of this approach are given by EP3315769A1, which describes a
wind turbine with various heaters deployed to heat the hydraulic fluid of a hydraulic pitch
system; US2019338793A1, which proposes using a heat exchanger to raise the temperature
of the hydraulic fluid of an aircraft hydraulic systems; and US2020123739A1, which considers
using an auxiliary heater to preheat the hydraulic fluid of a hydraulic system. Such a heater can
be electrically powered, for example from the wind turbine's auxiliary power supply. Before re-
starting the wind turbine after shutdown in cold conditions, the oil in the tank can be heated to
the necessary minimum temperature. However, such heaters cannot raise the temperature of
the fluid in the remainder of the hydraulic system, i.e. the significant quantity of fluid in the
pressure lines and return lines, and as a result the pump may be overloaded by the high
viscosity of the cold fluid when the hydraulic system resumes operation in cold conditions.
Furthermore, the need to install a heater and connect it to the auxiliary power supply adds to
the overall costs. This approach is not entirely reliable, because the downtime duration cannot
always be known in advance and it may be that there is insufficient auxiliary power available for
heating the fluid prior to restarting and for supplying the pump with sufficient current to move
the viscous cold fluid through the fluid lines.

[0006] It is therefore an object of the invention to provide a solution to the problems outlined
above.

[0007] This object is achieved by the method of claim 1 of operating a hydraulic system from
an off-state in a cold environment; and by the hydraulic system of claim 6.

Description

[0008] In the following, a hydraulic system comprises a plurality of hydraulic cylinder
arrangements connected by fluid lines to an accumulator arrangement and a tank or reservoir,
as well as a pump that conveys fluid through the fluid lines. The hydraulic system further
comprises a plurality of electronically operated valves arranged in the fluid lines. Each such
valve can be actuated (opened, partially opened, closed) by applying a suitable control signal.
By actuating a group of valves in a specific manner, hydraulic fluid can be directed along a
specific path through the fluid lines, as will be known to the skilled person. The hydraulic
system may of course comprise any number of other components such as hoses, pressure
sensors, isolation valves, overflow valves, etc. which are not relevant to the invention and
which need not be discussed in any detail herein.
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[0009] The hydraulic system is to be incorporated in a plant such as a turbine or other
machinery. The inventive method is applied to achieve a return to operation of the hydraulic
system from an off-state in a cold environment, whereby the expression "cold environment"”
shall be understood to mean that the ambient temperature is at or near the lowest temperature
at which the plant can be restarted. It shall be understood that in the off-state of the plant, the
fluid of the hydraulic system is also at the low ambient temperature, i.e. there is essentially no
residual heat in the hydraulic system.

[0010] According to the invention, the method comprises two main stages. In a first stage, a
plurality of electronically operated valves are selectively actuated to define a fluid path in which
hydraulic fluid is conveyed from the tank through a bypass valve and directly back to the tank
until the temperature of the fluid in the tank has reached a first interim level. In a subsequent
second stage, the plurality of electronically operated valves are selectively actuated to cycle
fluid from the tank through the pressure lines of the hydraulic system and back to the tank until
the temperature of the fluid has reached a desired operating level. The expression "valves are
selectively actuated" shall be understood to mean that certain valves are opened and others
are closed in order to define the desired fluid path.

[0011] In the context of the invention, the bypass valve is an unloading valve. An unloading
valve is generally incorporated in a hydraulic system in order to decrease wear on the pump,
reduce energy consumption, and reduce waste pressure losses.

[0012] The inventive method may therefore be regarded as a method of raising the
temperature of the fluid in a hydraulic system prior to resuming operation in a cold
environment, without the use of any heating devices, and solely from the heat dissipated
through friction and losses as the fluid travels along the designated paths through the system.
Effectively, the electrical energy used to operate the pump is converted to thermal energy of
the oil in the fluid lines. The invention is based on the insight that an otherwise troublesome
property of the hydraulic fluid - i.e. its tendency to become warmer as it passes through the
fluid lines - can be used to good advantage during cold startup.

[0013] It shall be understood that the hydraulic circuit described herein does not deploy an
additional heating device, e.g. an immersion heater installed in the tank as required by the
prior art systems. The inventive method instead provides a favourably simple and economical
way of raising the temperature of the hydraulic fluid without the need of a dedicated heater.
The inventive method allows heating of hydraulic components such as hoses, manifolds, and
accumulators from their initial cold state and helps bring all these elements to an ideal
operating temperature. Besides not having to install an immersion heater in the fluid tank,
another advantage of the inventive method is that components of the hydraulic system are not
overloaded (mechanically or electrically), and the system can safely but quickly achieve the
desired running temperature and system pressure. In this way, the method provides a way of
operating the hydraulic system so that it gradually reaches its working temperature, without the
need of any additional heating devices and without having to use expensive cold-weather fluid.
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[0014] The difference in price between a "standard temperature oil" with a lower viscosity
index (V1) and a dedicated "cold weather oil" with a higher viscosity index may be in the range
of several Euros per litre. A plant such as a wind turbine may require about 400 litres of
hydraulic fluid, and generally requires at least one complete oil exchange during its lifetime.
Implementation of the inventive method can therefore give savings in the order of several
thousand Euro per wind turbine.

[0015] According to the invention, the hydraulic system comprises a controller that is
configured to execute the method steps described above in order to raise the temperature of
the hydraulic fluid to a desired operating level, so that the plant in which the hydraulic system is
installed can resume operation in a cold environment after having been in standstill.

[0016] According to the invention, a computer program product comprises a computer
program that is directly loadable into a memory of the controller of the inventive hydraulic
system and which comprises program elements for performing steps of the inventive method
when the computer program is executed by the controller. The hydraulic system controller may
in turn be controlled by a higher-order instance such as a plant controller.

[0017] 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.

[0018] The inventive method could be used to restart a hydraulic system in any kind of
machinery or plant that may be operated also in cold environments. For example, the hydraulic
system could be deployed in a gas turbine generator, a steam turbine generator, mobile farm
equipment, an aircraft, a marine vessel, etc. In the following, without restricting the invention in
any way, it may be assumed that the plant in which the hydraulic system is installed is a wind
turbine, and that the hydraulic cylinders are pitch cylinders of a rotor blade pitching system.
The hydraulic fluid used in the pitch system may be assumed to be an economical low-VI fluid
such as ISO VG 32 hydraulic oil or an equivalent. The expressions "hydraulic oil" and
"hydraulic fluid" shall be understood to be synonyms and may be used interchangeably herein.

[0019] In the context of the invention, a hydraulic cylinder arrangement comprises one or more
hydraulic cylinders, and a hydraulic cylinder has a dedicated proportional valve that regulates
the quantity of fluid into and out of the piston-side and rod-side chambers.

[0020] In a preferred embodiment of the invention, the method comprises an initial stage which
is carried out prior to the first stage, and in which the plurality of electronically operated valves
are controlled to drain system pressure from an accumulator arrangement. An accumulator is
a pressure storage reservoir and serves to improve the performance of the hydraulic system.
An accumulator arrangement may comprise several accumulators. In the initial stage, valves
are opened in a controlled manner to allow the cold oil to pass from the accumulators and the
return lines to the tank. Once this step is complete, the method continues with the first stage.
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[0021] The first method stage may be referred to as "low pressure heating in the bypass
system"”, since the temperature of the fluid in the bypass circuit is gradually raised. The bypass
circuit comprises only the bypass valve and the fluid lines on either side of the bypass valve,
linking it to the tank. The invention exploits the possibilities offered by the usual short bypass
fluid path or "bypass circuit", since the bypass valve of a hydraulic circuit may often be
mounted in close proximity to the tank, for example on a manifold placed on the lid of the tank.
This first method stage may also be regarded as a "low pressure stage” that optimally exploits
the limited possibilities for safe operation with a high-viscosity cold fluid.

[0022] In this first method stage, the pressure drop or pressure differential across the fluid
lines of the short bypass circuit has the effect of increasing the temperature of the oil being
pumped through the bypass valve. This method stage persists until the temperature of the fluid
in the tank has reached the first interim level, i.e. a temperature slightly higher than the cold
ambient temperature.

[0023] The second method stage may be referred to as "low pressure - medium pressure
heating", because the larger pressure differential across the pressure lines of the hydraulic
system has the effect of further raising the temperature of the fluid passing through them.

[0024] As indicated above, a hydraulic system such as a wind turbine rotor blade pitch system
comprises a plurality of hydraulic cylinder arrangements. According to the invention, the
second stage comprises a first "distributed" step in which proportional valves of two or more
hydraulic cylinder arrangements are simultaneously controlled (along with other relevant
valves) to cycle fluid from the tank through the corresponding pressure lines and back to the
tank until the temperature of the fluid has reached a second interim level. The second stage
also comprises a further "concentrated" step in which proportional valve(s) of only one
hydraulic cylinder arrangement are controlled to cycle fluid from the tank through the pressure
lines of that hydraulic cylinder arrangement and back to the tank until the temperature of the
fluid has reached the desired operating level or "running temperature”. In the case where a
hydraulic cylinder arrangement comprises only one hydraulic cylinder, fluid flow is restricted to
the pressure lines of a single hydraulic cylinder, i.e. the hydraulic fluid is forced through only a
fraction of the total number of possible lines. By restricting the fluid flow to the pressure lines of
a single hydraulic cylinder, a favourably high pressure differential is developed, which has the
result of raising the oil temperature more rapidly. This second step persists until the desired
running temperature is reached, i.e. an optimal temperature at which the hydraulic system can
resume full operation.

[0025] In a preferred embodiment of the invention, the hydraulic system is equipped with one
or more temperature sensors arranged to measure the temperature of the hydraulic oil at any
relevant location. For example, a temperature sensor may be arranged to measure the
temperature of the oil in the tank. A further temperature sensor may be arranged to measure
the temperature of the oil in a pressure line. Temperature sensors may report measurements
to the controller of the hydraulic system in any suitable manner.
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[0026] In a further preferred embodiment of the invention, the method comprises a concluding
stage in which relevant valves are actuated to fill the accumulator arrangement with the
warmed hydraulic oil. The system is now ready to resume normal operation, for example to
resume pitching the wind turbine rotor blades to extract energy from the wind.

[0027] 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.

Figure 1 shows an exemplary flowchart of the inventive method;

Figure 2 shows exemplary pressure and temperature curves during execution of the inventive
method;

Figures 3 - 5 illustrate stages of the inventive method being performed for a hydraulic system;

Figure 6 shows an exemplary control configuration.

[0028] In the diagrams, like numbers refer to like objects throughout. Objects in the diagrams
are not necessarily drawn to scale.

[0029] The invention is described in the following for an exemplary installation in which the
plant is a wind turbine, and the hydraulic system is used to actuate pitch cylinders of a pitch
system. Of course, the principle of the invention applies to cold start of a hydraulic system of
any type of plant.

[0030] Figure 1 is a flowchart of an exemplary sequence of steps when carrying out the
inventive method, and Figure 2 shows pressure and temperature curves that develop during
execution of the inventive method. In an initial stage SO0, the rotor blades are pitched to feather,
i.e. out of the wind. Selected valves of the hydraulic system 1 are actuated to drain system
pressure from the accumulator arrangement 11. This step serves to safely drain system
pressure from an initial level Pyg to @ minimum level P, while the wind turbine is in stop
position or stand-still. In this step SO, valves are opened in a controlled manner in order to
drain system pressure that may be present in the accumulators, and ensures that cold oil is
cycled out of the accumulators as well as out of the return lines. The temperature of the oil at
this stage is the minimum rated re-start temperature T.qq of the plant, for example a wind
energy plant. During a shutdown state of the plant, the temperature can have dropped to a
level below this minimum rated re-start temperature T.yg4. The plant may only be restarted
when the temperature has risen to this minimum rated re-start temperature T.q4. It may be
assumed that all residual heat has dissipated, so all parts of the hydraulic system are at this
low temperature Tqg.
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[0031] In a subsequent stage S1, valves are controlled to cycle fluid from the tank 13 through
the bypass valve and directly back to the tank. This stage persists until the temperature of the
fluid in the tank has reached a first interim level Ti,; 1 as indicated in query Q1. In stage S1, the

oil in the tank is gradually heated only by the effect of the pressure differential across the
bypass circuit and the attendant losses. This step can be carried out for an unspecified
duration, i.e. until the cumulative heating effect has raised the temperature of the oil to a level
that will facilitate the next step. The temperature is monitored continuously or at suitable
intervals. As long as the temperature is still too low ("NO"), this state persists, and proceeds to
the next state S2.1 when the temperature has been raised to the first interim level Tiq 1

("YES"). An increase of only a few degrees Celsius above the initial temperature T;qq may be

sufficient. Once this step is complete, the bypass valve is closed again.

[0032] In a subsequent stage S2.1, the bypass and proportional valves are controlled to cycle
cold oil through the pressure lines, i.e. by cycling oil across the pitch system by actuating all of
the proportional valves (one for each rotor blade of the wind turbine) and by selectively
actuating the bypass valve. In this stage S2.1, cold oil is cycled out of the fluid lines of the pitch
system and returned to the tank, resulting in a large pressure differential which accelerates the
rate of heating of the oil. This step persists until the temperature of the fluid in the tank has
reached a second interim level Ty o as indicated in query Q2.1. The second interim

temperature Tjn; 2 is higher than the first interim temperature Tin; 4 but still lower than the final

desired operating temperature. Pressure in the system is still quite low, only marginally higher
than the minimum pressure Pp,in.

[0033] In a subsequent stage S2.2, only one of the proportional valves is opened, resulting in
an even larger pressure differential, which in turn further accelerates the rate of heating of the
oil. This step persists until the running oil temperature T, is reached as indicated in query

Q2.2. The system pressure has reached a higher level P,;q.

[0034] In a final stage S3, after the running oil temperature T, has been reached, the system

is charged to the maximum working pressure by filling the accumulators 11 with the warmed
oil, and the plant - in this case the wind turbine - can resume operation. Once the wind turbine
pitch controller issues a pitch reference to pitch the rotor blades to a working position, the rod-
side chamber 102 of each cylinder 10 will be filled by warmed oil, and any remaining cold oil in
the piston-side chamber 101 of each cylinder 10 will be returned to the tank 13 where it can
mix with the previously warmed oil. At this point, the system pressure has reached its
maximum level Pna, and all components of the hydraulic system 1 are sufficiently warmed

and ready for normal use.

[0035] Figures 3 - 5 show how an exemplary hydraulic system 1 as might be deployed to
control the pitch cylinders 10 of wind turbine rotor blades. The diagram is greatly simplified to
only show elements of relevance to the invention, and it shall be understood that the hydraulic
system may encompass other components and further hydraulic circuits that are not shown
here.
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[0036] For clarity, Figure 3 shows only one hydraulic cylinder 10, but it shall be understood that
each rotor blade has its own pitching arrangement, i.e. each rotor blade may be pitched by a
hydraulic cylinder arrangement comprising one or more hydraulic cylinders 10. The hydraulic
system 1 comprises various fluid lines roughly divided into pressure lines (which convey fluid
from a tank 13 and/or accumulator arrangement 11 to a chamber 101, 102 of the cylinder 10)
and return lines (which convey fluid from a chamber 101, 102 of the cylinder 10 to the tank 13).
The diagrams also show a proportional directional valve Vprqp, an unloading (bypass) valve

Vpypass @nd various other valves V1 - V4. Each of these valves Vo, Vpypass, V1 - V4 can be

actuated by applying a suitable control signal, for example a signal to actuate the solenoid of a
solenoid-controlled valve. For the sake of clarity, such control signals are not shown in the
diagram. A hydraulic system of this type may of course include many other valves and
components, as will be known to the skilled person, and only aspects relevant to the invention
are discussed here.

[0037] The diagram shows the tank 13 and various fluid lines, and indicates a bypass path
Ppypass:- The bypass path Ppypass comprises the tank-side bypass valve Vpypass and "short”

fluid lines on either side, i.e. low-pressure-drop lines, so that fluid can be pumped from the tank
13 through the short fluid line to the bypass valve Vpypass and directly back through the other

short fluid line to the tank 13 as indicated. In the inventive hydraulic system 1, the pump 12 is
configured to handle the high starting viscosity of a "standard weather oil" (e.g. an ISO VG 32
oil or equivalent) at the minimum plant operating temperature, which can be -30° Celsius or
lower for a wind turbine.

[0038] Figure 4 illustrates fluid flow in step S2.1 of the inventive method. The system of Figure
3 is simplified further to indicate hydraulic circuits of three rotor blade pitch systems R1, R2,
R3, bypass valve Vpypass, PUMp 12 and tank 13. Each pitch system R1, R2, R3 is represented

for the sake of simplicity by a hydraulic cylinder 10 and a proportional valve Vpqp, and shall be

understood to comprise the other elements as described in Figure 3 above.

[0039] After heating the oil in the tank 13 by cycling it through the bypass path Ppypass as

shown in Figure 3, the bypass valve is controlled to redirect flow to the pressure lines of the
pitch systems R1, R2, R3. In this stage, oil is cycled through the pressure lines of all pitch
systems R1, R2, R3 indicated by three paths P1, P2, P3, resulting in a further rise in
temperature on account of the increased pressure differential. Each path P1, P2, P3 includes
the corresponding proportional valve V. In @ similar manner, Figure 35 illustrates fluid flow in

step S2.2: here, fluid flow is restricted to the proportional valve Vo, of @ single pitch system

(R2 in this example), with the largest possible pressure differential over the single path P2,
resulting in a favourably rapid increase in oil temperature.

[0040] Effectively, the electrical energy used to drive the pump 12 is converted to thermal
energy of the oil in the fluid lines. Because of the overall gradual rise in fluid temperature and
decrease in fluid viscosity achieved by the successive heating stages S1, S2.1, S2.2, none of
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the components of the hydraulic system 1 are subject to excessive load (mechanical or
electrical), so that the system can safely but quickly achieve the desired running temperature
Top and system pressure Py

[0041] Figure 6 shows a very simplified block diagram of plant control as applied to a wind
turbine hydraulic system 1. The pitch systems of the wind turbine rotor blades are collectively
represented by a hydraulic cylinder 10 for the sake of simplicity. Here, a controller 2 is
configured to issue control signals to components of the hydraulic system 1 on the basis of
feedback from the system 1. In this exemplary embodiment, the controller 2 receives (amongst
others) temperature readings 140 from a temperature sensor 14, and pressure measurement
readings 150 from one or more pressure sensors, which may be positioned at suitable
locations in the hydraulic system as will be known to the skilled person. For example, a
pressure sensor 15 can be arranged as shown in Figure 3 to measure accumulator bank
pressure during the initial draining step SO prior to the inventive heating sequence, and also
during the final pressurization step S3 prior to resuming normal operation.

[0042] The controller 2 is configured to issue a control signal 120 to actuate the pump 12, and
also to issue control signals 2_Vprop, 2_Vpypass, 2_V1 - 2_V4 to actuate the valves Vpqp,

Vpypass: V1 - V4 as appropriate. The controller 2 may be assumed to comprise suitable

hardware that is configured to run software modules for carrying out the inventive method, i.e.
to carry out the steps explained in Figures 3 - 5 above. The elements of the hydraulic system 1
are actuated and controlled as described above until the temperature of the fluid in the
hydraulic system has reached its optimal working temperature Top. As the skilled person will be

aware, such a controller can be implemented as part of the already existing plant controller, for
example as part of a wind turbine controller, which can be realised locally or remotely. In a
remote control setup, the feedback signals and control signals may be transmitted over any
suitable network. 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. 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. Fremgangsmade til drift af et hydraulisk system (1) i et anleeg for at
genoptage drift fra en minimumsdriftstemperatur (Tcod) for anlaegget, hvilket
hydraulisk system (1) omfatter en flerhed af hydrauliske cylinderindretninger (10),
der ved hjeelp af vaeskeledninger er forbundet til en tank (13) og en pumpe (12), der
forer vaeske gennem vaeskeledningerne, og en flerhed af elektronisk drevne ventiler
(Vprop, Vbypass, V1 - V4) anbragt i veeskeledningerne, hvorved vaeskeledningerne

opdeles i trykledninger og sugeledninger, hvilken fremgangsmade omfatter

- en forste fase (S1), hvor flerheden af elektronisk drevne ventiler (Vprop,
Vbypass, V1 - V4) styres til at cirkulere vaeske fra tanken (13) gennem en
omlgbsventil (Voypass) af flerheden af elektronisk drevne ventiler og direkte tilbage
til tanken (13), indtil temperaturen pa veesken i tanken (13) har naet et forste

midlertidigt niveau (Tint_1); 0g

- en anden fase (S2) omfattende et farste trin (S2.1), i hvilket flerheden af

elektronisk drevne ventiler (Vprop, Vbypass, V1

- V4) styres til at cirkulere veeske fra tanken (13) gennem de modsvarende
trykledninger i to eller flere hydrauliske cylinderindretninger (10) i det hydrauliske
system (1) og tilbage til tanken (13), indtil veeskens temperatur har naet et andet
midlertidigt niveau (Tirt_2), 0g et andet trin (S2.2), i hvilket flerheden af elektronisk

drevne ventiler (Vprop, Vbypass, V1

- V4) styres til at cirkulere veeske fra tanken (13) gennem de modsvarende
trykledninger i en enkeltstaende hydraulisk cylinderindretning (10) i det
hydrauliske system (1) og tilbage til tanken (13), indtil vaeskens temperatur har

naet et gnsket driftsniveau (Top)-

2. Fremgangsmade ifglge krav 1, hvilken fremgangsmade omfatter en initial
fase (S0), i hvilken flerheden af elektronisk drevne ventiler (Vprop, Vioypass, V1 - V4)
styres til at udligne systemtrykket fra en akkumulatorindretning (11).

3. Fremgangsmade ifglge krav 2, hvilken fremgangsmade omfatter en
afsluttende fase (S3), i hvilken flerheden af elektronisk drevne ventiler (Vprop, Vbypass,
V1 - V4) styres til at fylde akkumulatorindretningen (11) med opvarmet vaeske.
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2

4. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvor
flerheden af elektronisk drevne ventiler (Vprop, Vibypass, V1 - V4) omfatter
proportionalventiler (Vprop) malrettet alle hydrauliske cylinderindretninger (10), hvor
de malrettede proportionalventiler (Vorop) af alle hydrauliske cylinderindretninger
(10) styres under den anden fases (S2) forste trin (S2.1) til at cirkulere vaeske fra
tanken (13) gennem de modsvarende trykledninger og tilbage til tanken (13), indtil
vaeskens temperatur har naet sit andet midlertidige niveau (Tint 2).

5. Fremgangsmade ifalge krav 4, hvor den malrettede proportionalventil
(Vprop) i €n enkeltstaende hydraulisk cylinderindretning (10), i den anden fases
(S2) andet trin (S2.2), styres til at cirkulere veeske fra tanken (13) gennem den
modsvarende trykledning og tilbage til tanken (13), indtil vaeskens temperatur har

naet det gnskede driftsniveau (Ton).
6. Hydraulisk system (1), omfattende mindst

- en flerhed af hydrauliske cylinderindretninger (10), en akkumulatorindretning
(11) og en tank (13), der er forbundet ved hjeelp af vaeskeledninger, og en pumpe

(12), der er indrettet til at fore veeske gennem vaeskeledningerne;

- en flerhed af elektronisk drevne ventiler (Vprop, Vbypass, V1 - V4), der er
anbragt i vaeskeledningerne, hvilken flerhed af elektronisk drevne ventiler (Vprop,
Vbypass, V1 - V4) omfatter en omlgbsventil (Vbypass); 09

- en styreenhed, der er konfigureret til at udfere fremgangsmaden ifglge
krav 1 til 5 for at gge vaeskens temperatur fra en minimumsdriftstemperatur

(Teold) for et anlaeg til den agnskede driftstemperatur (Top) for anleegget.

7. Hydraulisk system ifglge krav 6, omfattende et omlgbskredslgb (1B),
hvilket omlgbskredslab (Poypass) omfatter omlgbsventilen (Viypass), en forste
veeskeledning mellem tanken (13) og omlgbsventilen (Vbypass) 0g en anden
veeskeledning mellem omlgbsventilen (Vbypass) 0g tanken (13).

8. Hydraulisk system ifglge krav 6 eller krav 7, omfattende en
temperatursensorindretning (14), der er konfigureret til at male
veesketemperaturen i tanken (13).



10

15

20

DK/EP 4320357 T3
3

9. Hydraulisk system ifglge et hvilket som helst af krav 6 til 8, uden et
yderligere opvarmningsapparat i tanken (13).

10. Vindmglle omfattende en flerhed af rotorblade og en rotorblad-
pitchingindretning, hvilken pitchingindretning omfatter et hydraulisk system (1)
ifglge et hvilket som helst af krav 6 til 9.

11. Vindmglle ifglge krav 10, hvor hver af flerheden af hydrauliske
cylinderindretninger (10) omfatter en eller flere hydrauliske cylindre (10), som er

indrettet til at bevirke vinkelrotation af et respektivt rotorblad om sin lzengdeakse.

12. Vindmglle ifglge krav 10 eller krav 11, med en minimumsdriftstemperatur
(Tcola) i omradet omkring -30 °C.

13. Vindmglle ifglge krav 12, hvor det hydrauliske systems (1)

hydraulikvaeske har et viskositetsindeks pa hajst 160.

14. Vindmeglle ifglge krav 13, hvor pumpen (12) er konstrueret pa grundlag af

hydraulikveeskens viskositet ved vindmgllens minimumsdriftstemperatur (Tcola).

15. Computerprogramprodukt, omfattende et computerprogram, der kan
indleeses direkte i en hukommelse i styreenheden til et hydraulisk system ifalge
et hvilket som helst af krav 6 til 9, og som omfatter programelementer til
udfarelse af trin i fremgangsmaden ifglge et hvilket som helst af krav 1 til 5, nar
computerprogrammet afvikles af styreenheden.
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