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DESCRIPTION

FIELD

[0001] The present disclosure relates to a lubrication system for a drive train of a wind turbine
comprising a gearbox and the present invention concerns a gearbox of a drive train of a wind
turbine.

BACKGROUND

[0002] Drive trains for wind turbines as well as lubrication systems for drive trains are well
known. Document EP 2 246 562 A2 discloses a gearbox of a drive train of a wind turbine, the
gearbox having a lubrication system, a drain valve and gearbox stages with siphons and
internal oil levels.

[0003] Wind turbines are commonly set up and operated in remote locations that cannot be
reached quickly, for example wind turbines that are part of an off-shore wind park. Therefore
wind turbines need a lubrication system that provides ample lubrication at all times, especially
when the turbine is operated in idling without grid connection which is the case right after
installation of the wind turbine, before commissioning is completed and grid connection is
established or when the turbine lost connection to the grid due to other circumstances. In these
situations the lubrication of gears and bearings must be obtained without auxiliary power being
available.

[0004] For this reason, drive trains usually comprise oil sumps that are configured to provide
the necessary lubrication to the respective components. The problem in the gearbox is that the
oil level of the gearbox oil sump is limited by the sealings on the gearbox input shaft (and
output shaft) which do not allow to increase the sump level higher than the lowest point of the
sealing. In a standard gearbox design, this means that only a part of the two stage gearbox
can be lubricated by the oil sump.

SUMMARY

[0005] It is an object of the invention to provide an improved lubrication system for a drive train
of a wind turbine. The invention achieves this object by providing a gearbox of a drive train of a
wind turbine according to independent claim 1. Optional features are defined in dependent
claims 2-5.

[0006] A lubrication system for a drive train of a wind turbine comprises an oil reservoir having
an outlet, a supply valve, a gearbox having an oil inlet and oil outlet, a drain valve and a
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siphon. The oil reservoir is coupled to the supply valve and the supply valve is coupled to the
inlet of the gearbox. The oil outlet of the gearbox is coupled to the drain valve and to a first end
of the siphon. The supply valve is configured to open in an off-grid state of the wind turbine
and the drain valve is configured to close in the off-grid state of the wind turbine. The siphon is
configured to adjust an internal oil level in the gearbox in the off-grid state of the wind turbine.

[0007] The first end of the siphon is coupled to the oil outlet of the gearbox and/or to an oil
overflow port of the gearbox.

[0008] The siphon has a second end being coupled to a second side of the drain valve and/or
the oil tank and an elevated part between the first end and the second end. The geodetic
height of the elevated part corrensponds to the internal oil level during the off-grid state of the
wind turbine.

[0009] The gearbox is a two stage gearbox. The first stage has a first internal oil level and the
second stage has a second internal oil level in the off-grid state of the wind turbine.

[0010] The first internal oil level and the second internal oil level can differ from each other.

[0011] The lubrication system comprises further a second siphon having a first end and a
second end.

[0012] The second siphon can have an elevated part between the first end and the second
end. The geodetic height of the elevated part of the second siphon can correspond to the
second internal oil level during the off-grid state of the wind turbine. The geodetic height of the
elevated part of the first siphon can correspond to the first internal oil level during the off-grid
state of the wind turbine.

[0013] The first stage of the gearbox has a first oil outlet. The second stage of the gearbox has
a second oil outlet.

[0014] The second oil outlet of the gearbox can be coupled to a second drain valve.

[0015] The first end of the second siphon is coupled to the second oil outlet of the second
stage of the gearbox and/or to a second oil overflow port of the gearbox. The second end of
the second siphon can be coupled to a second side of the second drain valve.

[0016] . The first end of the second siphon is coupled to the second oil outlet of the second
stage of the gearbox and/or to a second oil overflow port of the gearbox. The second end of
the second siphon is coupled to the first oil outlet of the first stage of the gearbox.

[0017] The first siphon can be a breather siphon.

[0018] The second siphon can be a breather siphon.
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[0019] The second side of the first drain valve can be coupled to an oil tank.
[0020] The second side of the second drain valve can be coupled to an oil tank.

[0021] The second side of the second drain valve can be coupled to the first oil outlet of the
first stage of the gearbox.

BRIEF DESCRIPTION OF DRAWINGS

[0022]
FIG. 1 is a simplified schematic drawing of a wind,

FIG. 2 is a simplified perspective view on the drive train of wind turbine of FIG. 1 comprising a
lubrication system according to an embodiment of the present invention,

FIG. 3 is a simplified perspective view on the lubrication system of the embodiment of FIG. 2,

FIG. 4 is a simplified schematic hydraulic diagram illustrating the operation of the lubrication
system according to embodiments for a wind turbine mode with grid-connection,

FIG. 5 is a simplified schematic hydraulic diagram illustrating the operation of the gearbox
section of the lubrication system of the embodiment of FIG. 4 for a wind turbine mode without
grid connection,

FIG. 6 is a simplified schematic hydraulic diagram illustrating the operation of the main shaft
and generator section of the lubrication system of the embodiment of FIG. 4 for a wind turbine
mode without grid connection,

FIG. 7 is a simplified sectional view of the main shaft arrangement of the embodiment of FIG.
2, showing a front main bearing and a rear main bearing,

FIG. 7 is a simplified detailed sectional view of the front main bearing of the main shaft
arrangement of the embodiment of FIG. 2,

FIG. 8 is a simplified detailed sectional view of the rear main bearing of the main shaft
arrangement of the embodiment of FIG. 2,

FIG. 9 is a simplified sectional view of the front main bearing of FIG. 2,

FIG. 10 is a simplified sectional view of the gearbox of the embodiment of FIG. 2, showing a
deflection device and a supply passage as well as an overflow device and a backflow passage,

FIG. 11 is a simplified detailed view of the deflection device and supply passage of FIG. 10,

FIG. 12 is a simplified detailed view of the overflow device and backflow passage of FIG. 10,
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FIG. 13 is a simplified perspective view of the gearbox including its return piping of the
embodiment of FIG. 2,

FIG. 14 is a simplified schematic hydraulic diagram illustrating the return piping of the gearbox
section according to the embodiment of FIG. 13,

FIG. 15 is a simplified perspective view of the return piping of FIG. 13,

FIG. 16 is a simplified schematic hydraulic diagram illustrating the return piping of a gearbox
section according to a further embodiment,

FIG. 17 is a simplified schematic hydraulic diagram illustrating the return piping of a gearbox
section with a single oil level according to a further embodiment,

FIG. 18 is a simplified schematic hydraulic diagram illustrating the return piping of a gearbox
section with a single oil level according to a further embodiment,

FIG. 19 is a simplified perspective view of the return piping of the gearbox section according to
the embodiment of FIG. 18,

FIG. 20 is a simplified perspective view of the return piping of the gearbox section according to
a further embodiment, and

FIG. 21 is a simplified perspective view of the return piping of the gearbox section according to
the embodiment of FIG. 20.

DETAILED DESCRIPTION OF EMBODIMENTS

[0023] FIG. 1 shows a wind turbine 10 comprising a nacelle 12 with a drive train 100 atop of a
tower 14 and three rotor blades 16 drivingly connected to the drive train 100.

[0024] The wind turbine 10 can be part of a wind park, more particular an off-shore wind park.

[0025] FIG. 2 is a simplified perspective view of the drive train 100 comprising a lubrication
system 200 according to an embodiment. The drive train 100 comprises a main shaft
arrangement 101 including a main shaft bearing, a gearbox 103 and a generator 104. There is
further a lubrication system 200 which comprises among others, a main lubrication liquid (oil)
tank 201 including main oil pumps 216 and oil filters 215, a lubrication liquid-water (oil-water)
heat exchanger 202, offline filters 203 and a main lubrication liquid (oil) reservoir 204, as well
as several piping arrangements, as for example the return piping 205 of the main shaft
bearing, and the return piping 206 of the gearbox. Furthermore, there is an oil distribution
block 218 (see FIG. 3) for distributing the oil.

[0026] In this embodiment, there are three oil pumps 216 in parallel. Two pumps cover full flow
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and one pump is redundant. The oil pumps 216 are driven by a frequency converter (not
shown). The oil flow is a function of the oil temperature. A typical or nominal value for the oil
flow is 475 I/min (liters per minute). This value comprises an oil flow of 400 I/min for the
gearbox 103, an oil flow of 60 I/min for the main shaft bearing/arrangement 101 and an oil flow
of 15 I/min for the generator bearings and high-speed stage (HSS) spline 104. There are
further three filter cartridges 215 in parallel including a fine filter with a size of 10 ym and a
security coarse filter having a size of 50 ym. The minimum oil volume is about 1900 | (+20%
air). There are further a security relief valve and air filters. The system has a 15 kW immersed
heating capacity. It is configured against oil burning and the components are dimensioned for a
two years maintenance period.

[0027] FIG. 3 is a simplified perspective view on the lubrication system 200 of the embodiment
of FIG. 2. The lubrication system 200 is shown in more detail, while the components of the
drive drain 100 are omitted. There is an inlet piping 301 for the main shaft bearing, an inlet
piping 302 for the gearbox and an inlet piping 303 for the generator. There is also a fluidic
circuit 250 for a liquid, in particular water-glycol that serves to heat or cool the lubrication liquid,
i.e. the oil. The fluidic circuit 250 comprises a water-glycol/air heat exchanger 207, a reservoir
for the water-glycol 209, a pump 208 for the fluidic circuit 250 and some piping 210, 211 and
212 for coupling the water-glycol/air heat exchanger 207, the reservoir 209 and the pump 208
to each other and to the oil/water heat exchanger 202 for heating or cooling the oil.

[0028] The oil heating process after a cold start-up of the wind turbine comprises the following
stages. Initially, the temperature of the oil inside the main oil tank 201 is greater than minus 10°
C and lower than plus 10° C. The 15 kW immersed heaters of the main oil tank 201 are
started. The offline pump is started to stir the oil. At this stage, there is no oil pumped to the
components of the drive train 100, i.e. to the gearbox 103, the main shaft bearings 101 and the
generator 104. In the water-glycol circuit 250, the water-glycol circuit pump 208 starts and a 30
kW water-glycol heater 207 starts. The temperature of the water-glycol is regulated between
30° C and 32° C. A water-glycol thermostatic valve is closed (valve range 35°C to 40°C). The
oil temperature inside the main oil tank 201 is then greater than 10° C and lower than 35° C.
The main pump 216 starts supplying oil to the gearbox 103 according to its programmed ramp
(predetermined scheme). The pumped oil is heated in the heat exchanger 202 and oil is fed to
the gearbox 103, the main shaft bearings 101 and the generator and spline 104 with a
temperature of about 30° C to 32° C.

[0029] The oil cooling process is the usual status during turbine power generation (production
mode or run-connected operating mode). The oil temperature measured in the distribution
manifold block 218 is above 35° C. The main pump 216 continues supplying oil to the gearbox
103 according to its programmed ramp (predetermined scheme). The 15 kW immersed
heaters are off. In the water-glycol circuit 250, the 30 kW water heater 207 is off. The
thermostatic valve starts opening at 35° C and it is fully opened at 40° C. Cooler fans start
operating gradually at 40° C. All cooler fans are at full speed below 45° C.

[0030] The components of the lubrication system 200 are generally coupled in fluidic
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communication in order to lubricate the components 101, 103, and 104 of the drive train with
lubrication liquid, in particular oil. The oil is filtered and appropriately tempered, i.e. it is heated
or cooled.

[0031] The main reservoir 204 generally serves to provide oil to the drive train 100 in specific
modes of operation of the wind turbine 10. The main reservoir 204 is split in two reservoirs
214, 224 or comprises two reservoirs 214, 224 (see FIG. 4). In this embodiment, there is a first
reservoir 214 which is configured and coupled to supply oil to the main shaft bearing 101 and
to the generator 104, and a second reservoir 224 which is configured and coupled to supply oil
to the gearbox 103.

[0032] In general, the inlet for the oil supply during normal operation and from the reservoir
can be different.

[0033] The second reservoir 224 has an oil outlet 306 (see FIG. 5) coupled in fluidic
communication to the inlet piping 302 for the gearbox 103.

[0034] The gearbox 103 has an oil inlet 308 (see FIG. 5) coupled in fluidic communication to
the inlet piping 302 and an oil outlet 310 coupled in fluidic communication to the return piping
206 of the gearbox 103.

[0035] The wind turbine 10 can have several different operating modes. Two general modes of
operation can be distinguished: a normal mode and an off-grid mode.

[0036] The normal operating mode can comprise five operating modes: a run-connected
mode, a run mode, a pause mode, a stop mode and an emergency mode. The following table
indicates some parameters for the different modes.

TABLE 1: Operating modes of wind turbine

Mode/Par. Grid jrpm LSS Prod. DValve {SValve i Main

Nom./Max Pump
Emergency Yes {0/2 No Closed {Closed jLow
Stop Yes {0/2 No Closed {Closed jLow
Pause Yes {x/2 No Closed {Closed jLow
Run Yes {x/3 No Open {Closed {Predet.
Run-con. Yes {9.9/14 Yes Open {Closed jPredet.
Off-grid No 1i0/2 No Closed {Open iNo
Off-grid with {No 0,5 *nom Self Closed {Open {Predet.
GLS consumption

[0037] Emergency mode, stop mode and pause mode are also commonly referred to as idling
modes. The run-connected mode can also be referred to as production mode, as this is the
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only mode in which the wind turbine delivers power to the grid.

[0038] In TABLE 1 the column "Grid" indicates whether the wind turbine is connected to the
grid or not. The column "rpm LSS Nom./Max" indicates the rounds per minute of the low speed
stage (LSS) and in particular the nominal value and the maximum value of the rounds per
minute. The column "Prod." indicates whether the wind turbine is producing or generating
power, i.e. whether it is in production mode. The column "DValve" indicates whether a drain
valve which is coupled between the drive train and the main tank is open or closed. The DValve
is a fail safe valve that automatically closes, when it is not supplied with power. The column
"SValve" relates to a supply valve that is coupled between the main reservoir 204 and the drive
train 100. This type of valve is also fail safe and automatically opens, when it is not supplied
with power. The column "Main Pump" relates to the main pump 216 of the lubrication circuit
200. There can also be several pumps 216 in the system.

[0039] In the emergency mode, the wind turbine 10 is coupled to the grid and has a nominal
rotational speed of O rpm and maximum rotational speed of 2 rpom. The wind turbine 10 does
not produce energy. The drain valve DValve is closed and the supply valve SValve is closed
too. The main pump 216 operates but with very few rotations per minute.

[0040] In the stop mode, the wind turbine 10 is coupled to the grid and has a very low nominal
rotational speed of O rpm and maximum rotational speed of 2 rpom. The wind turbine 10 does
not produce energy. The DValve is closed and the SValve is closed too. The main pump 216
operates but with very few rotations per minute. The stop mode is comparable to the
emergency mode above. But unlike the above emergency mode, the stop mode is an
intentional or planned mode of operation.

[0041] In the pause mode, the wind turbine 10 is coupled to the grid and has a nominal
rotational speed of x rpm and maximum rotational speed of 2 rpm. The wind turbine 10 does
not produce energy. The DValve is closed and the SValve is closed too. The main pump 216
operates but with very few rotations per minute.

[0042] In the run mode, the wind turbine 10 is coupled to the grid and has a nominal rotational
speed of x rpm and maximum rotational speed of 3 rpm. The wind turbine 10 does not produce
energy. The DValve is open and the SValve is closed. The main pump 216 operates but with a
predetermined value of rounds per minute, according to a predetermined scheme.

[0043] In the run-connected (run-con.) mode (production mode), the wind turbine 10 is
coupled to the grid and the rotor (LSS) has a nominal rotational speed of 9.9 rpm and
maximum rotational speed of 14 rpm. The wind turbine 10 produces energy. The DValve is
open and the SValve is closed. The main pump 216 operates but with a predetermined value
of rounds per minute, i.e. according to a predetermined scheme.

[0044] In the off-grid mode, the wind turbine 10 has lost the electrical connection to the grid
(grid-loss). The rotor (LSS) has a nominal rotational speed of 0 rpm and maximum rotational
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speed of 2 rpm. The wind turbine 10 does not produce energy. The drain valve DValve is
closed and the supply valve SValve is open. The main pump 216 does not operate. The off-
grid mode is also an emergency mode but in combination with an off-grid situation, i.e. the
wind turbine 10 has lost connection to the power grid and therefore is unable to inject and/or
drain power from the grid. The off-grid mode is the only operating mode in which the drain
valve DValve is closed and the supply valve SValve is open. This means that the lubrication is
then performed by supplying the oil from the main reservoir 204 to components 101, 103, 104
of the drive train 100. The drain valve DValve is configured to create an oil sump in at least one
component 101, 103, 104 of the drive train 100. This component can be the gearbox 103. In all
the other operating modes (emergency, stop, pause, run, run-con.) where the grid connection
is not lost, the main pump 216 still operates and supplies the oil to the components 101, 103,
104 of the drive train 100. Only in the off-grid mode, the main reservoir 204 is opened for
supplying the components 101, 103, 104.

[0045] In the off-gird GLS mode (production mode, limited to the self-consumption of energy of
the wind turbine during operation) the wind turbine 10 has lost the connection to the grid.
Preferably, the rotor (LSS) has an approx. 50% of the nominal rotational speed of 9.9 rpm and
maximum rotational speed of 14 rpm. The wind turbine 10 produces energy. The DValve is
open and the SValve is closed. The main pump 216 operates but with a predetermined value
of rounds per minute, i.e. according to a predetermined scheme.

[0046] FIGs. 4 to 6 show simplified schematic hydraulic diagrams illustrating the operation of
the lubrication system 200 according to embodiments and the respective modes of the wind
turbine. FIG. 4 shows the schematic hydraulic diagram when the wind turbine 10 has grid-
connection, while FIGs. 5 and 6 show the schematic hydraulic diagram for the gearbox 103
section and the main shaft 101 / generator section 104 respectively when the wind turbine 10
lost grid connection. Only the most relevant components for the lubricating system 200 and
method of the present invention are shown. There is the main shaft bearing 101, the gearbox
103 and the generator (and spline) 104. There is also the main oil tank 201 including the main
pumps 216 and a flow divider 220. Still further there are two oil reservoirs, the first oil reservoir
214 and the second oil reservoir 224which form together the main reservoir 204.

[0047] Furthermore there are various valves V1 to V7 and one or more siphons 500 coupled
into the return piping 206 of the gearbox 103.

[0048] Valve V1 and valve V2 are coupled between the gearbox 103 oil outlet and the main oil
tank 201. These two valves operate as one or more drain valves (DValve). They are fail-safe
and automatically close in off-grid condition of the wind turbine 10.

[0049] Valve V3 is coupled between the oil outlet of the second reservoir (gearbox reservoir
tank) 224 and the oil inlet of the gearbox 103. Valve V4 is coupled between an oil outlet of the
first reservoir (main shaft, generator and spline reservoir tank) 214 and an oil inlet of the main
shaft bearing 101. Valve V5 is coupled between an oil outlet of the first reservoir (main shaft,
generator and spline reservoir tank) 214 and an olil inlet of the generator 104 including the
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spline. Valve V3, V4 and V5 are supply valves (SValve). They are fail-safe and automatically
open in off-grid condition of the wind turbine 10.

[0050] In another embodiment, the valves V4 and V5 can be configured to provide the oil in
certain intervals, controlled by an autonomous controller supplied from a separate energy
storage, e.g. by batteries.

[0051] The flow divider 220 is generally coupled between an outlet of the main oil tank 201 and
inlets of the first reservoir 214, the second reservoir 224 and the gearbox 103.

[0052] Valves V6 and V7 are coupled between the flow divider 220 and the inlets of the first
reservoir 214 and the second reservoir 224, respectively. V6 and V7 only open for refilling the
oil reservoirs 214, 224.

[0053] The main shaft bearing (or main shaft arrangement) 101 is generally configured to
comprise a permanent internal oil sump 231.

[0054] In another embodiment, the main shaft bearing and/or the generator bearings could be
configured to have additional closing valves to create the oil bath for off-grid operation.

[0055] The generator (and spline) 104 are also generally configured to comprise a permanent
internal oil sump 234.

[0056] In the present embodiment, the gearbox 103 is not generally configured to comprise a
permanent internal oil sump, as this would reduce the performance during normal operation.

[0057] Accordingly, there is one component, i.e. the gearbox 103 that needs a different
concept for lubrication in an off-grid situation than the other components, i.e. the main shaft
bearing 101 and generator 104.

TABLE 2: OFF-GRID MODE (GEARBOX TRANSITION FROM DRY TO SUMP)

Valve GRID OFF-GRID
VA1 OPEN CLOSED
V2 OPEN CLOSED
V3 CLOSED OPEN

V4 CLOSED CLOSED
V5 CLOSED CLOSED
V6 CLOSED CLOSED
V7 CLOSED CLOSED

[0058] TABLE 2 indicates the states of the valves for a transition of the lubrication mode from a
wind turbine mode with grid-connection (see FIG. 4) to a mode without grid connection (off-
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grid) (see FIG. 5), but only for the gearbox. If the connection to the grid is suddenly lost, the
gearbox return line electro valves V1 and V2 are automatically closed and the valve V3 of the
gearbox reservoir tank 224 outlet is automatically opened to create an oil sump 233 inside
gearbox 103. One or more gearbox return line siphons 500 set a maximum oil level inside the
gearbox 103. The oil pours from the gearbox reservoir tank 224 to the gearbox sump 233 and
is only driven by gravity. The filling of the gearbox 103 can be controlled by level sensors 242
placed in the gearbox 103, the reservoir tank 224 and/or the main oil tank 201. Valves V4 to V7
remain unchanged in a closed state. V6 and V7 only open for refiling the oil reservoirs 214,
224.

TABLE 3: OFF-GRID MODE (MAIN SHAFT AND GENERATOR SUPPLY)

Valve GRID OFF-GRID
VA1 OPEN OPEN

V2 OPEN OPEN

V3 CLOSED CLOSED
V4 CLOSED OPEN

V5 CLOSED OPEN

V6 CLOSED CLOSED
V7 CLOSED CLOSED

[0059] TABLE 3 indicates the states of the valves for a transition of the lubrication mode from a
wind turbine mode with grid-connection (see FIG. 4) to a mode without grid connection (off-
grid) (see FIG. 6), but only for the main shaft bearing 101 and the generator (and spline) 104.
If the connection to the grid is suddenly lost, the supply valves V4 and V5 coupled between the
first reservoir 214 and the inlets of the main shaft bearing 101 and the generator 104,
respectively, are opened. The internal oil sumps 231, 234 of the main shaft bearing 101 and
the generator 104 are refilled continuously or in intervals . The oil only drains form the
reservoir 214 to the oil sumps 231, 234 of the main shaft bearing 101 and the generator 104
by gravity. There are, however, controlled drain restrictors 244 restricting the volume flow rate
of the oil. The bearings of the main shaft arrangement 101 and the generator 104 are
designed to comprise remaining oil sumps 231, 234 for idling situations. V1, V2, V3, V6 and V7
remain unchanged.

TABLE 4: OFF-GRID MODE (ALL)

Valve GRID OFF-GRID
VA1 OPEN CLOSED
V2 OPEN CLOSED
V3 CLOSED OPEN

V4 CLOSED OPEN

V5 CLOSED OPEN

V6 CLOSED CLOSED
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Valve GRID OFF-GRID
V7 CLOSED CLOSED

[0060] TABLE 4 indicates the states of the valves for a transition of the lubrication mode from a
wind turbine mode with grid-connection (see FIG. 4) to a mode without grid connection (off-
grid) for the main shaft bearing, the gearbox and the generator (combined FIGs. 5 and 6). If
the connection to the grid is suddenly lost, the supply valves V4 and V5 coupled between the
first reservoir 214 and the inlets of the main shaft bearing 101 and the generator 104,
respectively, are opened. The internal oil sumps 231, 234 of the main shaft bearing 101 and
the generator 104 are continuously refilled. The oil only drains form the reservoir 214 to the oil
sumps 231, 234 of the main shaft bearing 101 and the generator 104 by gravity. There are,
however, controlled drain restrictors 244. The bearings of the main shaft arrangement 101 and
the generator 104are designed to comprise remaining oil sumps 231, 234 for idling situations.
The gearbox return line electro valves V1 and V2 are automatically closed and the valve V3 of
the gearbox reservoir tank 224 outlet is automatically opened to create an oil sump 233 inside
gearbox 103, while the one or more gearbox return line siphons 500 set a maximum oil level
inside the gearbox 103. The oil pours from the gearbox reservoir tank 224 to the gearbox
sump 233 and is only driven by gravity. V6 and V7 only open for refilling the oil reservoirs 214,
224 and remain therefore unchanged.

[0061] In an alternative embodiment the lubrication system 200 can comprise drain valves
controlled by a separate energy storage to provide a specific volume flow from the first
reservoir 214 to the main shaft 101 and/or generator 104 in certain intervals. These drain
valves can be provided instead of or in addition to the drain restrictors 244.

[0062] Before the lubrication system 200 switches back to an on-grid mode, the oil reservoirs
214, 224 are refilled. The respective level sensors 242 of reservoirs 214, 224 are used to
safeguard that the reservoirs 214, 224 filled and therefore able to supply oil to the main shaft
bearing 101, gearbox 104 and the generator 104, in the case that the wind turbine 10 loses
connection to the grid again.

[0063] In this way, the gearbox 103 is lubricated with an appropriate amount of lubrication
liquid which is injected through inlet piping 302 during normal operation (on-grid mode),
instead of a permanent internal oil sump which would reduce the performance due to friction
losses. The oil sump 233 in the gearbox 103 is only created when the wind turbine 10 loses
connection to the grid to protect the gearbox 103 during periods in which pumps 216 are not
running.

[0064] In another method, the oil sump 233 in the gearbox 103 is also created when the wind
turbine 10 switches to idling operation and is still connected to the grid, while the pumps 216

are running in a reduced/interval mode.

[0065] Although the main shaft arrangement 101 and the generator 104 are designed to
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comprise oil sumps 231, 234 at all times, oil reservoir 214 can provide a steady flow of
lubrication liquid (respective an flow in intervals) to ensure that the bearings of the main shaft
arrangement 101 and the generator 104 are well lubricated during periods in which pumps 216
are not running.

[0066] By providing a first oil reservoir 214 with a first amount of lubrication liquid for the main
shaft arrangement 101 and generator 104 and a separate second oil reservoir 224 with a
second amount of lubrication liquid for the gearbox, allows for the immediate creation of an oil
sump 233 in the gearbox 103 with the second amount of lubrication liquid when the wind
turbine 10 loses connection to the grid and at the same time retains the first amount of
lubrication liquid to guarantee a steady supply of lubrication liquid for the main shaft
arrangement 101 and generator 104, all without the need for any additional controlling means.

[0067] Also by locating the oil reservoirs 214, 224 at a geodetic height that is higher than the
oil levels of the respective oil sumps 231, 233, 234, gravity can be used as the primary, more
particular the only, driving force for supplying lubrication liquid to the respective sections of the
drive train 100.

[0068] In this way the lubrication system 200 is optimal for safeguarding the proper lubrication
of the drive train 100 during off-grid periods and is highly failsafe.

[0069] FIG. 7 is a detailed view of a first section 401 of the main shaft arrangement 101
showing a front main bearing 402. The front main bearing 402 comprises labyrinth sealings
406 at opposite ends in axial direction which are designed to retain lubrication liquid and create
a front bearing oil chamber 408 which contains a first part of the oil sump 231 of the main shaft
101.

[0070] FIG. 8 is a simplified detailed view of a second section 403 of the main shaft
arrangement 101 showing a rear main bearing 404. The rear main bearing 404 comprises
labyrinth sealings 406 at opposite ends in axial direction which are designed to retain
lubrication liquid and create a rear bearing oil chamber 410 which contains a second part of
the oil sump 231 of the main shaft 101.

[0071] The main shaft assembly 101 comprises heaters 412 (see FIG. 9) for the front main
bearing 402 which are designed to heat the lubrication liquid in the front bearing oil chamber
408.

[0072] In the same way heaters 412 are provided for the rear main bearing 404 to heat the
lubrication liquid in the rear bearing oil chamber 408.

[0073] The main shaft assembly 101 further comprises separate temperature sensors 414 for
the front and rear bearing oil chamber 408, 410 which are used to monitor the temperature of
the lubrication liquid inside the front and rear bearing oil chamber 408, 410 respectively.
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[0074] The heaters 412 are used during a cold start-up phase of the drive train 100 to
increase the temperature of the lubrication liquid in the front and rear bearing oil chamber 408,
410 respectively if the temperature of the lubrication liquid is below a specific threshold, for
example below 10°C. When the temperature of the lubrication liquid reaches 10-15° C the
drive train 100 is set in motion. Afterwards, the lubrication liquid is continuously heated by the
heaters 412 until the temperature of the lubrication liquid reaches a set temperature in the
range of 40-45° C. When this set temperature is reached the heaters 412 are switched off. The
power of the heaters 412 can be reduced prior to reaching the set temperature, for example
with a ramp. Further the heaters 412 can be used at any time during any mode the drive train
100 is running to increase the temperature of the lubrication liquid, especially when the
temperature of the lubrication liquid falls below the set temperature.

[0075] The heaters 412 for the front and rear bearing oil chamber 408, 410 can be controlled
independently from each other.

[0076] In the invention the gearbox 103 is a two stage gearbox (see FIG. 10) and in one
embodiment it comprises a planetary gear with a first stage 110 and a second stage 112. The
planetary gearbox is configured to convert a slow rotary motion of the gearbox input shaft (not
shown) on the main shaft side 114 of the gearbox 103 into a more rapid rotary motion of a
gearbox output shaft (not shown) on the opposite generator side 116 of the gearbox 103.

[0077] The gearbox 103 is inclined to the horizontal plane by an angle a of 5°. In an alternative
embodiment the angle a can be in the range of 0° and 15°.

[0078] The gearbox 103 further comprises a separation wall 118 that at least partially
separates the first stage 110 from the second stage 112.

[0079] The first stage 110 has a first oil sump 120 with a first internal oil level 122 and the
second stage 112 has a second oil sump 124 with a second internal oil level 126.

[0080] The first internal oil level 122 is at a geodetic lower level than the second internal oil
level 126.

[0081] The separation wall 118 comprises an internal supply passage 128 for supplying
lubrication liquid (oil) from the first stage 110 to the second stage 112.

[0082] The separation wall 118 further comprises an internal backflow passage 130 for
supplying lubrication liquid (oil) from the second stage 112 to the first stage 110.

[0083] The supply passage 128 is located at a geodetic higher level than the backflow
passage 130.

[0084] The gearbox 103 further comprises a deflection device 132 located at least at the same
geodetic height as the supply passage 128 and is provided to direct oil from the first stage 110
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to the supply passage 128.

[0085] In an alternative embodiment the supply passage 128 is at least partially an external
supply passage, more particular wherein the supply passage 128 runs outside of the
separation wall 118.

[0086] In a further embodiment the backflow passage 130 is at least partially an external
backflow passage, more particular wherein the backflow passage 130 runs outside of the
separation wall 118.

[0087] FIG. 11 shows a detailed view of the deflection device 132 as well as the supply
passage 128.

[0088] The supply passage 128 has a pot shaped inlet 134 on the side of the first stage 110
and an outlet 136 on the side of the second stage 112.

[0089] The inlet 134 and the outlet 136 of the supply passage 128 are connected by a supply
channel 138 which runs parallel to or declined from the rotational axis R (see FIG. 10) and
inside the separation wall 118.

[0090] The deflection device 132 is attached to the separation wall 118 on the side of the first
stage 110.

[0091] The deflection device 132 is a plate (see FIG. 11) with an elongated first section 140
perpendicular to the rotational axis R and positioned directly adjacent to (but not touching) the
planetary gear or the planetary carrier of the first stage 110. The first section 140 transitions
into a second section 142 which bends into the separation wall 118 and ends in a tip 144
located above the inlet 134 of the supply passage 128.

[0092] In this way the deflection device 132 collects oil distributed by the rotating planetary
gears in the first stage 110 and directs it to the inlet 134 of the supply passage 128 where the
oil is driven only by gravity from the first stage 110 to the second stage 112.

[0093] According to an alternative embodiment, the deflection device 132 can comprise a
container with open upper end, more particularly with a funnel-like shape, which is designed to
collect the oil distributed by the rotating planetary gears or the planetary carrier in the first
stage 110.

[0094] FIG. 12 shows a detailed view of the backflow passage 130.

[0095] The backflow passage 130 has a pot shaped inlet 146 on the side of the second stage
112 and an outlet 148 on the side of the first stage 110.

[0096] The inlet 146 is located at a higher geodetic level than the outlet 148.
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[0097] The inlet 146 and the outlet 148 of the backflow passage 130 are connected by a
backflow channel 150.

[0098] The backflow channel 150 runs in a straight line inside the separation wall 118.

[0099] The second stage 112 comprises an overflow device152 which extends into the
separation wall 118.

[0100] The overflow device 152 has a top edge 154 that defines the maximum height of
second internal oil level 126.

[0101] The overflow device 152 further comprises a drip edge 156 located below the top edge
154, above the inlet 146 of the backflow passage 130 and opposite to the second oil sump
124.

[0102] As a result of this, oil in the second stage 112 exceeding the maximum second internal
oil level 126 flows over the top edge 154 and is channeled by the drip edge 156 into the inlet
146 of the backflow passage 130 where it is driven only by gravity from the second stage 112
to the first stage 110.

[0103] In this way the lubrication system for the gearbox 103 creates a lubrication fluid loop
158 (illustrated by arrows in FIG. 10) that is self-regulating, that supplies the second stage 112
with a defined oil sump 124 and that is only powered by the rotating planetary gears in the first
stage 110 and gravity.

[0104] Embodiments are not limited to lubrication systems 200 comprising a gearbox 103 with
two stages 110, 112, i.e. the gearbox 103 could comprise further stages, in particular with
individual oil levels with increasing geodetic height towards the gearbox 103 output, more
particular with supply and/or backflow passages 128, 130 for supplying oil from one gear stage
to another, especially adjacent, gear stage.

[0105] FIG. 13 shows a side view of the gearbox 103 and the return piping 206 with a first
siphon 501 and a second siphon 502.

[0106] The first siphon 501 has an elevated part 503 between a first end 511 and a second
end 512.

[0107] The second siphon 502 has an elevated part 504 between a first end 513 and a second
end 514.

[0108] The gearbox 103 has a first oil outlet 311 (see FIG. 14) coupled in fluidic
communication to the oil sump 120 of the first stage 110 and a second oil outlet 312 coupled in
fluidic communication to the oil sump 124 of the second stage 112. The vertical line inside the
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gearbox 103 indicates the two oil sumps 120, 124 of the first and second stage 110, 112.

[0109] The first oil outlet 311 is located at the bottom of the first stage 110 and the second oil
outlet 312 is located at the bottom of the second stage 112. The first oil outlet 311and the
second oil outlet 312 are configured to allow for completely draining the first oil sump 120 and
the second oil sump 124 respectively.

[0110] In an alternative embodiment the first and/or second oil outlet 311, 312 (as well as any
further oil outlets) of the gearbox 103 can be an oil overflow port of the gearbox 103.

[0111] The gearbox 103 is coupled via the return piping 206 to the main oil tank 201.
[0112] The main oil tank 201 has a first oil inlet 321 and a second oil inlet 322.

[0113] The return piping 206 comprises the first drain valve V1 which is coupled with a first
side 331 to the first oil outlet 311 and with a second side 332 to the first oil inlet 321.

[0114] The return piping 206 further comprises the second drain valve V2 which is coupled
with a first side 333 to the second oil outlet 312 and with a second side 334 to the second oil
inlet 322.

[0115] The first siphon 501 is coupled with the first end 511 to the first oil outlet 311 and the
first side 331 of the drain valve V1. The first siphon 501 is further coupled with the second end
512 to the second side 332 of the drain valve V1 and the first oil inlet 321. The second siphon
502 is coupled with the first end 513 to the second oil outlet 312 and to the first side 333 of the
drain valve V2. The second siphon 502 is further coupled with the second end 514 to the first
oil outlet 311 and the first side 331 of the drain valve V1.

[0116] The first and the second siphon 501, 502 each have an air valve 520 (see FIG. 15)
coupled to the respective elevated part 503, 504. The air valves 520 are designed to aerate
the respective elevated part 503, 504, thereby providing an air pocket inside the respective
elevated part 503, 504 that ensures the functionality of the siphons 501, 502. In other words,
the first and the second siphon 501, 502 are breather siphons.

[0117] In another embodiment, the elevated parts 503, 504 of the siphons 501, 502 are
connected to the air volume inside the gearbox 103 by means of hoses connected to the
gearbox 103 housing.

[0118] In this way the geodetic height of the elevated part 503 of the first siphon 501 (see FIG.
13) defines the first internal oil level 122 when the drain valve V1 is closed, like during the off-
grid state of the wind turbine 10.

[0119] Further the geodetic height of the elevated part 504 of the second siphon 502 defines
the second internal oil level 124 when the drain valve V2 is closed, like during the off-grid state
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of the wind turbine 10.

[0120] Also, because the second siphon 502 is coupled with the first end 513 to the second oil
outlet 312 and the second end 514 to the first oil outlet 311, the second siphon 502 provides
an external backflow channel for two stage gearboxes 103 that do not comprise an internal
backflow passage 130.

[0121] FIG. 16 shows the simplified schematic hydraulic diagram illustrating the return piping
206 according to a further embodiment.

[0122] In this embodiment the second end 514 of the second siphon 502 is coupled to the
second side 334 of the drain valve V2 and the second oil inlet 322.

[0123] In this way, the oil sump 120, 124 of each stage 110, 112 is coupled independently from
each other to the main oil tank 201.

[0124] FIG. 17 and FIG. 18 each shows the simplified schematic hydraulic diagram illustrating
the return piping 206 according to a further embodiment with a gearbox 103 that is designed
with only a single oil level. This means that the lubrication system provides a single oil sump
233 in any or all stages 110, 112 of the gearbox 103.

[0125] The first single level hydraulic diagram shown in FIG. 17 is comparable to the hydraulic
diagram shown in FIG. 14. But in place of the second siphon 502 the return piping 206 has a
pipeline 530 that is coupled in fluidic communication to the first oil outlet 311 and the second oil
outlet 312.

[0126] The second single level hydraulic diagram shown in FIG. 18 is comparable to the
hydraulic diagram shown in FIG. 17 but lacks the second path with drain valve V2. So that the
second oil outlet 312 is coupled in fluidic communication only to the first oil inlet 321 of the
main oil tank 201.

[0127] FIG. 19 shows a perspective view of the return piping 206 of FIG. 18 that only
comprises a single drain valve, i.e. drain vale V1 and a single siphon, i.e. siphon 501.

[0128] In this way a simple, compact and cost efficient return piping 206 can be provided for a
gearbox 103 with a single oil level 233.

[0129] In all above embodiments the return piping 206 can be coupled to a single oil inlet 321,
322 of the main oil tank 201.

[0130] FIGs. 20 and 21 show a further embodiment of the return piping 206 of the gearbox
103 section in a front view and a rear view respectively.

[0131] In this embodiment the main oil tank 201 (not shown) has a third oil inlet 323.
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[0132] The first siphon 501 is coupled with the first end 511 to the first oil outlet 311 and the
first side 331 of the drain valve V1. The first siphon 501 is further coupled with the second end
512 to the third oil inlet 323. The second siphon 502 is coupled with the first end 513 to the
second oil outlet 312 and to the first side 333 of the drain valve V2. The second siphon 502 is
further coupled with the second end 514 to the first oil outlet 311 and the first side 331 of the
drain valve V1.The first and the second siphon 501, 502 are combined insofar as the first end
511 of the first siphon 501 is designed to be part of the second end 514 of the second siphon
502.

[0133] In this way the space requirements of the return piping 206 can be reduced.

[0134] It is to be noted that the above features and groups of features are not necessarily
coupled with each other although the shown combination is advantageous. As an example, the
specific features of the lubrication system for the off-grid situation, the different oil levels at the
first and second stage with the internal supply passage, and the siphon define separate ideas
which are not coupled obligatorily.
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Patentkrav

1. Gearkasse (103) af en transmission (100) af en vindmelle (10), hvor gear-
kassen har et olieindlgb (308) og et olieudlzb (310) og et smaringssystem
(200), hvor smaringssystemet (200) omfatter,

en oliebeholder (204) med et udizb (306),

en forsyningsventil (V3), en draenventil (V1, V2),

hvor draenventilen (V1, V2) er koblet til olieudlsbet (310) af gearkassen (103),
der er konfigureret til at lukke i en tilstand af vindmallen (10), hvor den ikke er
tilsluttet elnettet,

hvor

oliebeholderen (204) er koblet til forsyningsventilen (V3), og forsyningsventilen
(V3) er koblet til indlgbet (308) af gearkassen (103),

og forsyningsventilen (V3) er konfigureret til at dbne i en tilstand af vindmellen
(10), hvor den ikke er tilsluttet elnettet,

hvor gearkassen (103) omfatter en sifon (500, 501), der er konfigureret til at
justere et internt olieniveau (122, 126) i gearkassen (103) i den tilstand af vind-
mallen (10), hvor den ikke er tilsluttet elnettet, hvilken sifon har en farste ende
(511), en anden ende (512) og en forhgjet del (503) mellem den farste ende
(511) og den anden ende (512), hvor olieudlgbet af gearkassen (103) er koblet
til den ferste ende (511) af sifonen (501),

og hvor den anden ende (512) af sifonen (500, 501) er koblet til en anden side
(332, 334) af dreenventilen (V1, V2), og den geodeetiske hgjde af den forhe-
jede del (503) svarer til det interne olieniveau (122, 126) under den tilstand af
vindmgllen (10), hvor den ikke er tilsluttet elnettet,

hvor gearkassen (103) er en to-trins gearkasse (103), og det fgrste trin (110)
har et farste internt olieniveau (122), og det andet trin (112) har et andet internt
olieniveau (126) i den tilstand af vindmallen (10), hvor den ikke er tilsluttet el-
nettet,

hvor det fgrste trin (110) af gearkassen (103) har et farste olieudisb (311), og
det andet trin (112) af gearkassen (103) har et andet olieudigb (312),
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hvor gearkassen (103) yderligere omfatter en anden sifon (502) med en fgrste
ende (513) og en anden ende (514), og hvor den ferste ende (513) af den
anden sifon (502) er koblet til det andet olieudisb (312) af det andet trin (112)
af gearkassen (103), og den anden ende (514) af den anden sifon (502) er
koblet til det ferste olieudlsb (311) af det farste trin (110) af gearkassen (103).

2. Gearkassen ifglge krav 1, hvor det fgrste interne olieniveau (122) og det

andet interne olieniveau (126) adskiller sig fra hinanden.

3. Gearkassen ifglge krav 1, hvor den anden sifon (502) har en forhgjet del
(504) mellem den fgrste ende (513) og den anden ende 30 (514), og den geo-
deetiske hgjde af den forhgjede del (504) svarer til andet interne olieniveau
(126) under den tilstand af vindmgllen (10), hvor den ikke er tilsluttet elnettet.

4. Gearkasse ifglge krav 1, hvor det andet olieudlgb (312) af gearkassen (103)

er koblet til en anden draenventil (V2).

5. Gearkasse ifglge et hvilket som helst af kravene 1 og 3, hvor den farste

sifon (501) og/eller anden sifon (502) er en udluftningssifon.
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