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[ABSTRACTI

It is intended to provide a power generating apparatus of renewable
energy type in which a braking mechanism is attached to a rotor arranged
upstream of a hydraulic transmission while saving space, and a method of
attaching and detaching a blade for the apparatus. The power generating
apparatus of renewable energy type 1 is provided with: a rotor 2 having a hub
2B and a main shaft 2C, the hub 2B having at least one blade 2A mounted
thereon, the main shaft 2C being coupled to the hub 2B; a generator 6 which
generates power by torque inputted from the rotor 2; and a hydraulic
transmission 4 which transmits the torque from the rotor 2 to the generator 6.
A brake disc 30 is fixed to the rotor 2 by tightening together with the hub 2B
and the main shaft 2C. A brake caliper 34 is provided to force a brake pad 35

against the brake disc 30 to apply a braking force to the rotor 2.




[DESCRIPTION]

[Title of Invention]

POWER GENERATING APPARATUS OF RENEWABLE ENERGY TYPE AND
METHOD OF ATTACHING AND DETACHING BLADE

[Technical Field]
[0001]

The present invention relates to a power generating apparatus of a
renewable energy type which generates power by transmitting rotation energy
of a rotor via a hydraulic pump and a hydraulic motor and a method of
attaching and detaching a blade. The power generating apparatus of
renewable energy type generates power from a renewable energy such as wind,
tidal current, ocean current and river current and, for instance, includes a
wind turbine generator, a tidal generator, an ocean current generator, a river

current generator or the like.

[Background Art]
[0002]

In recent years, from a perspective of preserving the environment, it is
becoming popular to use a power generating apparatus of a renewable energy
type such as a wind turbine generator utilizing wind power and a renewable
energy type turbine generator such as a tidal current generator utilizing tidal.
In the power generating apparatus of the renewable energy type, a motion
energy of the wind, the tidalvcurrent, the ocean current or the river current is
converted into the rotation energy of the rotor and the rotation energy of the
rotor is converted into electric power by the generator.

[0003]
In the power generating apparatus of renewable energy type, a

rotation speed of the rotor is small in comparison to a rated rotation speed of




the ge‘nerator and thus, a mechanical gearbox is usually provided between the
rotor and the generator. By this, the rotation speed of the rotor is increased
to the rated rotation speed of the generator before being inputted to the
generator.

[0004]

Between the gearbox and the generator, a braking mechanism (a brake
disc and a brake caliper) is also provided. The braking mechanism is
provided to brake the rotor and to maintain the rotor in a stopped state.
Herein, the brake disc is provided between the gearbox and the generator as a
rotation shaft (an output shaft of the gearbox and an input shaft of the
generator), which rotates at high speed between the gearbox, and the
generator has lower torque, e.g. 1/100 than a rotation shaft (the main shaft)
on an upstream side of the gearbox.

Disclosed in Patent Literature 1 (see FIG.3), is a technology to store a
brake disc and a brake caliper inside a casing of the generator.

[0005]

In recent years, efforts have been made to develop a power generating
apparatus of renewable energy type which uses a hydraulic transmission
combining a hydraulic pump and a hydraulic motor, instead of the gearbox
which is an obstacle to reduce weight and cost of the apparatus.

[0006]

Although not related to the braking mechanism, disclosed in Patent
Literature 4, is a turning device which rotates a main shaft by a hydraulic
cylinder via an adapter disc mounted to a strain washer connecting a main
shaft and a gearbox of a wind turbine generator. This type of turning device
is used for rotating the rotor to a desired angle when attaching and detaching

of the blade or the like.

[Citation List]




[Patent Literature]
[0007]

[PTL 1]

US 7884493 B

[PTL 2]

US 2010/0032959 A
[PTL 3]

US 2010/0040470 A
[PTL 4]

US 2006/0196288 A

[Summary of Invention]
[Technical Problem]
[0008]

In the power generating apparatus of renewable energy type equipped
with the hydraulic transmission disclosed in Patent Literatures 2 and 3, the
rotation shaft rotating at high speed between the hydraulic motor and the
generator is not connected to the rotor located upstream of the hydraulic
transmission. Thus, even when the braking mechanism is provided in the
generator input shaft and the generator casing in a conventional manner, the
braking mechanism is not useful for braking the rotor or holding the rotor in
the stopped state. Therefore, the braking mechanism must be directly
installed to the rotor located upstream of the hydraulic transmission.

[0009] |

However, in the case where the braking mechanism is installed to the
rotor which is arranged upstream of the hydraulic transmission and rotates at
low speed, it is unavoidable to increase the size of the braking mechanism
compared to the conventional braking mechanism in order to apply sufficient

breaking force to the rotor. It is important how to utilize limited space




around the rotor upstream of the hydraulic transmission and also where to
arrange the large braking mechanism.

It is not addressed in any of Patent Literatures to install the braking
mechanism to the rotor which is upstream of the hydraulic transmission.
[0010]

In view of the above issues, it is an object of the present invention to
provide a power generating apparatus of renewable energy type in which a
braking mechanism is attached to a rotor arranged upstream of a hydraulic
transmission while saving space, and a method of attaching and detaching a
blade for the apparatus.

[o011]
[Means to solve the issuel

A power generating apparatus of renewable energy type according to
the present invention, may include, but is not limited to:

a rotor which comprises a hub and a main shaft, the hub having at
least one blade mounted thereon, the main shaft being coupled to the hub;

a generator which generates power by torque inputted from the rotor;

a hydraulic transmission which transmits the torque from the rotor to
the generator;

a brake disc which is fixed to the rotor by tightening together with the
hub and the main shaft; and

a brake caliper which forces a brake pad against the brake disc to
apply a braking force to the rotor.

[0012]

In the power generating apparatus of renewable energy type, the
brake disc which is inevitably large in comparison to the éonventional case, 1s
fixed to the rotor by tightening together with the hub and the main shaft.
This contributes to the space saving.

Normally, when fixing the brake disc to the main shaft, a flange for




fixing the brake disc is formed on the main shaft and the brake disc is
fastened to the flange. However, this method of fixing the large brake disc
raises a space issue. In view of this, in the above power generating
apparatus of renewable energy type, the tightening portions of the hub and
the main shaft which are essential portions are used to fix the brake disc to
the rotor by tightening together with the hub and the main shaft. Thus, it is
no longer necessary to provide a separate flange specifically for fixing the
brake disc, thereby contributing to saving the space.

“[0013]

The brake caliper may include, but is not limited to, a plurality of
outer calipers which are arranged on an outer circumferential side of the
brake disc and a plurality of inner calipers which are arranged on an inner
circumferential side of the brake disc.

In the above power generating apparatus of renewable energy type,
the brake disc is fixed to the rotor which is arranged upstream of the
hydraulic transmission and which rotates at low speed, and thus a plurality of
the brake calipers are required to apply sufficient breaking force to the rotor.
However, it is difficult to arrange enough brake calipers to apply the
sufficient braking force to the rotor just on the outer circumferential side of
the brake disc. Therefore, by providing the outer calipers on the outer
circumferential side of the brake disc and the inner calipers on the inner
circumferential side of the brake disc, it is possible to apply sufficient braking
force to the rotor.

[0014]

The above power generating apparatus of renewable energy type may
also include:

a nacelle which houses at least the main shaft;

a main shaft bearing which supports the main shaft rotatably on a

nacelle side; and




a bearing housing which houses the main shaft bearing, and the brake
disc may extend toward the bearing housing from a position where the brake
disc is tightened together with the hub and the main shaft, and at least one of
the brake caliper may be mounted on the bearing housing.

By extending the brake disc to the bearing housing from the position
where the brake disc is tightened together with the hub and the main shaft,
the position on which the friction force applied by the brake caliper acts, can
be closer to a supporting point of the main shaft bearing. By this, even when
a total force of the friction forces applied by all the brake calipers 34 has a
radial component in the radial direction of the main shaft, it is possible to
reduce a moment load (a moment load around main shaft bearing) acting on
the main shaft caused by the radial component of the total force of the friction
forces. In a manner similar to this, when a turning device is attached to the
brake disc to rotate the rotor, it is possible to reduce the moment load on the
main shaft caused by a radial component of an external force applied by the
turning device.

By directly or indirectly fixing at least one of the brake calipers to the
bearing housing, the position on which the friction force applied by the brake
caliper acts, can be close to main shaft bearing and the support structure of
the brake caliper can be compact and the space and this contributes to the
space saving. Particularly, the support member extending from the wall
surface of the nacelle and the nacelle baéeplate is hard to reach in the space
on the inner circumferential side of the brake disc, and it is an important
issue how to support the inner calipers. By attaching the brake caliper to the
bearing housing, the inner calipers can be easily supported.

[0015]

The above power generating apparatus of renewable energy type may

further include a tower and a nacelle which is supported by the tower and

which houses at least the main shaft, and the nacelle may include a nacelle




baseplate which is rotatably mounted on the tower, and a nacelle cover which
covers the nacelle baseplate, and at least one of the brake caliper may be fixed
to an end of the nacelle baseplate which is on a side closer to the hub.

By fixing at least one of the brake calipers to the end of the nacelle
baseplate which is on a side closer to the hub, the support structure of
supporting the brake caliper can be more compact, thereby saving space.
[0016]

The main shaft may include a flange which is tightened with the hub
and the brake disc and the brake disc may spread outward in a radial
direction of the main shaft from a position where the brake disc is tightened
with the flange and the hub.

By spreading the brake disc in the radial direction from the position
where the brake disc is tightened with the flange and the hub, the brake disc
can be formed with a large diameter (i.e. increasing a lever ratio). As a
result, significant braking force can be applied to the rotor.

The above power generating apparatus of renewable energy type may
further include a nacelle which houses at least the main shaft and a hydraulic
cylinder which has one end fixed to the nacelle side and other end fixed to the
brake disc, and the rotor is rotated with the brake disc by changing a stroke of
the hydraulic cylinder.

[0017]

By this, the turning operation of the rotor can be performed by the
hydraulic cylinder. Further, by fixing the hydraulic cylinder to the brake
disc having a comparatively large diameter, even when the load of the rotor is
imbalanced during the blade attaching/detaching operation or the like, it is
possible to rotate the rotor.

Further, the brake disc is designed with enough strength to withstand
a reaction force caused when braking and stopping the rotor which is rotating.

Thus, even when high torque is inputted to the rotor from the hydraulic




cylinder via the brake disc to perform the turning operation of the rotor in a
state that the load of the rotor is imbalanced during the blade
attaching/detaching operation or the like, the brake disc is capable of
withstanding such motion.

[0018]

In the case of rotating the rotor together with the brake disc by the
hydraulic cylinder, the nacelle may include a nacelle baseplate which is
rotatably mounted on the tower, and a nacelle cover which covers the nacelle
baseplate, a pair of the hydraulic cylinders may be arranged on both sides of
the brake disc respectively, and each of the pair of the hydraulic cylinders may
be arranged upright on the nacelle baseplate and fixed to the brake disc via a
bracket.

By arranging the pair of the hydraulic cylinders on both sides of the
brake disc respectively, it is possible to transmit high torque to the rotor via
the brake disc. Thus, it is possible to perform the turning operation of the
rotor easily even in a state that the load of the rotor is imbalanced during the
blade attaching/detaching operation or the like. Further, by arranging the
hydraulic cylinders upright on the nacelle baseplate, the reaction force from
the hydraulic cylinders can be received by the nacelle baseplate.

[0019]

The above power generating apparatus of renewable energy type may
further include a locking mechanism which locks the rotor at a desired
angular position and the brake disc may be formed with a plurality of first
holes in a circumferential direction, and the locking mechanism may be a lock
pin which is inserted in one of the first holes and a second hole formed on the
nacelle side.

By inserting the lock pin in one of the first holes of the brake disc and
the second hole on the nacelle side, the brake disc can be used for the purpose

of locking the rotor by the lock pin. In the power generating apparatus of

- i




renewable energy type provided with the hydraulic transmission, the locking
mechanism must be fixed to the rotor which is on an upstream side of the
hydraulic transmission but the space around the rotor is limited for arranging
the locking mechanism. Therefore, the use of the brake disc for the purpose
of locking the rotor by the lock pin also contributes to the space saving.
(0020]

The above power generating apparatus of renewable energy type may
be a wind turbine generator which rotates the rotor by renewable energy in
form of wind and inputs the torque from the rotor to the generator via the
hydraulic transmission.
fo021]

According to the present invention, a method of attaching and
detaching a blade for a power generating apparatus of renewable energy type
which comprises: a rotor which includes a hub having at least one blade
mounted thereon and a main shaft coupled to the hub; a generator which
generates power by torque inputted from the rotor; a hydraulic transmission
which transmits the torque from the rotor to the generator; a brake disc which
is fixed to the rotor by tightening together with the hub and the main shaft;
and a brake caliper which forces a brake pad against the brake disc to apply a
braking force to the rotor, the method including, but not limited to, the steps
of:

rotating the rotor to a desired angular position by a hydraulic
actuator;

stopping the rotor at the desired angular position by the brake disc
and the brake caliper;

locking the rotor at the desired angular position; and

attaching or detaching the blade with respect to the hub in such a
state that the rotor is locked.

[0022]




In the method of attaching and detaching the blade for the power
generating apparatus of renewable energy type, the rotor is rotated to the
desired angular position by the hydraulic actuator and then, the rotor is
stopped at the desired angular position using the brake disc which is fixed to
the rotor by tightening the hub and the main shaft together and the brake
caliper. Finally, in such a state that the rotor is locked, the blade is attached
or detached with respect to the hub.

In this manner, by using the brake disc which is fixed to the rotor by
tightening the hub and the main shaft together, it is possible to save the space.
Being hardly subjected to the restriction of the space, the brake disc with
large breaking force can be used. Therefore, even when the load of the rotor
is imbalanced during the blade attaching/detaching operation or the like, the
rotor can be stopped firmly at the desired angular position and the blade
attaching/detaching operation of the blade can be performed efficiently.
(0023]

In the above method of attaching and detaching the blade for the
power generating apparatus of renewable energy type, the power generating
apparatus of renewable energy type may further include a nacelle which
houses at least the main shaft, the hydraulic actuator may be a hydraulic
cylinder having one end fixed to the nacelle side and other end fixed to the
brake disc, and in the step of rotating the rotor, the rotor may be rotated to
the desired angular position by rotating the brake disc using the hydraulic
cylinder.

By this, the rotor can be rotated to the desired angular position by the
turning operation of the rotor by the hydraulic cylinder. Further, by fixing
the hydraulic cylinder to the brake disc having a comparatively large diameter,
even when the load of the rotor is imbalanced during the blade
attaching/detaching operation or the like, it is possible to rotate the rotor.

Further, the brake disc is designed with enough strength to withstand




a reaction force caused when braking and stopping the rotor which is rotating.
Thus, even when high torque is inputted to the rotor from the hydraulic
cylinder via the brake disc to perform the turning operation of the rotor in a
state that the load of the rotor is imbalanced during the blade
attaching/detaching operation or the like, the brake disc is capable of
withstanding such motion.

[0024]

Furthermore, in the step of rotating the rotor, the rotor may be
intermittently rotated by repeating: changing a stroke of the hydraulic
cylinder while attaching the other end of the cylinder to the brake disc; and
then returning the stroke of the hydraulic cylinder to an original stroke while
disconnecting the other end of the hydraulic cylinder from the brake disc.

By rotating the rotor intermittently by the hydraulic cylinder, the
rotor can be firmly rotated to the desired angular position.

In the power generating apparatus of renewable energy type provided
with the hydraulic transmission, the brake disc is fixed to the rotor which is
arranged upstream of the hydraulic transmission and which rotates at low
speed, and thus a plurality of the brake calipers are required to apply
sufficient breaking force to the rotor. In view of this, it is necessary to
provide the brake calipers over a large area of the brake disc in the
circumferential direction and the brake calipers tend to interfere with the
hydraulic cylinder. Therefore, by intermittently rotating the rotor, the
stroke of the hydraulic cylinder for each rotation can be reduced, thereby
preventing the interference of the brake calipers with the hydraulic cylinder.
[0025]

Further, in the step of locking the rotor, the rotor may be locked by
fixing a stroke of the hydraulic cylinder.

The stroke of the cylinder may be fixed, for instance, by mechanically

latching the piston of the hydraulic cylinder, or by sealing the working




chamber of the hydraulic cylinder into a hydraulically locked state to
immobilize the piston.
(0026]

In the above method of attaching and detaching the blade for the
power generating apparatus of renewable energy type, the power generating
apparatus of renewable energy type may further include a nacelle which
houses at least the main shaft, the brake disc may be formed with a plurality
of first holes in a circumferential direction, and in the step of locking the rotor,
the rotor may be locked by inserting a lock pin in one of the first holes and a
second hole formed on the nacelle side.

By inserting the lock pin in one of the first holes of the brake disc and
the second hole on the nacelle side, the brake disc can be used for the purpose
of locking the rotor by the lock pin. In the power generating apparatus of
renewable energy type provided with the hydraulic transmission, the locking
mechanism must be fixed to the rotor which is on an upstream side of the
hydraulic transmission but the space around the rotor is limited for arranging
the locking mechanism. Therefore, the use of the brake disc for the purpose
of locking the rotor by the lock pin also contributes to the space saving.
[0027]

In the case of fixing the rotor by inserting the lock pin in the first hole
of the brake disc and the second hole on the nacelle side, the desired angular
position may be defined for each of the blades, and the second hole formed on
the nacelle side may coincide with one of the first holes formed in the brake
disc when the rotor is stopped at the desired angular position defined for each
of the blades.

In such a case that the desired angular position appropriate for
performing the attaching and detaching of the blades is defined for each of the
blades, the first hole and the second hole are formed such as to coincide when

the rotor is stopped at the desired angular position defined for each of the




blades. By this, it is possible to lock the rotor at the desired angular position
appropriate for each of the blades. As a result, the attaching/detaching
operation can be performed efficiently.

[0028]

In the above method of attaching and detaching the blade for the
power generating apparatus of renewable energy type, the hydraulic
transmission may include a hydraulic pump and a hydraulic motor, the
hydraulic pump being driven with rotation of the main shaft to generate
pressurized oil, the hydraulic motor driving the generator by the pressurized
oil supplied from the hydraulic pump, and in the step of rotating the rotor, the
rotor may be rotated to the desired angular position by driving the hydraulic
pump as the hydraulic actuator with pressurized oil supplied from a
pressurized-oil source.

In this manner, the pressurized oil is supplied to the hydraulic pump
from the pressurized-oil source and the hydraulic pump is driven by the
pressurized oil. Thus, the rotor can be rotated to the desired angular
position using the hydraulic pump of the hydraulic transmission without
providing a separate hydraulic actuator for rotating the rotor.

[0029]

The above method of attaching and detaching the blade for the power
generating apparatus of renewable energy type, may further include the steps
of attaching a dummy blade to the hub before the step of rotating the rotor,
and, in the step of rotating the rotor, the rotor may be rotated in such a state
that the dummy blade is attached to the hub.

In this manner, by reducing the imbalance of the load of the rotor (the
moment around the center axis of the rotor) during the attaching/detaching of
the blade using the dummy blades, the rotor can be rotated to the desired
angular position with low torque. Therefore, it is possible to reduce the size

of the hydraulic actuator.




[0030]

In the case of rotating the rotor by attaching the dummy blade to the
hub, the dummy blade may include a tubular member which is fixed to the hub
and a movable weight which is supported inside the tubular member, and the
method may further include the step of adjusting a position of the movable
weight to reduce a moment around a center axis of the rotor before the step of
attaching the dummy blade.

By adjusting the position of the movable weight to reduce the moment
around the center axis of the rotor, it is possible to rotate the rotor to the
desired angular position with low torque.

[Effects of The Invention]
(0031]

According to the present invention, the brake disc is fixed to the rotor
by tightening the hub and the main shaft together with use of the tightening
portions of the hub and the main shaft, which are essential portions. Thus, it
i1s no longer necessary to provide a separate flange specifically for fixing the

brake disc, thereby contributing to saving the space.

[Brief Description of Drawings]
(0032]
[FIG.1]
FIG.1 shows a configuration example of a wind turbine generator of a
first embodiment.
[FIG.2]
FIG.2 shows a cross-sectional view of a structure inside a nacelle of
the wind turbine generator.
[FIG.3]
FIG.3 shows a detailed configuration around a brake disc.

[FIG.4]




FIG.4 is a perspective view of a main shaft and the brake disc taken
from a hub side.
[FIG.5]

FIG.5 shows a state that a hydraulic cylinder for a rotor turning
operation is attached to the brake disc.
[FIG.6]

FIG.6 shows a configuration example of a rotor locking mechanism
which uses a fixing hole for the brake disc.
[FIG.7]

FIG.7 shows a configuration example of a hydraulic circuit around the
hydraulic pump of the wind turbine generator of a second embodiment.
[FIG.8]

FIG.8 shows a configuration example of a dummy blade used for the
rotor turning operation.

[FIG.9]

FIG.9 illustrates a process of attaching blades using the dummy blade.
[FIG.10]

FIG.10 illustrates a process of detaching the blades using the dummy
blade.

[Description of Embodiments]
[0033]

Embodiments of the present invention will now be described in detail
with reference to the accompanying drawings. It is intended, however, that
unless particularly specified, dimensions, materials, shape, its relative
positions and the like shall be interpreted as illustrative only and not
limitative of the scope of the present.

(0034]

In embodiments of the present invention described hereinafter, a wind




generator is described as an example of the power generating apparatus of
renewable energy type. However, the present invention is not limited to this
and can be applied to other types of power generating apparatus such as a
tidal generator, an ocean current generator and a river current generator.
[0035]

(FIRST EMODIMENT)

FIG.1 shows a configuration example of a wind turbine generator of a
first embodiment. FIG.2 shows a cross-sectional view of a structure inside a
nacelle of the wind turbine generator. FIG.3 shows a detailed configuration
around a brake disc. FIG.4 is a perspective view of a main shaft and the
brake disc taken from a hub side. FIG.5 shows a state that a hydraulic
cylinder for turning a rotor is attached to the brake disc.

[0036]

As shown in FIG.1, the wind turbine generator 1 mainly includes a
rotor 2 which rotates upon receiving wind, a hydraulic transmission 4 which
increases the rotation of the rotor 2 and a generator which generates power.
[0037]

The rotor 2 includes blades 2A, a hub 2B to which the blades 2A are
attached and a main shaft 2C which is connected to the hub 2B. By this, the
entire rotor 2 rotates by wind power received on the blades 2A and the
rotation is inputted from the main shaft 2C to the hydraulic transmission 4.

The main shaft 2C of the rotor 2 is housed in a nacelle which 1s
rotatably supported by a tower 7. The main shaft 2C is supported rotatably
on the nacelle side by means of a main shaft bearing 3. One or a plurality of
the main shaft bearing 3 may be provided.

[0038]

The hydraulic transmission 4 is provided with a hydraulic pump 20

driven by the rotation of the main shaft 2C, a hydraulic motor 22 connected to

the generator 6, and a high-pressure oil line 24 and a low-pressure o1l line 26




that are provided between the hydraulic pump 20 and the hydraulic motor 22.

The high-pressure oil line 24 is provided between a discharge side of
the hydraulic pump 20 and an intake side of the hydraulic motor 22. The
low-pressure oil line 26 is provided between an intake side of the hydraulic
pump 20 and a discharge side of the hydraulic motor 22. Operating oil
discharged from the hydraulic pump 20, i.e. high-pressure oil, enters the
hydraulic motor 22 via the high-pressure oil line 24 to drive the hydraulic
motor 22. By this, the generator 6 connected to the hydraulic motor 22
generates power.

The operating oil having worked in the hydraulic motor 22, i.e.
low-pressure oil, enters the hydraulic pump 20 via the low-pressure oil line 26
to increase a pressure of the operating oil in the hydraulic pump 20 and then
returns to the hydraulic motor 22 via the high-pressure oil line 24.

FIG.1 shows the example where the hydraulic transmission 4 and the
generator 6 are arranged in the nacelle 8. However, this is not limitative and
a part of or all of the hydraulic transmission 4 and the generator 6 may be
arranged in the tower 7. For instance, the hydraulic pump 20 of the
hydraulic transmission 4 may be housed in the nacelle 8 while the hydraulic
motor 22 and the generator 6 are housed in the tower 7.

[0039]

In reference to FIG.2, a detailed structure around the main shaft 2C of
the rotor 2 is explained.

The main shaft 2C has a front part 10 which is on a side closer to the
hub 2B and a rear part 12 which is on a side farther from the hub 2B.
Between the front part 10 and the rear part 12, a stepped portion 13 is formed
such that the front part 10 has a larger diameter than the rear part 12.

In the example shown in FIG.2, the main shaft 2C is supported by a
pair of main shaft bearings 3 (3A, 3B). Specifically, the main shaft bearing

3A on the front supports the front part 10 of the main shaft 2C, whereas the




main shaft bearing 3B on the rear supports the rear part 12 of the main shaft
2C. The main shaft bearings 3 (3A, 3B) are housed in bearing housings 16
respectively. From the purpose of enhancing stiffness against bending
moment or the like of the rotor 2, the bearing housings 16 are connected by a
connection frame 17 and the nacelle 8.

Each of the bearing housing 16 is supported on the nacelle side. For
instance, when the nacelle 8 includes a nacelle baseplate 8A supported
rotatably by the tower 7 and a nacelle cover 8B covering the nacelle baseplate
8A, each of the bearing housings 16 may be supported by the nacelle baseplate
8A or may be supported by the nacelle cover 8B. The nacelle cover 8B is
supported by a reinforcement member (frame) of the nacelle 8 and the nacelle
baseplate 8A.

[0040]

The front part 10 of the main shaft 2c extends outward in the radial
direction of the main shaft 2C at an end part which is on the side closer to the
hub 2B to form a flange 11. The flange 11 of the front part 10 is fastened to
the hub 2B by a bolt 14. Meanwhile, the brake disk 30 which stops the rotor
1, is fastened with the flange and the hub 2B. A detailed configuration of the
brake disc 30 is explained later.

[0041]

At the rear part 12 of the main shaft 2C, the main shaft bearing 3B on
the rear and the hydraulic pump 20 are provided as shown in FIG.2. FIG.2
illustrates the example where the hydraulic pump 20 is provided downstream
of the main shaft bearing 3B. However, this is not limitative and the
hydraulic pump 20 may be provided between the main shaft bearings 3A and
3B, or be formed integrally with the main shaft bearing 3B, i.e., the main
shaft bearing 3B also functions as a pump bearing for the hydraulic pump 3B.

Although not particularly limited to this, the hydraulic pump 20 is, for

instance, provided on the outer periphery of the rear part 12 of the main shaft




2C such that the rotation of the main shaft 2C causes a plurality of pistons 44
upward and downward to raise the pressure of the operating oil, as shown in
FIG.2. Specifically, the hydraulic pump 20 may be provided with a
cylindrical member 40, a ring cam 42, the pistons 44, a casing 46 and a pump
bearing 48. The cylindrical member 40 is fixed to the outer periphery of the
rear part 12 of the main shaft 2C. The ring cam 42 is an annular member
which is fixed to the outer periphery of the cylindrical member 40 and is
formed with a wave-like cam profile with depressions and projections to move
the pistons upward and downward. The pistons 44 are formed by arrays of
groups of pistons, that are arranged in the longitudinal direction of the main
shaft 2C, each array including a plurality of pistons arranged in the
circumferential direction. FIG.2 shows the exemplary configuration where
three arrays of groups of pistons are disposed in the longitudinal direction.
The pistons 44 are housed in the casing 46. Betwe.en the casing 46 and the
cylindrical member 40, the pump bearing 48 is provided.

[0042]

As shown in FIG.3, the brake disc 30 includes a tightening portion 31, a
middle portion 32 and a disc portion 33. The tightening portion 31 is
tightened together with the hub 2B and the flange 11 by the bolt 14. The
middle portion 32 bends and extends from the tightening portion 31 toward
the bearing housing 16 of the main shaft bearing 3A. The disc portion 33 is
disposed at the end of the middle portion 32.

[0043]

The tightening portion 31 extends in the radial direction of the main
shaft 2C along the flange 11 of the main shaft 2C. The tightening portion 31
has a circular ring shape. The middle portion 32 extends toward the bearing
housing 16 of the main shaft bearing 3A while spreading outward in the radial
direction of the main shaft 2 from a position where the flange 11 of the front

part 10 and the hub 2B are tightened together (i.e. a position of the bolt 14).




At the end of the middle portion 32, which is on the bearing housing side, the
disc portions 33 (33A and 33B) are provided on both outer and inner
circumferential sides. The outer disc portion 33A extends outward in the
radial direction of the main shaft 2C, whereas the inner disc portion 33B
extends inward in the radial direction of the main shaft 2C.

[0044]

In the brake disc of the above configuration, the middle portion 32 of
the brake disc 30 is provided so that the brake disc 30 spreads outward in the
radial direction of the main shaft 2C from the position where the flange 11 of
the main shaft 2C and the hub 2B are tightened together. This increases a
lever ratio, thereby applying a significant breaking force to the rotor 2.
Specifically, by providing the middle portion 32 spreading outward in the
radial direction, the disc portion 33, to which a friction force is applied by a
break caliper, can be provided much far from the axial center of the main shaft
2C in the radial direction. By this, even when the friction force by the brake
caliper 34 is small, significant breaking force can be applied to the rotor 2.
The brake caliper is explained in details later.

Further, by providing the middle portion 32, which extends toward the
bearing housing 16 of the main shaft bearing 3A from the position where the
hub 2B and the main shaft 2C are fastened together, the disc portion 33 to
which the friction force is applied from the brake caliper 34, can be provided
closer to the main shaft bearing 3A which is a supporting point of the main
shaft 2C. Specifically, a distance between the disc portion 33 and the main
shaft bearing 3A in the axial direction of the main shaft 2C can be reduced.
By this, even when a total force of the friction forces by all the brake calipers
34 has a radial component of the main shaft 2C, it is possible to reduce a
moment load acting on the main shaft 2C caused by the radial component of
the main shaft 2C.

[0045]




The brake caliper 34 (34A, 34B) is, as shown in FIG.3 and FIG.4,
arranged to straddle the disc portion 33 (33A, 33B). The brake caliper 34
includes a plurality of outer calipers 34A which are provided in
correspondence with the outer disc portion 33A on the outer circumferential
side of the brake disc 30, and a plurality of inner calipers 34B which are
provided in correspondence with the inner disc portion 33B of the brake disc
30.

In this manner, by providing a plurality of the brake calipers 34 (the
outer caliper 34A and the inner caliper 34B) on both the inner and outer
circumferential sides of the brake disc 30, sufficient braking force can be
applied to the rotor 2.

[0046]

Each of the brake calipers 34 (34A, 34B) forces a brake pad 35 against
the disc portion 33 (33a, 33B) of the brake disc by hydraulic pressure so as to
apply the braking force to the rotor 2. The brake caliper 34 is directly or
indirectly supported by the bearing housing 16 of the front main shaft bearing
3A or the nacelle baseplate 8A.

[0047]

For instance, as shown in FIG.2 and FIG.4, the outer calipers disposed
in an upper part of the brake disc 30 may be fixed to the bearing housing 16 of
the main shaft bearing 3A via a support member 36, whereas the outer
calipers 34A disposed in a lower part of the brake disc 30 may be directly fixed
to an end part of the nacelle baseplate 8A which is on the side closer to the
hub 2B (i.e. a front part of a side panel installed upright from a floor surface
of the nacelle baseplate 8A). The inner calipers 34B entirely may be directly
or indirectly fixed to the bearing housing 16 of the main shaft bearing 3A.

In this manner, by directly or indirectly fixing the brake caliper 34 (a
part of the outer calipers 34a and the inner calipers 34) to the bearing housing

16, the position on which the friction force applied by the brake caliper 34 acts,




can be close to main shaft bearing 3A and the support structure of the brake
caliper 34 can be compact. Particularly, a space on the inner circumferential
side of the brake disc 30 is covered by the middle portion 32 (see FIG.3) and it
i1s hard to reach the support member extending from the wall surface of the
nacelle cover 8B and the nacelle baseplate 8A and thus, the inner calipers 34B
are fixed to the bearing housing 16 to simplify the support structure of the
inner calipers 34B.

In contrast, the brake caliper 34 (the outer calipers disposed in the
lower part of the brake disc 30) are fixed to the end of the nacelle baseplate 8A
which is on the side closer to the hub 2B to simplify the support structure of
the brake caliper 34.

[0048]

A hydraulic cylinder may be installed to the brake disc 30 to perform a
turning operation of the rotor 2.

For instance, as shown in FIG.4 and FIG.5, the hydraulic cylinders 50
may be fixed to the brake disc 30 via brackets 52. The hydraulic cylinders 50
are installed upright on the nacelle baseplate 8A, having one end fixed to the
nacelle baseplate 8A and other end fixed to the brake disc 30 via the bracket
52. The bracket 52 is fastened to the brake disc 30 by means of a plurality of
fixing holes 54 formed in the entire circumference of the outer disc portion
33A of the brake disc 30. The bracket 52 is fixed to the outer disc portion 33
in an area where the outer calipers 34A are not provided.

[0049]

The hydraulic cylinder 50 is attached rotatably at a connection part 51
connecting the hydraulic cylinder 50 to the nacelle baseplate 8A and at a
connection part 53 connecting the hydraulic cylinder 50 to the bracket 52.
The hydraulic cylinder 50 moves around the connection parts 51 and 53 in
accordance with a rotation amount of the brake disc 30. FIG.5 shows a

movement of the hydraulic cylinders 50 around the connection parts 51 and 53




by dotted lines.
[0050]

By attaching the hydraulic cylinder 50 to the brake disc 30, the rotor 2
rotates with the brake disc 30 by changing the stroke of the piston by moving
the piston forward and backward by the hydraulic cylinder 50 and thus, it is
now possible to perform the turning operation of the rotor 2. Further, as the
brake disc (specifically, the outer disc portion 33A) has comparatively a large
diameter, it is easy to rotate the rotor when the load of the rotor 2 is
imbalanced during a blade attaching/detaching operation of the blade 2A or
the like.

Furthermore, the brake disc 30 is designed with enough strength to
withstand a reaction force caused when braking and stopping the rotor 2
which is rotating. Thus, even when high torque is inputted to the rotor 2
from the hydraulic cylinder 50 via the brake disc 30 to perform the turning
operation of the rotor 2 in a state that the load of the rotor 2 is imbalanced
during the blade attaching/detaching operation or the like, the brake disc 30
is capable of withstanding such motion.

[0051]

The hydraulic cylinders 50, as shown in FIG.4 and FIG,5, are
preferably provided on both sides of the brake disc 30. In such case, as
shown in FIG.5, the hydraulic cylinders 50 turn the brake disc 30 by moving
the pistons in opposite directions to each other. Specifically, one of the
cylinders 50 applies an upward pushing force in the vertical direction to the
brake disc 30, whereas the other of the cylinders 50 applies a downward
pushing force in the vertical direction to the brake disc 30. Thus, the radial
components of the pushing forces by the hydraulic cylinders 50 cancel one
another mostly and the moment load to the main shaft 2C caused by the radial
component of the total force of the pushing forces of the hydraulic cylinder 50

can be reduced.




[0052]

In this manner, by arranging a pair of the hydraulic cylinders 50 on
both sides of the brake disc 30 respectively, it is possible to transmit high
torque to the rotor 2 via the brake disc 30. Thus, it is possible to perform the
turning operation of the rotor 2 easily even in a state that the load of the rotor
2 is imbalanced during the blade attaching/detaching operation or the like.
Further, by arranging the hydraulic cylinders 50 upright on the nacelle
baseplate 8A, the reaction force from the hydraulic cylinders 50 can be
received by the nacelle baseplate.

(0053]

For the purpose of increasing the braking force to the rotor 2, it is
necessary to provide the outer calipers 34A over a large area of the outer
portion 33A in the circumferential direction. Thus, it is difficult to increase
the stroke amount of the hydraulic cylinder 50 as the outer calipers 34A could
interfere with the hydraulic cylinder 50 and the bracket 52.

In view of this, the rotor may be rotated intermittently by repeating
the turning operation by means of the hydraulic cylinders 50. Specifically,
the hydraulic cylinder 50 is attached to the brake disc 30 via the bracket 52, a
stroke of the cylinder 50 is changed, and then the rotor is rotated by a
prescribed angle. Next, the bracket 52 is detaching the bracket 52 from the
brake disc 30, the hydraulic cylinder 50 is disconnected from the brake disc 30
and then the stroke of the hydraulic cylinder 50 is returned to an original
stroke. Subsequently, the hydraulic cylinder 50 is attached again to the
brake disc 30 via the bracket 52, the stroke of the cylinder 50 is changed, and
then the rotor is rotated by a prescribed angle. By repeating the above steps,
it is possible to rotate the rotor 2 intermittently.

[0054]
With use of the fixing holes 54 of the brake disc 30, a locking

mechanism may be provided to lock the rotor 2.




FI1G.6 shows a configuration example of a rotor locking mechanism
which uses the fixing holes 54 of the brake disc 30. As shown in the drawing,
the locking mechanism 60 includes a lock pin 61. The lock pin 61 is
configured to be inserted in one of first holes (fixing holes) 54 formed in the
brake disc 30 and in a second hole 63 formed in a stationary member 62 which
is fixed to the nacelle side. The stationary member 62 is fixed to the nacelle
baseplate 8A, the nacelle cover 8B, the bearing housing 16 of the main shaft
bearing 3A or the like.

By inserting the lock pin 61 in the first hole (the fixing hole) 54 of the
brake disc and the second hole 63 on the nacelle side, the brake disc 30 can be
used for the purpose of locking the rotor 2 by the lock pin 61, resulting in
saving the space.

[0055]

As shown in FIG.6, a corner of a tip surface of the lock pin 61 and a
corner 65 of an opening edge surface of the first fixing hole 54 of the brake
disc 30 may be chamfered, thereby making insertion of the lock pin 61 smooth.
The corners 64 and 65 may be chamfered by chamfering the corners into
inclined surfaces of approximately 45 degree or by round chamfering the
corners.

The insertion of the lock pin 61 into the first hole 54 and the second
hole 63 may be automated. For instance, a rotational displacement (an
angular position) of the rotor 2 may be detected by a rotary encoder, and based
on the detection result, it is determined whether or not the first hole 54
coincides with the second hole 63. When it is determined that the first hole
54 coincides with the second hole 63, the lock pin 61 may be automatically
inserted in the first hole 54 and the second hole 63 by an actuator.

[0056]
A method of attaching and detaching the blade 2A in the wind turbine

generator 1 having the above configuration is explained below.




In the wind turbine generator 1 provided with a plurality of blades 2A,
it is necessary to lock the rotor at an angular position appropriate for
attaching or detaching each of the blades 2A, i.e. "a desired angular position”.
For instance, in order to attach the blade 2A, firstly the blade 2A is lifted close
to the hub 2B by a crane, and secondly in such a state that the blade 2A is
positioned vertically or horizontally, the rotor 2 is locked at an angular
position where a blade root of the blade 2A coincides with a blade fixing hole
of the hub 2B (see 2D in FIG.2).

In the present embodiment, the rotor 2 is rotated to a desired angular
position by means of the hydraulic cylinder 50 and then locked at the desired
angular position by the locking mechanism 60. A process of locking the rotor
2 at the angular position appropriate for attaching or detaching each of the
blades, is described below.

[0057]

First, in a state that the brake by the brake disc 30 and the brake
caliper 34 is released, the rotor 2 is rotated with the brake disc 30 to the
desired angular position using the hydraulic cylinder 50. Meanwhile, the
rotor may be intermittently rotated by repeating the above process (attaching
the hydraulic cylinder 50 to the brake disc 30—»changing the stroke of the
hydraulic cylinder 50—disconnecting the hydraulic cylinder 50 from the brake
disc 30—returning the stroke of the hydraulic cylinder 50 to the original
stroke).

[0058]

Once the rotor 2 is rotated to the desired angular position, the braking
force is applied to the rotor 2 by the brake disc 30 and the brake caliper 34 to
stop the rotor 2 at the desired angular position. Specifically, hydraulic
pressure is applied to the brake caliper 34 to force the brake pad 35 against
the disc portion 33 of the brake disc 30 by the hydraulic pressure. As a result,

the breaking force is applied to the rotor 2 and the rotor 2 is stopped at the




desired angular position.
[0059]

Next, the lock pin 61 is inserted in the first hole (the fixing hole) 54 of
the brake disc 30 and the second hole 63 of the stationary member 62 to lock
the rotor 2 at the desired angular position and the rotor is immobilized in a
rotational direction. Further, the first hole 54 and the second hole 63 are
formed such that the second hole 63 of the stationary member 62 coincides
with the first hole (the fixing hole) 54 of the brake disc 30 in such a state that
the rotor 2 is stopped at the desired angular position. In the case where the
blades 2A have different desired angular positions of the rotor 2, a plurality of
the first holes (the fixing holes) 54 are formed in the brake disc 30 preferably
in such a manner that the second hole 63 coincides with the first hole 54 when
the rotor 2 is rotated to the desired angular positioned defined for each of the
blades 2A.

(0060]

For the purpose of stopping and locking the rotor 2 at the desired
angular position, the stroke of the hydraulic cylinder 50 may be fixed. To fix
the stroke of the stroke of the hydraulic cylinder 50, for instance, the piston of
the hydraulic cylinder 50 may be immobilized by mechanically latching the
piston, or by sealing the working chamber of the hydraulic cylinder 50 into a
hydraulically locked state.

[0061]

Once the rotor 2 is locked at the desired angular position, the blade
attaching/detaching operation of the blade 2A with respect to the hub 2B is
performed. For instance, when attaching the blade 2Aturning operation to
the hub 2B, with the rotor locked at the desired angular position, the blade
root of the blade 2A is attached at the blade fixing hole 2D of the hub 2B to fix
the blade 2A to the hub 2B.

[0062]




As described above, the wind turbine generator 1 of the present
embodiment is provided with the brake disc 30 fixed to the rotor 2 by
tightening the hub 2B and the main shaft 2C together, and the brake caliper
34 which applies the braking force to the rotor 2 by forcing the brake pad 35
against the disc portion 22 of the brake disc 30.

According to the wind turbine generator 1, the brake disc 30 is fixed to
the rotor 2 by fastening the hub 2B and the main shaft 2C together with use of
the tightening portions of the hub 2B and the main shaft 2C, which are
essential portions. Thus, it is no longer necessary to provide a separate
flange specifically for fixing the brake disc, thereby contributing to saving the
space.

[0063]

Further, in the present embodiment, when performing the blade
attaching/detaching operation of the blade 2A of the wind turbine generator 1,
the rotor 2 is rotated to the desired angular position by the hydraulic cylinder
50 and then, the rotor 2 is stopped at the desired angular position using the
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