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A wind turbine generator that is capable of completely eliminating heater heating of lubricating-oil piping or that is capable of
reducing the number of heater heating locations to the minimum requirement is provided. A wind turbine generator (1) is provided
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(57) Abrege(suite)/Abstract(continued):

with a lubricating system (20) that circulates lubricating oil (L) in a lubricating-oll storage tank (21) through lubricating-oll piping (23)
connected to a lubricating-oll pump (22), to lubricate a main bearing (12) connected to the lubricating-oll piping (23) by supplying
the lubricating oll (L) thereto. This lubricating system (20) Is provided with a lubricating-oil recovery line that is formed when the
lubricating-oll pump (22) Is stopped and in which the lubricating oll (L) falls naturally and is recovered in the lubricating-oll storage

tank (21).
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ABSTRACT

A wind turbine generator that is capable of completely
eliminating heater heating of lubricating-¢il pilping or that
1s capable of reducing the number of heater heating locations
to the minimum regquirement is provided. A wind turbine
generator (1) is provided with a lubricating system (20) that
circulates lubricating oil (L) i1n a lubricating-o0il storage
tank (21) through lubricating-oil piping (23) connected to a
lubricating-oi1l pump (22), to lubricate a main bearing (12)
connected to the lubricating-oil piping (23) by supplying the
lubricating oil (L) thereto. This lubricating system (20) is
provided with a lubricating-oil recovery line that 1s formed
when the lubricating—oil pump (22) 1is stopped and in which the

lubricating oil (L) falls naturally and is recovered in the

lubricating-oil storage tank (21).
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DESCRIPTION

WIND TURBINE GENERATOR

Technical Field
(00011
The present invention relates to wind turbine generators
for use 1in cold regions and, in particular, to a wind turbine
generator that can ensure flowability of lubricating-oil

during low-temperature starting.

Background Art

[0002]

A wind turbine generator is a device that generates
electricity by rotating a rotor head provided with wind-
turbine blades with received wind force, and increasing the
rotational speed thereof with a gearbox to drive a generator.
For this reason, sliding parts requiring lubrication, for
example, the gearbox, bearings, and the like, exist in the
wind turbine generator, and the generator is provided with a
lubricating system for supplying lubricating oil to the
sliding parts from a lubricating-oil tank using a lubricating-
01l pump.

[0003]

In a hydraulic circuit of a hydraulic machine, a

structure that easily and reliably ensures warming up
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operation when starting an engine and heat balance during
operation has been proposed. This conventional technology has
been constructed so as to provide a cooling flow path and a
non-cooling flow path, differing in the presence of an oil
cooler, and to be able to select and change flow paths for
return oil returning to a lubricating-oil tank with a
direction switching valve (for example, see Patent Document
1).

Patent Document 1: Japanese Unexamined Patent
Application, Publication No. 2005-155698

Disclosure of Invention

(0004 ]

A wind turbine generator to be installed in a cold region
1s sometimes started under low-temperature conditions, for
example, an outside air temperature of -30 °C or lower, and it
1s conceivable that the temperature of piping and the
equlpment 1itself can reach a low temperature of about -40 °C
at starting time. Under such low-temperature conditions, the
kinematic viscosity of lubricating oil increases dramatically,
and therefore, in order to ensure flowability of the
‘lubricating oil at starting time, it has been required to
forcibly heat the lubricating-oil piping with heaters and the
like.

[0005]

Specifically, when the lubricating-oil pump 1s stopped
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during a power failure or when the wind turbine generator 1is
stopped, the lubricating oil being circulated will remain in
the lubricating-oil piping. At this time, 1f the surrounding
environment is at low temperature, the lubricating oil
remaining within the lubricating-oil piping 1is cooled, and
therefore, the kinematic viscosity thereof is increased, thus
deteriorating 1its flowability. As a result, there 1s concern
that, if the lubricating-oil pump 1s started in the state
where the kinematic viscosity of the lubricating oil 1s high,
the pump load is increased due to the increased pressure loss,
and problems such as pump trip and the llke may occur.
Conséquently, especially with regard to the part of the
lubricating-o0il piping where lubricating oil remains, a
countermeasure is necessary for heating the entire piping.

[00006]

However, heating of the part where the lubricating oil
remains using a heater involves, in addition to consumption of
additional energy, a risk that when a defect occurs in the
heater, increased kinematic viscosity of the lubricating oil
cannot be avoided. Therefore, in order to improve reliability
of a wind turbine generator in a cold region, 1t 1s desirable
to either completely eliminate heater heating of the
lubricating-o01i1l piping or to reduce the number of heater
heating locations to the minimum requirement.

[0007]
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An object of the present invention, which has been made

in light of the above circumstances, is to provide a wind

turbine generator that can either completely eliminate heater
heating of the lubricating-oil piping or reduce the number of

heater heating locations to the minimum requirement.

[0008]

To achieve the above object, the present 1nvention employs

the followlng solutions.

A wind turbine generator according to the present
invention comprises a lubricating system that circulates

lubricating oil in a lubricating-oil storage space through a

lubricating-oil flow path connected to a lubricating-oill pump,

to lubricate a sliding part connected to the lubricating-oil

flow path by supplying the lubricating oil thereto, whereiln

the lubricating system is configured to provide a

lubricating-oil recovery line when the lubricating-oll pump

'}

is stopped and in which the lubricating 01l drains by way of
gravity and 1s recovered 1n the lubricating-o1l storage
space, wherein the lubricating-oil recovery line comprises a

check valve disposed at a low position at a discharge side

a lubricating-oil return

of the lubricating-oil flow path;

“f from the vicinity of a downstream

flow path branched o:

the check valve and connected to the lubricating-oill

side of

storage space; and an automatic opening/closing valve that

is disposed in the lubricating-oil return flow path and that
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1s closed during normal operation and opened at the time of

lubricating—oil recovery.

[0009]

According to such a wind turbline generator, the

lubricating system is provided with the lubricating-oil

recovery line that is formed when the lubricating-oil pump 1is
stopped and in which the lubricating oil falls naturally and

is recovered in the lubricating-oil storage space; thereiore,




CA 02671237 2009-06-19

5

when the operation of the lubricating-oil pump 1s stopped at

the time of power failure or when the wind turbine generator
1s stopped, the lubricating-oil recovery line 1is formed and
the lubricating o0il in the lubricating system falls naturally
and 1s recovered in the lubricating-oil storage space.
Specifically, at the time of lubricating-oil recovery during
which the operation of the lubricating-oil pump 1s stopped due
to a power failure or the like, the lubricating oil falls
naturally in the lubricating-oil storage space through the
lubricating-o0il recovery line, thereby making it possible to
clear the lubricating-o0il remaining in the lubricating-oil
flow path.

[0010]

In the above-described invention, it 1s preferable that
the lubricating-oil recovery line comprise a check valve
disposed at a low position at a discharge side of the
lubricating-o0il flow path; a lubricating-oil return flow path
branched off from the vicinity of a downstream side of the
check valve and connected to the lubricating-oil storage
space; and an automatic opening/closing valve that is disposed
1n the lubricating-oil return flow path and that is closed

during normal operation and opened at the time of lubricating-
o1l recovery.
According to such a construction, at the time of

lubricating-oil recovery, during which the operation of the
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lubricating-o0il pump is stopped, the lubricating-oil recovery
line is formed by opening the automatic opening/closing valve
in the lubricating-oil return flow path. Thus, the
lubricating-oil remaining above the check valve at the
discharge side of the lubricating-oil flow path and on the
upstream side of the highest position of the lubricating-oil
flow path falls naturally due to gravity, and 1s recovered 1n
the lubricating-oil storage space through the lubricating-oil
return flow path. The lubricating o0il on downstream side of
the highest position in the flow path falls naturally in the

lubricating-oil flow path as it i1s and 1is recovered 1in the

lubricating-o01l storage space.

(0011

In the above-described 1nvention, 1t 1s preferable to
dispose an air vent that communicates with the atmosphere at
the time of lubricating-oil recovery, at the highest position
in the lubricating-oil flow path; thereby, at the time of
lubricating-oil recovery, the lubricating oil 1in the
lubricating-oil flow path 1s separated to the upstream side
and the downstream side, with the highest position in the
lubricating-oil flow path defined as a boundary, and the
lubricating oil at the respective sides is smoothly recovered

through the lubricating-o0il return flow path and the

lubricating-oil flow path.

[(0012]
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According to the wind turbine generator of the above-
described invention, since the lubricating oil can be
recovered from the lubricating-oil flow path of the
lubricating-oil system when the lubricating-oil pump is
stopped, even when the wind turbine generator is installed in
a cold region, it is possible to completely eliminate heater
heating of the lubricating-oil piping or reduce the number of
heater heating locations to the minimum requirement.

As a result, it i1s possible to reduce or eliminate the
energy consumed for heating the part where the lubricating-oil
remains, at the time of power failure or when the wind turbine
generator 1s stopped. In other words, it is possible to
provide a wind turbine generator having low running costs.
Furthermore, when starting the lubricating-oil pump, since it
1s possible to prevent malfunctions, such as pump trip, due to
the remaining lubricating oil having increased kinematic
viscosity, a wind turbine generator having high reliability,
consequently, a wind turbine generator having high

availability, can be provided.

Brief Description of Drawings
[0013]
[F1g. 1] Fig. 1 is a diagram showing a lubricating-oil
feed line, in a state during recovery of lubricating oil, as

one empodiment of a wind turbine generator according to the

present invention.
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[Fig. 2] Fig. 2 is a diagram showing the lubricating-oil
feed line, in a state during normal operation, as one

embodiment of the wind turbine generator according to the

present invention.

[Fig. 3] Fig. 3 is a diagram showing an example of the

overall structure of the wind turbine generator according to

the present invention.

Explanation of Reference signs:

[0014]
1l: wind turbine generator
3: nacelle
4: rotor head
5: wind-turbine blade
10: main shaft
11: gearbox
12: main bearing
20, 20A: lubricating system
21, 21A: lubricating-olil storage tank
22, 22A: lubricating-oil pump
23, 23A: lubricating-o0il piping
24, 24A: o011 cooler
25, 25A: check valve
26, 26A: lubricating-oi1il return piping
27, 27A, 29, 29A: automatic opening/closing valve

L: lubricating oil
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Best Mode for Carrying Out the Invention

(0015]

In the following, an embodiment of the wind turbine
generator according to the present invention will be described
with reference to Figs. 1 to 3.

A wind turbine generator 1 shown in Fig. 3 1ncludes a
tower 2 mounted upright on a foundation B, a nacelle 3
installed on the top end of the tower 2, and a rotor head 4
disposed on the nacelle 3 so as to be supported rotatably
about a substantially horizontal rotational axis.

The rotor head 4 has a plurality of (for example, three)
wind-turbine rotor blades 5 attached in a radiating pattern
around 1ts rotational axis. Thereby, the force of wind
striking the wind-turbine rotor blades 5 in the rotational
axlis direction of the rotor head 4 is converted to motive

power rotating the rotor head 4 about the rotational axis.

[0016]

The wind turbine generator 1 described above is provided
with a gearbox and a generator that are disposed in the

nacelle 3 to construct a drivetrain.

As shown 1n Figs. 1 and 2, the drivetrain of the wind
turbine generator 1 is provided with the generator (not
1llustrated) and the gearbox 11 linked to a main shaft 10 that

rotates together with the rotor head 4. This drivetrain is soO
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constructed that the gearbox 11 accelerates the rotation of

the rotor head 4 to drive the generator, thereby generating
electricity with the generator.
[0017]

The above-described wind turbine generator 1 is provided

with a lubricating system that achieves lubrication by

supplying lubricating oil to sliding parts, such as the

drivetrain and the like. In the following, as an example of

the lubricating system lubricating the sliding parts, an
example construction of a lubricating-oil supply system
supplying the lubricating-o0il to the gearbox 11 and a main
bearing 12 that supports the main shaft 10 1s explained with
reference to Fig. 1 and Fig. 2.

[0018]

Fig. 1 illustrates a state (lubricating-oil flow path) 1in
which the lubricating oil flows at the time of lubricating-oil
recovery, and Fig. 2 illustrates a state (lubricating-oil flow

path) in which the lubricating oil flows during normal

operation, showing the regpective flow directions of the
lubricating oil with arrows. Regarding opened and closed

states of the respective valveg, those in the closed state are

illustrated by filling with solid black.

[0019]

First, a lubricating system 20 of the main bearing 12 1is

described.
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This lubricating system 20 achieves lubrication by
supplying lubricating oil L to the main bearing 12, which 1is
connected to lubricating-oil piping 23, by circulating the
lubricating oil L in a lubricating-o01i1l storage tank
(lubricating-oil storage space) 21 through the lubricating-oil
piping (lubricating-oil flow path) 23 connected to a
lubricating-oil pump 22. The lubricating oil L that has
lubricated the main bearing 12 is recovered 1in the
lubricating-oil storage tank 21.

Further, the illustrated lubricating-o0il system 20 1s
provided with an o0il cooler 24 between the lubricating-oil
pump 22 and the main bearing 12 to prevent an increase in the
temperature of the circulating lubricating oil L.

(0020]

The 1llustrated lubricating-oil system 20 is provided
with a lubricating-o0il recovery line that i1s formed when the
lubricating-oil pump 22 is stopped and in which the
lubricating o1l L falls naturally and 1s recovered 1n the
lubricating-oil storage tank 21. This lubricating-oil
recovery line is constructed of a check valve 25 disposed at a
low position at the discharge side of the lubricating-oil
piping 23, lubricating-oil return piping (flow path) 26 that
is branched off from the vicinity of the downstream side of
the check valve 25 and connected to the lubricating-oil

storage tank 21, and an automatic opening/closing valve 27
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that is disposed in the lubricating-o0i1l return piping 26 and

that is closed during normal operation and opened during

lubricating-o1l recovery.

In this. case, the lubricating-oil storage tank 21 and the

lubricating-oil pump 22 are located at the lowest position

vertically.

[0021]

Furthermore, the above-described lubricating-oil system
20 1s provided, at the highest position in the lubricating-oil
piping 23 forming the lubricating-oil flow path, with an air
vent 28 that communicates with the atmosphere at the time of
lubricating-oil recovery. In this case, the air vent 28 is
provided.with an automatic opening/closing valve 29 that is
closed during normal operation and opened at the time of
lubricating-oil recovery, and 1is attached so as to be branched
off from an exit piping part of the o0il cooler 24 that is
disposed at the highest position in the lubricating-oil system
20.

The above-described automatic opening/closing valves 27
and 29 are both opening/closing valves that are in the fully
closed state during normal operation and are fully opened
automatically at the time of lubricating-oil recovery; well-
known opening/closing valves, such as those of the diaphragm
type utilizing a pressure difference of the lubricating oil,

which 1s a fluid, or those that open automatically at the time
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of power failure, or those that perform opening/closing
operation with an emergency electric power source, for
example, may be suitably selected for use.

[0022]

The 1llustrated lubricating-oil system 20 is provided
with the o0il cooler 24 that cools the lubricating oil L, and
cooler bypass piping (flow path) 31 that is branched from the
lubricating-0il piping 23 and equipped with a check wvalve 30
i1s provided at an entrance piping part at the upstream side of
this o1l cooler 24. This cooler bypass piping 31 is connected
to the lubricating-o0il storage tank 21 through the
lubricating-oil piping 23.

[0023]

With the lubricating system 20 so constructed, during the
normal operation shown in Fig. 2, by operating the
lubricating-o0il pump 22, the lubricating oil L in the
lubricating-o0il storage tank 21 is circulated through the
lubricating-o0il piping 23, as shown with arrows in the figure.

In other words, the lubricating o0il L in the lubricating-
o1l storage tank 21 is pressurized by the lubricating-oil pump
22 and 1s discharged to the lubricating-oil piping 23. This
lubricating oil L passes through the check valve 25, rises in
the lubricating-oil piping 23, and flows into the o0il cooler
24. At this time, since the automatic opening/closing valve

27 is closed, all of the lubricating o0il L passing through the
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branching point A is guided to the o0il cooler 24.

Furthermore, the check valve 30 1s also closed by the
biasing force of a spring provided 1inside; thus, all of the
lubricating o0il passing through the branching point B 1is
guided to the oil cooler 24. However, when the filter of the
oil cooler 24 is blocked and the flow path resistance 1s
increased, for example, the check valve 30 i1s opened due to
the pressure increase of the lubricating oil L; thus the
lubricating o0il L is supplied to the main bearing 12 through
the cooler bypass piping 31 that bypasses the o0il cooler 24.

[0024]

The lubricating oil L passing through the o0il cooler 24
1s cooled by heat exchange with the outside air. During
normal operation, since the automatic opening/closing valve 29
disposed in the piping branched off from the branching point C
is in a fully closed state, the lubricating oil L will not be
discharged outside the piping route through the air wvent 28.

The lubricating o0il L cooled in the o0il cooler 24 is
supplied to the main bearing 12 through the lubricating-oil
flow path 23. This lubricating oil L is returned, after
lubricating required locations, to the lubricating-oil storage
tank 21 through the lubricating-o0il piping 23.

[0025]

Since the check valve 30 is fully closed, all of the

lubricating oil L passing through the branching point D is
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supplied to the main bearing 12. However, when the filter of

the oil cooler 24 is blocked and the flow path resistance is
increased, for example, the check valve 30 1s opened due to
the pressure increase of the lubricating oil L; thus the
lubricating oil L is supplied to the main bearing 12 through
the cooler bypass piping 31 that bypasses the o1l cooler 24.
Thereafter, the lubricating o0il L is circulated in the

lubricating-oil piping 23 by following a similar route to
continuously achieve lubrication of the main bearing 12.

(0026]

Next, when the operation ¢of the wind turbine generator 1
1s stopped due to power failure or wind stronger than a
prescribed level, the operation of the lubricating-oil pump 22
1s also stopped. When the lubricating-oil pump 22 is stopped
in this manner, the lubricating 01l L remaining inside the
lubricating-o0il piping 23 1is recovered to the lubricating-oil
storage tank 21 to prevent an increase in the kinematic
viscosity of the lubricating o0il L in a cold region.

[0027]

At the time of such lubricating-oil recovery, as shown in
Fig. 1, the operation of the lubricating-oil pump 22 is
stopped, and the automatic opening/closing valves 27 and 29 are
opened fully.

As a result, a state where the branching point C of the

lubricating-oil piping 23 communicates with the atmosphere
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through the air vent 28 1is achieved. Therefore, the
lubricating o0il L remaining in the lubricating-oll piping 23
at the lubricating-oil pump 22 side of the branching point C
falls freely due to gravity to a branching point A located at
a lower position, and then flows into the lubricating-oil
return flow path 26 in which the automatic opening/closing

valve 27 1s 1n the opened state, and is recovered in the

lubricating-o1l storage tank 21.

[0028]

On the other hand, the lubricating oil L remaining in the
lubricating-oil piping 23 at the main bearing 12 side of the
branching point C falls freely, through the branching point D
and the maln bearing 12 located at lower positions, into the
lubricating-oil storage tank 21 and is recovered therein.

[0029]

Next, a lubricating system 20A of the gearbox 11 is
explained.

In this lubricating system 20A, a casing lla of the
gearbox 11 1s used as a lubricating-oil storage tank 21A. In
other words, the lubricating o0i1l L stored in the bottom part of
the casing lla 1is supplied to the sliding parts of the gearbox
11 through lubricating-oil piping 23A connected to a
lubricating-oil pump 22A, and is then recovered in the
lubricating-oil storage tank 21A in the bottom part of the

casing after lubricating required locations in the gearbox 11.
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The lubricating-oil system 20A in this case 1s provided
with an o0il cooler 24A between the lubricating-oil pump 22 and
the gearbox 11 to prevent a temperature increase 1in the

lubricating oil L.

[0030]

The illustrated lubricating-oil system 20A is provided
with a lubricating-oil recovery line that 1is formed when the
lubricating-oil pump 22A is stopped and in which the
lubricating oil L falls naturally and is recovered in the
lubricating-0il storage tank 21A. This lubricating-oil
recovery line is constructed of a check valve 25A disposed at
a low position at the discharge side of the lubricating-oil
piping 23A, lubricating-oil return piping 26A that 1s branched
off from the vicinity of the downstream side of the check
valve 25A and connected to the lubricating-o0il storage tank
21A, and an automatic opening/closing valve 27A that is
disposed in the lubricating-oil return piping 26A and that is
closed during normal operation and opened during lubricating-

oll recovery.

In this case, the lubricating-oil storage tank 21A 1is
located at the lowest position vertically.

[0031]

Furthermore, an air vent 28A is provided at the highest
position in the lubricating-oil piping 23A in the above-

described lubricating-o0il system 20A. In this case, the air
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vent 28A is provided with an automatic opening/closing valve

29A that is closed during normal operation and opened at the
time of lubricating-oil recovery, and the vent 1s attached so
as to be branched off from an exit piping part of the o0il
cooler 24A that 1s disposed at the highest position 1in the
lubricating-oil system 20A.

The above-described automatic opening/closing valves 27A
and 29A are both well-known opening/closing valves that are in
the fully closed state during normal operation and are fully
opened automatically at the time of lubricating-oil recovery.

[0032]

The i1llustrated lubricating-oil system 20A 1is provided
with the oil cooler 24A that cools the lubricating oil L, and
cooler bypass piping 31A that 1is bfanched from the
lubricating-o0il piping 23A and equipped with a check valve 30A
1s provided at the entrance piping part at the upstream side
of this o0il cooler 24A. This cooler bypass piping 31A is
connected to the lubricating-o0il storage tank 21A through the
lubricating-oil piping 23A.

[0033]

With the lubricating system 20A so constructed, during
the normal operation shown in Fig. 2, by operating the
lubricating-oil pump 22A, the lubricating oil L in the
iubricating-oil storage tank 21A is pressurized by the

lubricating-oil pump 21A and circulated through the
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lubricating-oil piping 23A. This lubricating oill L passes
through the check valve 25A by forcedly opening 1it, rises in
the lubricating-oil piping 23A, and flows into the o0il cooler
24A. At this time, since the automatic opening/closing valve
27A is closed, all of the lubricating o0il L passing through
the branching point E is guided to the o0il cooler Z24A.

Furthermore, the check valve 30A 1s also closed by the
biasing force of a spring provided inside; thus, all of the

lubricating-o0il passing through the branching point F 1s guided

to the 01l cooler Z24A.

[0034]

The lubricating oil L passing through the oil cooler 24A
is cooled by heat exchange with the outside air. During
normal operation, since the automatic opening/closing valve
29A disposed 1in the piping branched off from the branching
point G is in a fully closed state, the lubricating o0il L will

not be discharged outside the piping route through the air

vent Z28A.

The lubricating 01l L cooled in the oil cooler Z24A is
supplied to the gearbox 11 through the lubricating-oil flow
path 23A. This lubricating éil I, 1s returned, after
lubricating required locations within the gearbox 11, to the
lubricating-oil storage tank 21A through the lubricating-oil

piping 23A. At this time, since the check valve 30A is fully

closed, all of the lubricating o1l L passing through the
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branching point H is supplied to the gearbox 11. 1In this

case, since the check valve 30A is opened by the pressure

increase of the lubricating oil L, such as when the filter of
the o1l cooler 24A is blocked, thus increasing the flow path
resistance, the lubricating oil L is supplied to the gearbox
11 through the cooler bypass piping 31A that bypasses the oil
cooler 24A.

Thereafter, the lubricating o0il L is circulated in the

lubricating-o0il piping 23A by following a similar route to
continuously achieve lubrication of the gearbox 11.

(0035]

Next, at the time of lubricating-oil recovery, during

which the operation of the lubricating-oil pump 22A is to be

stopped, as shown in Fig. 1, the operation of the lubricating-

oi1l pump 22A is stopped and the automatic opening/closing

valves 27A and 29A are also fully opened.

As a result, a state where the branching point G of the

lubricating-oil piping 23A communicates with the atmosphere

through the air vent 28A is achieved. Therefore, the

lubricating oil L remaining in the lubricating-oil piping 23A

at the lubricating-oil pump 22A side of the branching point G

talls freely due to gravity to the branching point E located

at a lower position, flows into the lubricating-oil return

flow path 26A 1in which the automatic opening/closing valve 27A

1s 1n the opened state, and is recovered in the lubricating-
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0il storage tank 21A.

[0036]

On the other hand, the lubricating o1l L remaining in the
lubricating-oil piping 23A at the gearbox 11 side of the
branching point G falls freely, through the branching point H
and the gearbox 11 located at lower positions, 1nto the
lubricating-oil storage tank 21A and is recovered therein.

(0037]

In this way, the wind turbine generator 1 of the present
invention is provided with the lubricating systems 20 and 20A
that circulate the lubricating oil L 1n the lubricating-oil
storage tanks 21 and 21A through the lubricating-oil piping 23
and 23A connected to the lubricating-oil pumps 22 and 224,
supply the lubricating oil L to the sliding parts in the main
bearing 12 and the gearbox 11 connected to the lubricating-oil
piping 23 and 23A, and lubricate them.

These lubricating systems 20 and 20A are provided with the
lubricating-o0il recovery lines formed when the lubricating-oil
pumps 22 and 22A are stopped. These lubricating-oil recovery
lines are capable of recovering the lubricating oil L in the

lubricating-oil storage tanks 21 and 21A through the

lubricating-oill piping 23 and 23A and the lubricating-oil
return piping 26 and 26A in which the lubricating oil falls

naturally.

[0038]
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Therefore, the lubricating systems 20 and 20A can clear
the lubricating oil remaining in the lubricating-oil piping 23
and 23A at the time of lubricating-oil recovery, during which
the operation of the lubricating-oill pumps 21 and 21A 1is
stopped at the time of power failure or when the wind turbine
generator 1 1s stopped.

Specifically, at the time of lubricating-oill recovery,
the automatic opening/closing valves 27 and 27A of the
lubricating-o0il return flow paths 26 and 26A are opened to
form the lubricating-oil recovery line; therefore, the
lubricating 0il L remaining above the check valves 25 and 25A
that are at the discharging side of the lubricating-oil piping
23 and 23A and on the upstream side of the branching points C
and G located at the highest positions 1n the lubricating-oil
piping 23 and 23A falls naturally due to gravity and is
recovered 1n the lubricating-o0i1l storage tanks 21 and 21A
through the lubricating-o0il return flow paths 26 and 26A. On
the other hand, the lubricating oil-L remaining on downstream
side of the branching points C and G located at the highest
position 1n the lubricating-oil piping 23 and 23A naturally
falls 1in the lubricating-oil piping 23 and 23A as it is and is
recovered 1n the lubricating-oil storage tanks 21 and 21A.

(0039]

Furthermore, the air vents 28 and 28A are disposed at the

branching points C and G located at the highest positions in



CA 02671237 2009-06-19

| &

23

the lubricating-o0il piping 23 and 23A and communicate with the
atmosphere at the time of lubricating-oil recovery; thereby,
at the time of lubricating-oil recovery, the lubricating oil L
in the lubricating-oil piping 23 and 23A is immediately
separated to the upstream side and the downstream side from
the highest positions in the lubricating-oil piping 23 and
23A. As a result, the clearly separated lubricating oil L is
recovered smoothly, through the respective lubricating-oil

return flow paths 26 and 26A and the lubricating-o0il piping 23

and 2Z3A.

(0040]

As stated above, according to the wind turbine generator
1 of the above-described invention, since the lubricating oil
. can be surely recovered from the lubricating-oil piping 23
and'23A of the lubricating-o0il systems 20 and 20A when the
lubricating-o0i1l pumps 22 and 22A are stopped, even when the
generator 1s 1nstalled in a cold region where there is concern
about an increase in the kinematic viscosity of the
lubricating-oil L, it is possible to completely eliminate
heater heating of the lubricating-o0il piping 23 and 23A or
reduce the number of heater heating locations to the minimum
requirement.

In the 1llustrated exemplary construction, since there
will be no lubricating oil L remaining in the lubricating-oil

piping 23 and Z23A at the downstream side of the check valves
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25 and 25A, there will be no need to provide heaters at this
section for heating.

[0041]

As a result, it 1s possible to reduce or eliminate the
energy consumed for heating the part where the lubricating oil

remalins, at the time of power failure or when the wind turbine

generator 1 1s stopped.

Furthermore, when starting the lubricating-o0il pumps 21
and 21A, 1t 1s not required to handle lubricating oil L whose
kinematic viscosity has been increased; therefore the

occurrence of malfunctionsg, such as pump trip, can be avoided,

and the reliability of starting up the wind turbine generator

1 1n an extremely cold state 1s improved.

[(0042]

In the above-described embodiment, although the oil
coolers 24 and 24A, the alr vents 28 and 282, and the cooler
bypass piping 31 and 31A are provided, these are not essential

elements and may be optionally provided, as required.

Furthermore, with the lubricating-oil return piping 26

and 26A provided with the automatic opening/closing valves 27

and 27A, although there is one set thereof in the above-

described embodlment, 1n order to clear the remaining

lubricating o1l L completely, the number of sets will be

sultably changed depending on the number of vertical levels of

the lubricating-oil piping 23 and 23A.



CA 02671237 2011-08-23

25

10043 ]

Furthermore, although the above-described embodiment is
applied to the lubricating systems 20 and 20A of the main
bearing 12 and the gearbox 11, 1t 1s needless to say that

1t is also applicable to a lubricating system lubricating

the other sliding parts in the wind turbine generator 1

installed in a cold region.

The scope of the claims should not be limited by the

preferred embodiments set forth in the example, but should

be given the broadest interpretation consistent with the

description as a whole.
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CLAIMS

1. A wind turbline generator comprilising a lubricating

system that cilirculates lubricating o1l 1n a lubricating-oil

storage space through a lubricating-oill flow path connected
to a lubricating-oil pump, to lubricate a sliding part
connected to the lubricating-ocil Zlow path by supplying the

lubricating oil thereto,

wherein the lubricating system 1s configured to
provide a lubricating-oil recovery line when the
lubricating-oil pump is stopped and in which the
lubricating oil drains by way of gravity and 1s recovered
in the lubricating-oil storage space, wherein the
lubricating-oil recovery line comprises:

a check valve disposed at a low position at a

discharge side of the lubricating-oil flow path;

N
|4

a lubricating-oil return flow path branched off from

the vicinity of a downstream side of the check valve and

connected to the lubricating-oil storage space; and

an automatic opening/closing valve that is disposed in

the lubricating-oil return flow path and that 1s closed

during normal operation and opened at the time ot

lubricating-o1l recovery..

2 . The wind turbine generator according to Claim 1,
wvherein an air vent that communicates with the atmosphere
2t the time of lubricating-oil recovery is disposed at the

highest position in the lubricating-oll flow path.
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