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(54) RENEWABLE ENERGY-TYPE POWER GENERATOR

(57) A renewable energy power generating appara-
tus includes: at least one blade; a hub to which the at
least one blade is mounted; a cylindrical member extend-
ing through the hub and in a direction orthogonal to a
rotational plane of a rotor including the at least one blade
and the hub; at least one main bearing disposed between
the hub and the cylindrical member, the at least one main
bearing rotatably supporting the hub on the cylindrical
member; a nacelle including a nacelle base plate sup-
porting the cylindrical member; a hydraulic pump includ-

ing a rotor part fixed to the hub and a stator part fixed to
the cylindrical member, the rotor part and the stator part
being disposed on an opposite side of the hub from the
nacelle and; a hydraulic motor configured to be driven
by pressurized oil from the hydraulic pump; an oil pipe
disposed between the hydraulic pump and the hydraulic
motor so as to be inserted through the cylindrical mem-
ber; and a generator configured to be driven by the hy-
draulic motor.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a renewable
energy power generating apparatus. A renewable energy
power generating apparatus utilizes renewable energy
such as wind, tidal current, ocean current, and river cur-
rent. For instance, a wind turbine power generating ap-
paratus, a tidal current power generating apparatus, an
ocean current power generating apparatus, a river cur-
rent power generating apparatus, or the like can be men-
tioned as an example of a renewable energy power gen-
erating apparatus.

BACKGROUND

[0002] In view of the increasing environmental aware-
ness, a wind turbine power generating apparatus has
drawn attention in recent years as a renewable energy
power generating apparatus. A wind turbine power gen-
erating apparatus generally includes a rotor in which a
plurality of blades is attached to a hub. A rotor is mounted
to a nacelle disposed on a tower built on the ground or
on the ocean. In a wind turbine power generating appa-
ratus of this type, the rotor rotates when the blade re-
ceives wind, so that rotation of the rotor is transmitted to
a generator housed in the nacelle by a drivetrain part,
the generator thereby generating electric power.
[0003] Patent Document 1 discloses a wind turbine
power generating apparatus using a hydraulic pump and
a hydraulic motor as a drivetrain part. In this wind turbine
power generating apparatus, the hydraulic pump is driv-
en by a rotor so that pressurized oil is produced, and this
pressurized oil drives the hydraulic motor. Then, in a gen-
erator coupled to the hydraulic motor, rotation energy
inputted from the hydraulic motor is converted into elec-
tric energy, and thereby electric power is generated.
[0004] Although not related to a wind turbine power
generating apparatus including a hydraulic pump and a
hydraulic motor as a drivetrain part, Patent Documents
2 to 4 disclose a typical configuration example of a hub
and a hub peripheral area of a wind turbine power gen-
erating apparatus.

Citation List

Patent Literature

[0005]

Patent Document 1: US Patent Application Pub. No.
2010/0032959
Patent Document 2: DE 102008063874A
Patent Document 3: Japanese Patent Unexamined
Application Pub. No. 2009-162380
Patent Document 4: Japanese Patent No. 4533642

SUMMARY

Technical Problem

[0006] Meanwhile, renewable energy power generat-
ing apparatuses such as a wind turbine power generating
apparatus have been increased in size from the perspec-
tive of improving the power generation capacity. Thus, a
drivetrain part of a renewable energy power generating
apparatus tends to increase in size and weight to transmit
large torque. As a result, a nacelle base plate supporting
the drivetrain part has increased in size, and the in-
creased weight of a nacelle results in an increase in the
production cost of a renewable energy power generating
apparatus.
[0007] Further, in a common renewable energy power
generating apparatus, a drivetrain part for transmitting
rotation energy of a hub is not separated from a load
carry part for transmitting a load caused by a bending
moment of a blade to a nacelle base plate. Thus, if the
structure design of each part is to be optimized, the two
parts would affect each other. As a result, the optimum
weight reduction of each part is interrupted, which makes
it difficult to reduce the weight of a nacelle.
[0008] In this regard, Patent Document 1 does not dis-
close configurations of a drivetrain part and a load carry
part for reducing the weight of a nacelle. Further, Patent
Documents 2 to 4 are not related to a wind turbine power
generating apparatus including a drivetrain part including
a hydraulic pump and a hydraulic motor in the first place.
[0009] An object of at least one embodiment of the
present invention is to provide a renewable energy power
generating apparatus whereby the weight of a nacelle
can be reduced.

Solution to Problem

[0010] A renewable energy power generating appara-
tus according to at least one embodiment of the present
invention includes: at least one blade; a hub to which the
at least one blade is mounted; a cylindrical member ex-
tending through the hub and in a direction orthogonal to
a rotational plane of a rotor including the at least one
blade and the hub; at least one main bearing disposed
between the hub and the cylindrical member, the at least
one main bearing rotatably supporting the hub on the
cylindrical member; a nacelle including a nacelle base
plate supporting the cylindrical member; a hydraulic
pump including a rotor part fixed to the hub and a stator
part being fixed to the cylindrical member, the rotor part
and the stator part being disposed on an opposite side
of the hub from the nacelle; a hydraulic motor configured
to be driven by pressurized oil from the hydraulic pump;
an oil pipe disposed between the hydraulic pump and the
hydraulic motor so as to be inserted through the cylindri-
cal member; and a generator configured to be driven by
the hydraulic motor.
[0011] In the above renewable energy power generat-
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ing apparatus, the hydraulic pump and the hydraulic mo-
tor, which constitute the drivetrain part, are separated
from each other, and the hydraulic pump is disposed on
the opposite side of the hub from the nacelle. Thus, it is
unnecessary to provide a space for installing the hydrau-
lic pump inside the nacelle, which makes it possible to
reduce the size and weight of the nacelle. Such a layout
of the hydraulic pump is possible because the stator part
of the hydraulic pump is supported to the nacelle base
plate via the cylindrical member inserted through the hub,
and the oil pipe between the hydraulic pump and the hy-
draulic motor is disposed so as to be inserted through
the inside of the cylindrical member.
[0012] Further, in the above renewable energy power
generating apparatus, the load caused by the bending
moment of the blade is transmitted to the hub, the main
bearing, the cylindrical member, and the nacelle base
plate in this order. That is, the load carry part in the above
renewable energy power generating apparatus includes
the hub, the main bearing, the cylindrical member and
the nacelle base plate. On the other hand, rotation energy
of the hub is transmitted to the hub, the hydraulic pump,
the oil pipe, and to the hydraulic motor in this order. That
is, the drivetrain part in the above renewable energy pow-
er generating apparatus includes the hub, the hydraulic
pump, the oil pipe and the hydraulic motor. As described
above, since the drivetrain part and the load carry part,
which are two parts having different functions, are sep-
arated, it is possible to optimize and reduce the weight
of each part, and to reduce the weight of the nacelle even
further. Here, it is possible to separate the parts because
the rotation energy of the hub is once converted into hy-
draulic energy in the hydraulic pump being a part of the
drivetrain part, and then the hydraulic energy is supplied
to the hydraulic motor via the oil pipe inserted through
the cylindrical member being a part of the load carry part.
[0013] Further, if the hydraulic pump is disposed on
the opposite side of the hub from the nacelle, there is no
intervening object that is difficult to remove, such as the
nacelle base plate, below the hydraulic pump. Thus,
transportation work using a crane is facilitated. As a re-
sult, maintainability of the hydraulic pump is improved.
[0014] In some embodiment, the renewable energy
power generating apparatus further includes at least one
auxiliary bearing disposed between the hub and the cy-
lindrical member, and configured to assist the at least
one main bearing and support the hub on the cylindrical
member only when a large load is applied to the hub, the
large load being greater than a load at which the hub is
supportable by the at least one main bearing alone.
[0015] In this way, even if a large load suddenly caused
by a bending moment of a blade is supplied to the hub,
the auxiliary bearing can assist the main bearing and
support the hub. Thus, the main bearing can be designed
basically taking account of only the fatigue load due to
the weight of the rotor, which makes it possible to reduce
the size of the main bearing.
[0016] In some embodiments, the at least one auxiliary

bearing is configured not to be in contact with one of the
hub or the cylindrical member when a load applied to the
hub is not greater than the large load, and to be in contact
with the one of the hub or the cylindrical member only
when the large load is applied to the hub.
[0017] In this way, when only the fatigue load caused
by the weight of the rotor is mainly applied to the rotor,
the auxiliary bearing is not in contact with one of the hub
or the cylindrical member, and thus the friction loss is not
caused on the auxiliary bearing. Thus, it is possible to
avoid a decrease in operation efficiency of the renewable
energy power generating apparatus due to additional
provision of the auxiliary bearing.
[0018] In some embodiments, a slide surface of the at
least one auxiliary bearing includes a low-friction material
or a wear-resistant material. In this way, the auxiliary
bearing can support an even larger load.
[0019] In some embodiments, the hub includes a first
through hole adjacent to the hydraulic pump and a sec-
ond through hole adjacent to the nacelle side, the cylin-
drical member being inserted through the first through
hole and the second through hole. The at least one main
bearing is disposed between an inner circumferential sur-
face of the first through hole and an outer circumferential
surface of the cylindrical member which faces the inner
circumferential surface of the first through hole. The at
least one auxiliary bearing is disposed between an inner
circumferential surface of the second through hole and
an outer circumferential surface of the cylindrical member
which faces the inner circumferential surface of the sec-
ond through hole.
[0020] The blade of the wind turbine power generating
apparatus often has a cone angle, in case of which the
gravity center of the entire rotor is disposed closer to the
first through hole than to the second through hole. Fur-
ther, as described above, in a case where the hydraulic
pump is disposed on the opposite side of the hub from
the nacelle, the gravity center of the entire rotor is dis-
posed even closer to the first through hole. In view of
this, if the main bearing is disposed on the first through
hole disposed even closer to the gravity center of the
entire rotor, it is possible to reduce the fatigue load of the
main bearing due to the weight of the rotor and to reduce
the size of the main bearing.
[0021] In some embodiments, an end of the hub which
is adjacent to the hydraulic pump includes a recess por-
tion recessed toward the nacelle, and the first through
hole is disposed on the recess portion.
[0022] In this way, the main bearing is disposed closer
to the gravity center of the rotor including the blade and
the hub, which makes it possible to effectively reduce the
fatigue load of the main bearing and to reduce the size
of the main bearing.
[0023] In some embodiments, the recess portion is
configured such that the at least one main bearing is dis-
posed on an axial position corresponding to a position of
a gravity center of the rotor.
[0024] In this way, it is possible to substantially mini-
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mize the fatigue load of the main bearing.
[0025] In some embodiments, the at least one main
bearing is a single double-row tapered roller bearing in-
cluding tapered rollers as rolling bodies each of which
has a center axis forming an angle of not less than 40
degrees and not more than 50 degrees from an axial
direction of the at least one main bearing.
[0026] In this way, it is possible to resist the bending
moment (rotational force) caused by outer force applied
to an axial position that is offset from the main bearing
(double-row tapered roller bearing), which makes it pos-
sible to support the hub on the cylindrical member with
the double-row tapered roller bearing.
[0027] In some embodiments, the cylindrical member
includes a cast integrally formed with the nacelle base
plate.
[0028] In some embodiments, the rotor part has a cy-
lindrical shape and includes a hollow part radially inside
the rotor part, the rotor part being fixed to an end of the
hub which is adjacent to the hydraulic pump so as to
extend from the end in a direction away from the hub in
an axial direction of the cylindrical member. The stator
part includes a stator body portion disposed around the
rotor part and forming a pump interior space which ac-
commodates a pressurized-oil generation mechanism
with the rotor part, and a stator support portion which
passes through the hollow part radially inside the rotor
part and supports the stator body portion on an end of
the cylindrical member which is opposite from the na-
celle.
[0029] In some embodiments, the pressurized-oil gen-
eration mechanism includes: at least one ring cam dis-
posed on an outer circumferential surface of the rotor
part and configured to rotate with the rotor part, the at
least one ring cam including a plurality of projections and
recesses arranged in a circumferential direction; a plu-
rality of cylinders disposed on a stator part side and ar-
ranged in a radial fashion around the at least one ring
cam; a plurality of pistons configured to be driven by the
projections and recesses of the at least one ring cam to
slide in the respective cylinders; and low pressure valves
and high pressure valves for supplying and discharging
working oil to and from hydraulic chambers each of which
is defined by corresponding one of the cylinders and cor-
responding one of the pistons disposed in the cylinder.
[0030] In some embodiments, the rotor part is fixed to
an end of the hub which is adjacent to the hydraulic pump,
the rotor part extending from the end in a direction away
from the hub in an axial direction of the cylindrical mem-
ber. The stator part is disposed radially inside the rotor
part so as to form a pump interior space accommodating
a pressurized-oil generation mechanism with the rotor
part, the stator part being supported on an end of the
cylindrical member which is opposite from the nacelle.
[0031] In some embodiments, the pressurized-oil gen-
eration mechanism includes: at least one ring cam dis-
posed on an inner circumferential surface of the rotor
part and configured to rotate with the rotor part, the at

least one ring cam including a plurality of projections and
recesses arranged in a circumferential direction; a plu-
rality of cylinders disposed on a stator part side and ar-
ranged in a radial fashion radially inside the at least one
ring cam; a plurality of pistons configured to be driven by
the projections and recesses of the at least one ring cam
to slide in the respective cylinders; and low pressure
valves and high pressure valves for supplying and dis-
charging working oil to and from hydraulic chambers
each of which is defined by corresponding one of the
cylinders and corresponding one of the pistons disposed
in the cylinder.
[0032] In some embodiments, the renewable energy
power generating apparatus includes a torque transmit-
ting part disposed between the hub and the rotor part
and configured to selectively transmit a moment about a
rotational shaft of the rotor part to the rotor part, from
among loads applied to the rotor part from the hub.
[0033] In this way, it is possible to selectively transmit
only the torque about the rotation shaft of the rotor part
from among the loads applied to the hub to the rotor part
of the hydraulic pump being a part of the drivetrain part.
Thus, the structure design of the hydraulic pump is facil-
itated, and the hydraulic pump can be reduced in weight.
[0034] A renewable energy power generating appara-
tus according to at least one embodiment of the present
invention includes: at least one blade; a hub to which the
at least one blade is mounted; a fixed shaft extending
through the hub and in a direction orthogonal to a rota-
tional plane of a rotor including the at least one blade and
the hub; a pair of main bearings disposed between the
hub and the fixed shaft, the pair of main bearings rotatably
supporting the hub on the fixed shaft; a nacelle including
a nacelle base plate supporting the fixed shaft; and a
driven part including a rotor part fixed to the hub and a
stator part disposed radially inside or outside the rotor
part. The hub includes a first through hole and a second
through hole through which the fixed shaft is inserted,
the first through hole disposed farther from the nacelle
than the second through hole is. The pair of main bear-
ings includes: a first main bearing disposed between an
inner circumferential surface of the first through hole and
an outer circumferential surface of the fixed shaft facing
the inner circumferential surface of the first through hole;
and a second main bearing disposed between an inner
circumferential surface of the second through hole and
an outer circumferential surface of the fixed shaft facing
the inner circumferential surface of the second through
hole.
[0035] According to the above renewable energy pow-
er generating apparatus, the first main bearing and the
second main bearing are disposed at the positions of the
first through hole and the second through hole of the hub,
respectively. Thus, the first main bearing and the second
main bearing are disposed on either side of the load bear-
ing point on which the load against the rotor is applied,
such as the wind load and the gravity load caused by the
weight of the rotor. As a result, the bearing load is re-
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duced, which makes it possible to reduce the size and
weight of the main bearings.
[0036] Further, in the above renewable energy power
generating apparatus, the load caused by the bending
moment of the blade is transmitted to the hub, the main
bearing, the fixed shaft, and the nacelle base plate in this
order. That is, the load carry part in the above renewable
energy power generating apparatus includes the hub,
the main bearing, the cylindrical member and the nacelle
base plate. On the other hand, rotation energy of the hub
is transmitted to the hub and to the driven part in this
order. That is, the drivetrain part in the above renewable
energy power generating apparatus includes the hub and
the driven part. As described above, since the drivetrain
part and the load carry part, which are two parts having
different functions, are separated, it is possible to opti-
mize and reduce the weight of each part, and to reduce
the weight of the nacelle even further.
[0037] In some embodiments, the renewable energy
power generating apparatus is a wind turbine power gen-
erating apparatus configured to generate electric power
in the generator by utilizing wind energy received by the
at least one blade from wind serving as a renewable en-
ergy source.

Advantageous Effects

[0038] According to at least one embodiment of the
present invention, the hydraulic pump and the hydraulic
motor, which constitute the drivetrain part, are separated
from each other, and the hydraulic pump is disposed on
the opposite side of the hub from the nacelle. Thus, it is
unnecessary to provide a space for installing the hydrau-
lic pump inside the nacelle, which makes it possible to
reduce the size and weight of the nacelle.
[0039] Since the load carry part including the hub, the
main bearing, the cylindrical member and the nacelle
base plate and the drivetrain part including the hub, the
hydraulic pump, the oil pipe and the hydraulic motor,
which are two parts having different functions, are sep-
arated, it is possible to optimize and reduce the weight
of each part, and to reduce the weight of the nacelle even
further.

BRIEF DESCRIPTION OF DRAWINGS

[0040]

FIG. 1 is a schematic diagram illustrating an overall
configuration of a wind turbine power generating ap-
paratus according to one embodiment.
FIG. 2 is a cross-sectional view of a configuration
example of a hydraulic pump and a hub of the wind
turbine power generating apparatus according to
one embodiment.
FIG. 3 is a cross-sectional view of a hydraulic pump
and its peripheral area in an axial direction of the
hydraulic pump of the wind turbine power generating

apparatus illustrated in FIG. 2.
FIG. 4 is a cross-sectional view of a hydraulic pump
and its peripheral area in a radial direction of the
hydraulic pump of the wind turbine power generating
apparatus illustrated in FIG. 2.
FIG. 5 is a cross-sectional view of a configuration
example of a hydraulic pump and a hub of the wind
turbine power generating apparatus according to
one embodiment.
FIG. 6 is a cross-sectional view of a hydraulic pump
and its peripheral area in an axial direction of the
hydraulic pump of the wind turbine power generating
apparatus illustrated in FIG. 5.
FIG. 7 is a cross-sectional view of a hydraulic pump
and its peripheral area in a radial direction of the
hydraulic pump of the wind turbine power generating
apparatus illustrated in FIG. 5.
FIG. 8 is a diagram for describing the operation prin-
ciple of a hydraulic support in response to torque.
FIG. 9 is a diagram for describing the operation prin-
ciple of a hydraulic support in response to a load in
an orthogonal direction.
FIG. 10 is a cross-sectional view of a hub and a hy-
draulic pump according to one embodiment.
FIG. 11 is a cross-sectional view taken along the line
A-A from FIG. 10.
FIG. 12 is a cross-sectional view of a hub and a hy-
draulic pump according to one embodiment.

DETAILED DESCRIPTION

[0041] 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, shapes, relative posi-
tions and the like of components described in the em-
bodiments shall be interpreted as illustrative only and not
limitative of the scope of the present invention.
[0042] First, described below is a renewable energy
power generating apparatus according to one embodi-
ment. While a wind turbine power generating apparatus
is described herein as an example of a renewable energy
power generating apparatus, the method of assembling
a shaft system according to the embodiments of the
present invention can be applied to other renewable en-
ergy power generating apparatuses, such as a tidal cur-
rent power generating apparatus, an ocean current pow-
er generating apparatus, and a river current power gen-
erating apparatus.
[0043] FIG. 1 is a schematic diagram illustrating an
overall configuration of a wind turbine power generating
apparatus 2 according to one embodiment. As illustrated
in the drawing, the wind turbine power generating appa-
ratus 2 mainly includes a rotor 7 which rotates due to
wind energy, a generator 30 for generating electric pow-
er, and a drivetrain part 9 for transmitting rotation energy
of the rotor 7 to the generator 30. The generator 30 may
be disposed inside the nacelle 14.

7 8 



EP 2 905 465 A1

6

5

10

15

20

25

30

35

40

45

50

55

[0044] The rotor 7 includes at least one blade 4, and
a hub 6 to which the at least one blade 4 is mounted. The
blade 4 is mounted to the hub 6 so as to extend radially
centered at the hub 6.
[0045] The drivetrain part 9 includes a hydraulic pump
20 driven by rotation of the hub 6, a hydraulic motor 22
driven by pressurized oil produced in the hydraulic pump
20, and oil piping disposed between the hydraulic pump
20 and the hydraulic motor 22. The oil piping includes a
high pressure oil pipe 24 and a low pressure oil pipe 26.
[0046] FIG. 2 is a cross-sectional view of a configura-
tion example of the hydraulic pump 20 and the hub 6 of
the wind turbine power generating apparatus 2 according
to one embodiment. As illustrated in the drawing, the wind
turbine power generating apparatus 2 further includes a
cylindrical member 8 that is inserted through the hub 6
in a direction orthogonal to the rotational plane of the
rotor 7 so as to extend to the outside of the nacelle 14,
and at least one main bearing 10 disposed between the
hub 6 and the cylindrical member 8.
[0047] In one embodiment, the at least one main bear-
ing 10 for rotatably supporting the hub 6 on the cylindrical
member 8 includes a single double-row tapered roller
bearing which includes tapered rollers 40 serving as roller
bodies. The center axis of each tapered roller 40 forms
an angle of not less than 40 degrees and not more than
50 degrees (for instance, 45 degrees) from the axial di-
rection of the main bearing 10.
[0048] Normally, if there is provided only one bearing,
it is difficult to support a bending moment (rotational
force) caused by outer force applied to an axial position
that is offset from the bearing. In contrast, if a single dou-
ble-row tapered roller bearing including the tapered roll-
ers 40 each of which has a center axis that forms an
angle of not less than 40 degrees and not more than 50
degrees from the axial direction of the main bearing 10
is provided as the main bearing 10, it is possible to resist
the bending moment (rotational force) caused by outer
force applied to an axial position that is offset from the
main bearing (double-row tapered bearing) 10, which
makes it possible to support the hub 6 on the cylindrical
member 8 with the double-row tapered roller bearing 10.
[0049] In some embodiments, the wind turbine power
generating apparatus 2 further includes an auxiliary bear-
ing 32 disposed between the hub 6 and the cylindrical
member 8. The auxiliary bearing 32 is configured to assist
the main bearing 10 and support the hub 6 on the cylin-
drical member 8 only when a large load greater than a
load such that the main bearing 10 can support the hub
6 solely is applied to the hub 6.
[0050] In this way, even if a large load suddenly caused
by a bending moment of a blade is applied to the hub 6,
the auxiliary bearing 32 can assist the main bearing 10
and support the hub 6. Thus, the main bearing 10 can
be designed basically taking account of only the fatigue
load due to the weight of the rotor 7, which makes it pos-
sible to reduce the size of the main bearing 10.
[0051] In one embodiment, the auxiliary bearing 32 is

not in contact with one of the hub 6 or the cylindrical
member 8 when a load applied to the hub 6 is not more
than the large load, and in contact with the above men-
tioned one of the hub 6 or the cylindrical member 8 only
when the large load is applied to the hub 6.
[0052] In this way, when only the fatigue load caused
by the weight of the rotor 7 is mainly applied to the rotor
7, the auxiliary bearing 32 is not in contact with one of
the hub 6 or the cylindrical member 8, and thus the friction
loss is not caused on the auxiliary bearing 32. Thus, it is
possible to avoid a decrease in operation efficiency of
the renewable energy power generating apparatus due
to additional provision of the auxiliary bearing 32.
[0053] In one embodiment, as illustrated in FIG. 2, the
auxiliary bearing 32 is mounted to the hub 6, and includes
a slide surface (bearing surface) 32A which contacts the
outer circumferential surface of the cylindrical member 8
when the large load is applied to the hub 6. In another
embodiment, the auxiliary bearing 32 is mounted to the
cylindrical member 8, and includes a slide surface (bear-
ing surface) which contacts the hub 6 when the large load
is applied to the hub 6.
[0054] Here, the auxiliary bearing 32 may be an annu-
lar member continuously extending over the entire cir-
cumference of the cylindrical member 8, or a plurality of
arc members in cross section arranged around the cy-
lindrical member 8. Here, the slide surface 32A of the
auxiliary bearing 32 may be formed from a low-friction
material or a wear-resistant material. In yet another em-
bodiment, the auxiliary bearing 32 may be a roller bearing
including balls or rollers, for instance.
[0055] As illustrated in FIG. 2, the hub 6 includes the
first through hole 34 adjacent to the hydraulic pump 20
and the second through hole 36 adjacent to the nacelle
14. The cylindrical member 8 is inserted through the first
through hole 34 and the second through hole 36. In one
embodiment, the main bearing 10 is disposed between
the inner circumferential surface of the first through hole
34 and the outer circumferential surface of the cylindrical
member 8 facing the inner circumferential surface of the
first through hole 34, while the auxiliary bearing 32 is
disposed between the inner circumferential surface of
the second through hole 36 and the outer circumferential
surface of the cylindrical member 8 facing the inner cir-
cumferential surface of the second through hole 36.
[0056] The blade 4 of the wind turbine power generat-
ing apparatus 2 often has a cone angle, in case of which
the gravity center G of the entire rotor 7 is closer to the
first through hole 34 than to the second through hole 36.
Further, as described below, in a case where the hydrau-
lic pump 20 is disposed on the opposite side of the hub
6 from the nacelle 14, the gravity center G of the entire
rotor 7 is disposed even closer to the first through hole 34.
[0057] In view of this, if the main bearing 10 is disposed
on the first through hole 34 which is even closer to the
gravity center G of the entire rotor 7, it is possible to re-
duce the fatigue load of the main bearing 10 due to the
weight of the rotor 7 and to reduce the size of the main

9 10 



EP 2 905 465 A1

7

5

10

15

20

25

30

35

40

45

50

55

bearing 10.
[0058] In one embodiment, a recess portion 38 is dis-
posed on an end of the hub 6 that is adjacent to the
hydraulic pump 20. The recess portion 38 is recessed
toward the nacelle 14, and the first through hole 34 is
formed on the recess portion 38. In this way, the main
bearing 10 is disposed closer to the gravity center G of
the rotor 7 including the blade 4 and the hub 6, which
makes it possible to effectively reduce the fatigue load
of the main bearing 10 and to further reduce the size of
the main bearing 10.
[0059] Here, the recess portion 38 may be configured
such that the main bearing 10 is disposed on an axial
position (a position in the direction X) corresponding to
the position of the gravity center G of the rotor 7. In other
words, the depth of the recess of the recess portion 38
may be determined so that axial positions (positions in
the direction X) of the gravity center G of the rotor 7 and
the main bearing 10 are matched. In this way, it is possible
to substantially minimize the fatigue load of the main
bearing 10.
[0060] Further, as illustrated in FIG. 2, the hydraulic
pump 20 includes a rotor part 16 fixed to the hub 6, and
a stator part 18 fixed to the cylindrical member 8. The
rotor part 16 and the stator part 18 are disposed on the
opposite side of the hub 6 from the nacelle 14, which is
the outside of the nacelle 14.
[0061] The nacelle 14 includes a nacelle base plate 12
supporting the cylindrical member 8, and the cylindrical
member 8 may include a cast integrally formed with the
nacelle base plate 12. In this case, as illustrated in FIG.
1, a curved portion may be interposed between the cy-
lindrical member 8 and the nacelle base plate 12. That
is, a curved portion having an elbow shape may be dis-
posed between the nacelle base plate 12 and an end of
the cylindrical member 8 that is disposed on the opposite
side from the hydraulic pump 20.
[0062] Further, as illustrated in FIG. 1, the nacelle 14
is disposed on the tower 3, and a yaw rotation bearing
78 is disposed between the nacelle base plate 12 and
the tower 3. A pinion gear (not illustrated) is attached to
a yaw motor (not illustrated), and the tower 3 includes a
link gear (not illustrated) which engages with the pinion
gear. When the yaw motor is driven and the pinion gear
is rotated, it is possible to rotate the nacelle base plate
12 supported on the tower 3 via the yaw rotation bearing
78.
[0063] FIG. 3 is a cross-sectional view of the hydraulic
pump 20 and its peripheral area in the axial direction of
the hydraulic pump 20 of the wind turbine power gener-
ating apparatus 2 illustrated in FIG. 2. FIG. 4 is a cross-
sectional view of the hydraulic pump 20 and its peripheral
area in the radial direction of the hydraulic pump 20 of
the wind turbine power generating apparatus 2 illustrated
in FIG. 2. As illustrated in the drawings, in the wind turbine
power generating apparatus 2 according to one embod-
iment, the rotor part 16 has a cylindrical shape and has
a hollow part radially inside the rotor part 16. The rotor

part 16 is fixed to an end of the hub 6 that is adjacent to
the hydraulic pump 20, and extends from this end in a
direction away from the hub 6 in the axial direction of the
cylindrical member 8. Here, it is sufficient if the cylindrical
shape of the rotor part 16 has a portion that can be sub-
stantially regarded as a cylinder, and thus the rotor part
16 may not necessarily be a "cylinder" in the geometrical
sense.
[0064] The stator part 18 includes a stator body portion
18A and a stator support portion 18B. The stator body
portion 18A is disposed around the rotor part 16, forming
an interior space of the hydraulic pump 20 that accom-
modates a pressurized-oil generation mechanism 42
with the rotor part 16. That is, the interior space of the
hydraulic pump 20 is formed between the stator body
portion 18A and the rotor part 16. The stator support por-
tion 18B supports the stator body portion 18A on the cy-
lindrical member 8 through the hollow part radially inside
the rotor part 16.
[0065] In one embodiment, the pressurized-oil gener-
ation mechanism 42 includes a ring cam 48, a plurality
of cylinders 50, a plurality of pistons 52, low pressure
valves 56 and high pressure valves 58. The ring cam 48
includes a number of projections and recesses (lobe) ar-
ranged in the circumferential direction. The ring cam 48
is disposed on the outer circumferential surface of the
rotor part 16 and configured to rotate with the rotor part
16. The plurality of cylinders 50 is disposed on the stator
body portion 18A side, and arranged in a radial fashion
around the ring cam 48.
[0066] The plurality of pistons 52 is configured to be
driven by the projections and recesses of the ring cam
48 to slide in the respective cylinders 50. Each cylinder
50 and the corresponding piston 52 disposed inside the
cylinder 50 define a working chamber (hydraulic cham-
ber) 54. Each piston 52 includes a piston body 53 and a
roller 60. The low pressure valves 56 and the high pres-
sure valves 58 for supplying and discharging working oil
to and from the working chambers 54 are disposed so
as to be communicable to the working chambers 54.
[0067] As illustrated in FIG. 4, each working chamber
54 is connected to the high pressure oil pipe 24 via a high
pressure communication channel 76 disposed inside a
cylinder block 82, and to the low pressure oil pipe 26 via
a low pressure communication channel 62 disposed on
the outer circumference of the cylinder block 82.
[0068] As illustrated in FIG. 3, a pair of end plates 66,
68 is disposed on either end of the stator part 18 so as
to cover the opposite end surfaces of the cylinder block
82. The first end plate 66, which is far from the hub 6, is
supported on the outer circumferential surface of the rotor
part 16 via the first pump bearing 72. The second end
plate 68, which is close to the hub 6, is supported on the
outer circumference of the rotor part 16 via the second
pump bearing 74. Further, the first end plate 66 and the
second end plate 68 are fastened to each other by a die
bolt 64 that penetrates through the cylinder block 82.
[0069] The first end plate 66 includes an inner flow
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channel 70 through which high pressure oil produced in
the hydraulic chambers 54 flows toward the high pres-
sure oil pipe 24. The inner flow channel 70 communicates
with the working chambers 54 via the high pressure com-
munication channels 76.
[0070] When the blade 4 receives wind, a lift applied
to the blade 4 generates a component of a moment
(torque) about the X axis, which functions to rotate the
blade 4 (see FIG. 1). When the blade 4 rotates, the hub
6 to which the blade 4 is mounted also rotates. Due to
the rotation of the hub 6, the rotor part 16 of the hydraulic
pump 20 mounted to the hub 6 rotates (see FIG. 3). Due
to rotation of the rotor part 16, the ring cam 48 mounted
to the outer circumferential surface of the rotor part 16
rotates.
[0071] As a result of the rotation of the ring cam 48,
the plurality of projections and recesses (lobe) of the ring
cam 48 presses the rollers 60, so that the piston bodies
53 repeatedly reciprocate in the axial direction of the cyl-
inders 50.
[0072] The reciprocating motion of the piston bodies
53 cyclically changes the volume of the working cham-
bers 54 formed by the respective piston bodies 53 and
the respective cylinders 50. When the volume of each
working chamber 54 decreases, the working oil in the
working chamber 54 is compressed, and the compressed
working oil becomes high pressure oil, which is then dis-
charged to the high pressure oil pipe 24 (compression
stroke). When the volume of each working chamber 54
increases the working oil is suctioned into the working
chamber 54 (intake stroke).
[0073] Once the high pressure oil is discharged into
the high pressure oil pipe 24 disposed so as to pass
through the inside of the cylindrical member 8, the high
pressure oil is supplied to the hydraulic motor 22 via the
high pressure oil pipe 24. The hydraulic motor 22 is driven
by the hydraulic pressure of the high pressure oil so that
output shaft 23 of the hydraulic motor 22 rotates. Rotation
of the output shaft 23 of the hydraulic motor 22 transmits
to the rotation shaft of the generator 30, and the rotation
shaft of the generator 30 rotates. The generator 30 con-
verts kinetic energy of its rotation shaft into electric en-
ergy, thereby generating electric power.
[0074] After performing work for the hydraulic motor
22, the high pressure oil has its pressure decreased and
turns into low pressure oil. The low pressure oil is sup-
plied to the hydraulic pump 20 from the hydraulic motor
22 via the low pressure oil pipe 26 disposed so as to pass
through the inside of the cylindrical member 8. The low
pressure oil supplied to the hydraulic pump 20 has it pres-
sure increased again by the hydraulic pump 20 and turns
into high pressure oil to be supplied again to the hydraulic
motor 22.
[0075] Meanwhile, among the loads applied to the rotor
7, components other than the component of the moment
(torque) about the X axis do not contribute to power gen-
eration, and such components are transmitted to the hub
6, the main bearing 10, the cylindrical member 8, the

nacelle base plate 12, and the tower 3 in this order.
[0076] Next, the wind turbine power generating appa-
ratus 2 according to another embodiment will be de-
scribed. FIG. 5 is a cross-sectional view of a configuration
example of the hydraulic pump 20 and the hub 6 of the
wind turbine power generating apparatus 2 according to
one embodiment. For the part having the same configu-
ration as the wind turbine power generating apparatus 2
according the exemplary embodiment in FIG. 2, each
feature is indicated by the same reference sign and not
described in detail. The part having a different configu-
ration from that of the wind turbine power generating ap-
paratus 2 will be mainly described below.
[0077] An end of the stator part 18 is attached to the
cylindrical member 8, and the inner flow channel 70 is
disposed inside the stator part 18 (in the vicinity of the
other end of the stator part 18). On the inner circumfer-
ential surface of the stator part 18 corresponding to the
position of the inner flow channel 70, a port to which the
high pressure oil pipe 24 communicating with the inner
flow channel 70 is connected is disposed. On the other
hand, on the center portion of the inner circumferential
surface of the stator part 18, a port to which the low pres-
sure oil pipe 26 communicating with the low pressure
communication channel 62 is connected is disposed.
[0078] The first pump bearing 72 and the second pump
bearing 74 are disposed on the outer circumferential sur-
face of either end of the stator part 18. The rotor part 16
is supported to the stator part 18 via the first pump bearing
72 and the second pump bearing 74. A pair of seal mem-
bers 86 is disposed between the stator part 18 and the
rotor part 16.
[0079] Specifically, while the rotor part 16 is disposed
radially inside the stator part 18 (the stator body portion
18A) in the exemplary embodiment illustrated in FIG. 2,
the rotor part 16 is disposed radially outside the stator
part 18 in the exemplary embodiment illustrated in FIG. 5.
[0080] FIG. 6 is a cross-sectional view of the hydraulic
pump 20 and its peripheral area in an axial direction of
the hydraulic pump 20 of the wind turbine power gener-
ating apparatus 2 illustrated in FIG. 5. FIG. 7 is a cross-
sectional view of the hydraulic pump 20 and its peripheral
area in a radial direction of the hydraulic pump 20 of the
wind turbine power generating apparatus 2 illustrated in
FIG. 5.
[0081] As illustrated in the drawings, in the wind turbine
power generating apparatus 2 according to the present
embodiment, the rotor part 16 is fixed to an end of the
hub 6 that is adjacent to the hydraulic pump 20, so as to
extend from this end in a direction away from the hub 6
in the axial direction of the cylindrical member 8. The
stator part 18 is disposed radially inside the rotor part 16
and supported on the cylindrical member 8. The stator
part 18 and the rotor part 16 form an interior space of the
hydraulic pump 20 which accommodates the pressu-
rized-oil generation mechanism 42.
[0082] In one embodiment, the pressurized-oil gener-
ation mechanism 42 includes a ring cam 48, cylinders
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50, pistons 52, low pressure valves 56 and high pressure
valves 58. The ring cam 48 includes a number of projec-
tions and recesses (lobe) arranged in the circumferential
direction. The ring cam 48 is disposed on the inner cir-
cumferential surface of the rotor part 16 and configured
to rotate with the rotor part 16.
[0083] The plurality of cylinders 50 is disposed on the
stator part 18 side, and arranged in a radial fashion ra-
dially inside the ring cam 48. The pistons 52 are config-
ured to be driven by the projections and recesses of the
ring cam 48 to slide in the respective cylinders 50. Each
piston 52 includes a piston body 53 and a roller 60.
[0084] Each cylinder 50 and the corresponding piston
52 disposed inside the cylinder 50 define a working cham-
ber (hydraulic chamber) 54. The low pressure valves 56
and the high pressure valves 58 for supplying and dis-
charging working oil to and from the working chambers
54 are disposed so as to be communicable to the working
chambers 54 (see FIG. 7).
[0085] When the blade 4 receives wind, a lift applied
to the blade 4 generates a component of a moment
(torque) about the X axis, which functions to rotate the
blade 4. When the blade 4 rotates, the hub 6 to which
the blade 4 is mounted also rotates. Due to the rotation
of the hub 6, the rotor part 16 of the hydraulic pump 20
mounted to the hub 6 rotates (see FIG. 6). Due to rotation
of the rotor part 16, the ring cam 48 mounted to the inner
circumferential surface of the rotor part 16 rotates.
[0086] As a result of the rotation of the ring cam 48,
the plurality of projections and recesses (lobe) of the ring
cam 48 presses the rollers 60, so that the pistons bodies
53 repeatedly reciprocate in the axial direction of the cyl-
inders 50 (see FIG. 7).
[0087] The reciprocating motion of the piston bodies
53 cyclically changes the volume of the working cham-
bers 54 formed by the respective piston bodies 53 and
the respective cylinders 50. When the volume of each
working chamber 54 decreases, the working oil in the
working chamber 54 is compressed, and the compressed
working oil turns into high pressure oil, which is then dis-
charged to the high pressure oil pipe 24 (compression
stroke). When the volume of each working chamber 54
increases the working oil is suctioned into the working
chamber 54 (intake stroke).
[0088] Once the high pressure oil is discharged into
the high pressure oil pipe 24 disposed so as to pass
through the inside of the cylindrical member 8, the high
pressure oil is supplied to the hydraulic motor 22 via the
high pressure oil pipe 24. The hydraulic motor 22 is driven
by the hydraulic pressure of the high pressure oil so that
output shaft 23 of the hydraulic motor 22 rotates. Rotation
of the output shaft 23 of the hydraulic motor 22 transmits
to the rotation shaft of the generator 30, and the rotation
shaft of the generator 30 rotates. The generator 30 con-
verts kinetic energy of its rotation shaft into electric en-
ergy, thereby generating electric power.
[0089] After performing work for the hydraulic motor
22, the high pressure oil has its pressure decreased and

turns into low pressure oil. The low pressure oil is sup-
plied to the hydraulic pump 20 from the hydraulic motor
22 via the low pressure oil pipe 26 disposed so as to pass
through the inside of the cylindrical member 8. The low
pressure oil supplied to the hydraulic pump 20 has it pres-
sure increased again by the hydraulic pump 20 and turns
into high pressure oil to be supplied again to the hydraulic
motor 22.
[0090] Meanwhile, among the loads applied to the rotor
7, components other than the component of the moment
(torque) about the X axis do not contribute to power gen-
eration, and such components are transmitted to the hub
6, the main bearing 10, the cylindrical member 8, the
nacelle base plate 12, and the tower 3 in this order.
[0091] In some embodiments, a torque transmitting
part is disposed between the hub 6 and the rotor part 16.
The torque transmitting part transmits a moment about
the rotation shaft of the rotor part 16 of the loads applied
to the rotor part 16 from the hub 6 selectively to the rotor
part 16. In this way, it is possible to selectively transmit
only the torque from the hub 6 to the rotor part 16 of the
hydraulic pump 20 being a part of the drivetrain part 9.
Thus, the structure design of the hydraulic pump 20 is
facilitated, and the hydraulic pump 20 can be reduced in
weight. A hydraulic support 88, which will be described
below, or a gear coupling may be used as the torque
transmitting part, for instance.
[0092] FIG. 8 is a diagram for describing the operation
principle of a hydraulic support 88 in response to torque.
As illustrated in the drawing, the first arm 90A and the
second arm 90B are disposed on the rotor part 16 of the
hydraulic pump 20. Here, in a case where the wind turbine
power generating apparatus 2 is a two-blade wind tur-
bine, the first arm 90A and the second arm 90B may be
disposed at an angular position (azimuth angle) where
the pair of blades 4 facing each other is not disposed.
[0093] The hydraulic support 88 includes the first oil
chamber 91 and the second oil chamber 92 disposed on
the opposite sides of the first arm 90A in the vertical di-
rection, and the third oil chamber 93 and the fourth oil
chamber 94 disposed on the opposite sides of the second
arm 90B in the vertical direction. The hydraulic support
88 also includes the first pipe 96 connecting the first oil
chamber 91 and the fourth oil chamber 94, and the sec-
ond pipe 98 connecting the second oil chamber 92 and
the third oil chamber 93. The above oil chambers and
the pipes are filled with oil, which is a non-compressible
fluid. Each oil chamber 91 to 94 is configured such that
the volume of each oil chamber varies with the vertical
positions of the first and second arms 90A and 90B.
[0094] When a torque in the direction of the arrow "a"
in the drawing is applied to the rotor part 16 from the hub
6, a load in the direction of the arrow "b" is applied to the
second oil chamber 92 from the first arm 90A, and a load
in the direction of the arrow "c" is applied to the third oil
chamber 93 from the second arm 90B.
[0095] As a result, the oil inside both of the second oil
chamber 92 and the third oil chamber 93 communicating
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each other through the second pipe 98 is pressurized.
Then, the pressurized oil provides the first arm 90A with
a reaction force in a direction opposite to the direction of
the arrow "b", and the second arm 90B with a reaction
force in a direction opposite to the direction of the arrow
"c". Thus, among the loads applied to the rotor part 16
from the hub 6, the moment (torque) about the rotation
shaft of the rotor part 16 is transmitted to the rotor part
16 via the hydraulic support 88.
[0096] FIG. 9 is a diagram for describing the operation
principle of the hydraulic support 88 in response to a load
in an orthogonal direction. As illustrated in the drawing,
when a force that displaces the rotor part 16 in the or-
thogonal direction (in the direction of the arrow "d" in the
drawing) is applied to the rotor part 16, a load in the di-
rection of the arrow "e" is applied to the first oil chamber
91 from the first arm 90A, and a load in the direction of
the arrow "f" is applied to the third oil chamber 93 from
the second arm 90B.
[0097] In this way, the oil in the first oil chamber 91 is
forced out by an amount corresponding to the upward
displacement distance of the first arm 90A, and flows into
the fourth oil chamber 94 via the first pipe 96. Similarly,
the oil in the third oil chamber 93 is forced out by an
amount corresponding to the upward displacement dis-
tance of the second arm 90B, and flows into the second
oil chamber 92 via the second pipe 98.
[0098] As described above, when the force that dis-
places the rotor part 16 in the orthogonal direction (in the
direction of the arrow "d") is applied to the rotor part 16,
the oil moves between the oil chambers communicating
with one another via the respective pipes 96, 98. Thus,
among the loads applied to the rotor part 16 from the hub
6, the component of the load (herein, the force in the
direction "d") other than the moment (torque) about the
rotation shaft of the rotor part 16 is not transmitted to the
rotor part 16 basically by the function of the hydraulic
support 88. Here, the component of the load not trans-
mitted to the rotor part 16 of the hydraulic pump 20 is
transmitted to the cylindrical member 8 via the main bear-
ing 10.
[0099] As described above, providing the hydraulic
support 88 makes it possible to selectively transmit the
moment about the rotation shaft of the rotor part 16 from
among the loads applied to the rotor part 16 from the hub
6, to the rotor part 16.
[0100] Here, in addition to the hydraulic support 88, or
instead of the hydraulic support 88, a gear coupling may
be used.
[0101] As described above, in the above renewable
energy power generating apparatus, the hydraulic pump
20 and the hydraulic motor 22 constituting the drivetrain
part 9 are separated, and the hydraulic pump 20 is dis-
posed on the opposite side of the hub 6 from the nacelle
14. Thus, it is not necessary to secure a space for install-
ing the hydraulic pump 20 in the nacelle 14, which makes
it possible to reduce the size of the nacelle 14 and reduce
the weight of the nacelle 14. Here, the above layout of

the hydraulic pump 20 is enabled because the stator part
18 of the hydraulic pump 20 is supported to the nacelle
base plate 12 via the cylindrical member 8 penetrating
through the hub 6, and the oil pipes 24, 26 between the
hydraulic pump 20 and the hydraulic motor 22 are dis-
posed so as to pass through the inside of the cylindrical
member 8.
[0102] Further, in the above renewable energy power
generating apparatus, the load caused by the bending
moment of the blade 4 is transmitted to the hub 6, the
main bearing 10, the cylindrical member 8, and to the
nacelle base plate 12 in this order. That is, the load carry
part 11 (see FIG. 1) in the renewable energy power gen-
erating apparatus includes the hub 6, the main bearing
10, the cylindrical member 8 and the nacelle base plate
12.
[0103] On the other hand, the rotation energy of the
hub 6 is transmitted to the hub 6, the hydraulic pump 20,
the oil pipes 24, 26, and the hydraulic motor 22 in this
order toward the generator 30. That is, the drivetrain part
9 in the above renewable energy power generating ap-
paratus includes the hub 6, the hydraulic pump 20, the
oil pipes 24, 26, and the hydraulic motor 22.
[0104] As described above, since the two parts, which
are the drivetrain part 9 and the load carry part 11 having
different functions from each other, are separated, it is
possible to optimize and reduce the weight of each part,
which makes it possible to further reduce the weight of
the nacelle. Here, the parts can be separated because
rotation energy of the hub 6 is converted into hydraulic
energy in the hydraulic pump 20, which is a part of the
drivetrain part 9, and the hydraulic energy is supplied to
the hydraulic motor 22 via the oil pipes 24, 26 passing
through the cylindrical member 8, which is a part of the
load carry part 11.
[0105] Further, in the above renewable energy power
generating apparatus in which the hydraulic pump 20 is
disposed on the opposite side of the hub 6 from the na-
celle 14, there is no intervening object that is difficult to
remove, such as the nacelle base plate 12, below the
hydraulic pump 20. Thus, transportation work using a
crane is facilitated. As a result, maintainability of the hy-
draulic pump 20 is improved.
[0106] Embodiments of the present invention were de-
scribed in detail above, but the present invention is not
limited thereto, and various amendments and modifica-
tions may be implemented within a scope that does not
depart from the present invention.
[0107] For instance, while the hydraulic pump 20 con-
stituting a part of the drivetrain part 9 is disposed on the
opposite side of the hub 6 from the nacelle 14 in the
exemplary embodiment illustrated in FIGs. 2 and 5, the
hydraulic pump 20 is disposed on the same side of the
hub 6 as the nacelle 14 in another embodiment.
[0108] FIG. 10 is a cross-sectional view of the hub 6
and the hydraulic pump 20 according to one embodiment.
FIG. 11 is a cross-sectional view taken along the line A-
A from FIG. 10. FIG. 12 is a cross-sectional view of the
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hub 6 and the hydraulic pump 20 according to another
embodiment.
[0109] As illustrated in FIGs. 10 and 12, in some em-
bodiments, a fixed shaft 100 is disposed extending
through the hub 6 and in a direction orthogonal to the
rotational plane of the rotor 7 (see FIG. 1) including the
hub 6 and the blade 4 mounted to the hub 6. The fixed
shaft 100 is supported by the nacelle base plate 12 of
the nacelle 14. In one embodiment, the fixed shaft 100
includes a curved portion 102 extending to an end 104
of the fixed shaft 100 that is at the opposite side from the
hub 6. The end 104 of the fixed shaft 100 is erected on
the nacelle base plate 12. The fixed shaft 100 may be
either hollow or solid. A pair of main bearings 110A, 100B
for rotatably supporting the hub 6 on the fixed shaft 100
is disposed between the fixed shaft 100 and the hub 6.
[0110] The hub 6 includes the first through hole 34 and
the second through hole 36, through both of which the
fixed shaft 100 is inserted. The first through hole 34 is
disposed farther from the nacelle 14 than the second
through hole 36 is. The main bearing 110A is disposed
between the inner circumferential surface of the first
through hole 34 and the outer circumferential surface of
the fixed shaft 100 facing the inner circumferential sur-
face. Similarly, the main bearing 110B is disposed be-
tween the inner circumferential surface of the second
through hole 36 and the outer circumferential surface of
the fixed shaft 100 facing the inner circumferential sur-
face.
[0111] The rotor part 16 of the hydraulic pump 20 is
fixed to the hub 6. Further, the stator part 18 of the hy-
draulic pump 20 is disposed radially inside or outside of
the rotor part 16.
[0112] In the exemplary embodiment in FIG. 10, the
stator part 18 fixed to the fixed shaft 100 and including
the cylinder block 82 is disposed radially inside the rotor
part 16 fixed to the hub 6 and including a cam (ring cam
48). In contrast, in the exemplary embodiment illustrated
in FIG. 12, the stator part 18 fixed to the fixed shaft 100
or the nacelle base plate 12 and including the cylinder
block 82 is disposed radially outside the rotor part 16
fixed to the hub 6 and including the cam (ring cam 48).
Here, in the example illustrated in FIG. 12, the stator part
18 is fixed to the nacelle base plate 12 via the first support
member 106, and to the fixed shaft 100 via the second
support member 108.
[0113] As illustrated in FIGs. 10 and 11, in some em-
bodiments, the cylinder block 82 is disposed on the outer
circumference of the fixed shaft 100, so that the piston
bodies 53 of the pistons 52 slide inside the plurality of
cylinders 50 disposed in the cylinder block 82. The pis-
tons 52 are pressed by the ring cam 48 via the rollers 60
mounted to the piston bodies 53, so as to reciprocate in
the axial direction of the cylinders 50 while being guided
by the cylinders 50. A plurality of lobes (recesses and
projections) is disposed on the inner circumferential sur-
face of the ring cam 48, and the rollers 60 contact the
inner circumferential surface of the ring cam 48. Pump

bearings 72, 74 are disposed between the stator part 18
including the cylinder block 82 and the rotor part 16 in-
cluding the ring cam 48, so as to allow a relative rotational
motion of the rotor part 16 with respect to the stator part
18. Here, the main bearing 110B disposed on the second
through hole 36 and the pump bearing disposed 72 close
to the main bearing 110B may be communalized to be a
single bearing. In the embodiment illustrated in FIGs. 10
and 11, the fixed shaft 100 to which the cylinder block 82
is fixed is supported to the nacelle base plate 12, which
simplifies the support structure of the hydraulic pump 20.
[0114] In another embodiment, as illustrated in FIG.
12, the cylinder block 82 is disposed radially outside the
rotor part 16 including the ring cam 48, so that the piston
bodies 53 of the pistons 52 slide inside the plurality of
cylinders disposed in the cylinder block 82. The pistons
52 are pressed by the ring cam 48 via the rollers 60
mounted to the piston bodies 53, so as to reciprocate
while being guided by the cylinders 50. A plurality of lobes
(recesses and projections) is disposed on the outer cir-
cumferential surface of the ring cam 48, so that the rollers
60 contact the outer circumferential surface of the ring
cam 48. The pump bearings 72, 74 are disposed between
the stator part 18 including the cylinder block 82 and the
rotor part 16 including the ring cam 48, so as to allow a
relative reciprocating motion of the rotor part 16 with re-
spect to the stator part 18.
[0115] In the embodiments illustrated in FIGs. 10 and
12, the first bearing 110A and the second bearing 110B
are respectively disposed at the positions of the first
through hole 34 and the second through hole 36 of the
hub. Thus, the first bearing 110A and the second bearing
110B are disposed on either side of the load bearing point
200 to which the load against the rotor 7 is applied, such
as the wind load and the gravity load caused by the weight
of the rotor 7. As a result, the bearing load is reduced,
which makes it possible to reduce the size and weight of
the main bearings 110A, 110B. There is a limit on the
size of the main bearings 110A, 110B that can be pro-
duced, due to the limitations related to the production
facilities and technologies. Thus, reducing the size of the
main bearings 110A, 110B is advantageous in enabling
achievement of a renewable energy power generating
apparatus that has even larger power generation capac-
ity.
[0116] Further, the load caused by the bending mo-
ment of the blade 4 is transmitted to the hub 6, the main
bearing 110 (110A, 110B), the fixed shaft 100, and the
nacelle base plate 12 in this order. That is, in FIGs. 10
and 12, the load carry part includes the hub 6, the main
bearing 110 (110A, 110B), the fixed shaft 100 and the
nacelle base plate 12. On the other hand, rotation energy
of the hub 6 is transmitted to the hub 6 and to the hydraulic
pump 20 in this order. That is, in FIGs. 10 and 12, the
drivetrain part includes the hub 6 and the hydraulic pump
20. As described above, since the drivetrain part and the
load carry part, which are two parts having different func-
tions, are separated, it is possible to optimize and reduce
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the weight of each part, and to reduce the weight of the
nacelle even further.
[0117] In the exemplary embodiment illustrated in
FIGs. 10 to 12, the hydraulic pump 20 is provided, includ-
ing the rotor part 16 fixed to the hub 6 and the stator part
18 disposed radially outside or inside the rotor part 18.
In another embodiment, instead of the hydraulic pump
20, an optional driven part driven by the hub 6 is provided.
The driven part may be a generator driven by the hub 6.

Reference Signs List

[0118]

2 Wind turbine power generating apparatus
3 Tower
4 Blade
5 Hub cover
6 Hub
7 Rotor
8 Cylindrical member
9 Drivetrain part
10 Main bearing
11 Load carry part
12 Nacelle base plate
14 Nacelle
16 Rotor part
18 Stator part
18A Stator body portion
18B Stator support portion
20 Hydraulic pump
22 Hydraulic motor
24 High pressure oil pipe
26 Low pressure oil pipe
30 Generator
32 Auxiliary bearing
32A Slide surface
34 First through hole
36 Second through hole
38 Recess portion
40 Tapered roller bearing
42 Pressurized-oil generation mechanism
48 Ring cam
50 Cylinder
52 Piston
53 Piston body
54 Working chamber (Hydraulic chamber)
56 Low pressure valve
58 High pressure valve
60 Roller
62 Low pressure communication channel
64 Die bolt
66 First end plate
66A Outer circumferential part
66B Inner circumferential part
68 Second end plate
70 Inner flow channel
72 First pump bearing

74 Second pump bearing
76 High pressure communication channel
78 Yaw rotation bearing
82 Cylinder block
86 Seal member
88 Hydraulic support
90A First arm
90B Second arm
91 First oil chamber
92 Second oil chamber
93 Third oil chamber
94 Fourth oil chamber
96 First pipe
98 Second pipe
10 Fixed shaft
102 Curved portion
104 End
110A First main bearing
110B Second main bearing
200 Load bearing point
G Gravity center

Claims

1. A renewable energy power generating apparatus
(2), characterized in that it comprises:

at least one blade (4);
a hub (6) to which the at least one blade (4) is
mounted;
a cylindrical member (8) extending through the
hub (6) and in a direction orthogonal to a rota-
tional plane of a rotor (7) including the at least
one blade (4) and the hub (6);
at least one main bearing (10) disposed between
the hub (6) and the cylindrical member (8), the
at least one main bearing rotatably supporting
the hub on the cylindrical member;
a nacelle (14) including a nacelle base plate (12)
supporting the cylindrical member (8);
a hydraulic pump (20) including a rotor part (16)
fixed to the hub (6) and a stator part (18) fixed
to the cylindrical member (8), the rotor part and
the stator part being disposed on an opposite
side of the hub (6) from the nacelle (14);
a hydraulic motor (22) configured to be driven
by pressurized oil from the hydraulic pump (20);
an oil pipe (24) disposed between the hydraulic
pump (20) and the hydraulic motor (22) so as to
be inserted through the cylindrical member (8);
and
a generator (30) configured to be driven by the
hydraulic motor (22).

2. The renewable energy power generating apparatus
according to claim 1, further comprising
at least one auxiliary bearing (32) disposed between
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the hub (6) and the cylindrical member (8), and con-
figured to assist the at least one main bearing (10)
and support the hub (6) on the cylindrical member
(8) only when a large load is applied to the hub (6),
the large load being greater than a load at which the
hub (6) is supportable by the at least one main bear-
ing (10) alone.

3. The renewable energy power generating apparatus
according to claim 2,
wherein the at least one auxiliary bearing (32) is con-
figured not to be in contact with one of the hub (6)
or the cylindrical member (8) when a load applied to
the hub (6) is not greater than the large load, and to
be in contact with the one of the hub (6) or the cylin-
drical member (8) only when the large load is applied
to the hub (6).

4. The renewable energy power generating apparatus
according to claim 2 or 3,
wherein a slide surface (32A) of the at least one aux-
iliary bearing (32) includes a low-friction material or
a wear-resistant material.

5. The renewable energy power generating apparatus
according to any one of claims 2 to 4,
wherein the hub (6) includes a first through hole (34)
adjacent to the hydraulic pump (20) and a second
through hole (36) adjacent to the nacelle (14), the
cylindrical member (18) being inserted through the
first through hole and the second through hole,
wherein the at least one main bearing (10) is dis-
posed between an inner circumferential surface of
the first through hole (34) and an outer circumferen-
tial surface of the cylindrical member (8) which faces
the inner circumferential surface of the first through
hole (34), and
wherein the at least one auxiliary bearing (32) is dis-
posed between an inner circumferential surface of
the second through hole (36) and an outer circum-
ferential surface of the cylindrical member (8) which
faces the inner circumferential surface of the second
through hole (36).

6. The renewable energy power generating apparatus
according to claim 5,
wherein an end of the hub (6) which is adjacent to
the hydraulic pump (20) includes a recess portion
(38) recessed toward the nacelle (14), and the first
through hole (34) is disposed on the recess portion.

7. The renewable energy power generating apparatus
according to claim 6,
wherein the recess portion (38) is configured such
that the at least one main bearing (10) is disposed
on an axial position corresponding to a position of a
gravity center (G) of the rotor.

8. The renewable energy power generating apparatus
according to any one of claims 1 to 7,
wherein the at least one main bearing (10) is a single
double-row tapered roller bearing (40) including ta-
pered rollers (60) as rolling bodies each of which has
a center axis forming an angle of not less than 40
degrees and not more than 50 degrees from an axial
direction of the at least one main bearing (10).

9. The renewable energy power generating apparatus
according to any one of claims 1 to 8,
wherein the cylindrical member (8) includes a cast
integrally formed with the nacelle base plate (12).

10. The renewable energy power generating apparatus
according to any one of claims 1 to 9,
wherein the rotor part (16) has a cylindrical shape
and includes a hollow part radially inside the rotor
part, the rotor part being fixed to an end of the hub
(6) which is adjacent to the hydraulic pump (20) so
as to extend from the end in a direction away from
the hub (6) in an axial direction of the cylindrical
member (8), and
wherein the stator part (18) includes a stator body
portion (18A) disposed around the rotor part (16) and
forming a pump interior space which accommodates
a pressurized-oil generation mechanism (42) with
the rotor part (16), and a stator support portion (18B)
which passes through the hollow part radially inside
the rotor part and supports the stator body portion
(18A) on an end of the cylindrical member (8) which
is opposite from the nacelle (14).

11. The renewable energy power generating apparatus
according to claim 10,
wherein the pressurized-oil generation mechanism
(42) includes:

at least one ring cam (48) disposed on an outer
circumferential surface of the rotor part (16) and
configured to rotate with the rotor part (16), the
at least one ring cam (48) including a plurality
of projections and recesses arranged in a cir-
cumferential direction;
a plurality of cylinders (50) disposed on a stator
part side and arranged in a radial fashion around
the at least one ring cam (48);
a plurality of pistons (52) configured to be driven
by the projections and recesses of the at least
one ring cam (48) to slide in the respective cyl-
inders (50); and
low pressure valves (56) and high pressure
valves (58) for supplying and discharging work-
ing oil to and from hydraulic chambers (54) each
of which is defined by corresponding one of the
cylinders (50) and corresponding one of the pis-
tons (52) disposed in the cylinder (50).
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12. The renewable energy power generating apparatus
according to any one of claims 1 to 9,
wherein the rotor part (16) is fixed to an end of the
hub (6) which is adjacent to the hydraulic pump (20),
the rotor part extending from the end in a direction
away from the hub (6) in an axial direction of the
cylindrical member, and
wherein the stator part (18) is disposed radially inside
the rotor part (16) so as to form a pump interior space
accommodating a pressurized-oil generation mech-
anism (42) with the rotor part, the stator part being
supported on an end of the cylindrical member (18)
which is opposite from the nacelle (14).

13. The renewable energy power generating apparatus
according to claim 12,
wherein the pressurized-oil generation mechanism
(42) includes:

at least one ring cam (48) disposed on an inner
circumferential surface of the rotor part (16) and
configured to rotate with the rotor part, the at
least one ring cam (48) including a plurality of
projections and recesses arranged in a circum-
ferential direction;
a plurality of cylinders (50) disposed on a stator
part side and arranged in a radial fashion radially
inside the at least one ring cam (48);
a plurality of pistons (52) configured to be driven
by the projections and recesses of the at least
one ring cam (48) to slide in the respective cyl-
inders (52); and
low pressure valves (56) and high pressure
valves (58) for supplying and discharging work-
ing oil to and from hydraulic chambers (54) each
of which is defined by corresponding one of the
cylinders (50) and corresponding one of the pis-
tons (52) disposed in the cylinder (50).

14. The renewable energy power generating apparatus
according to any one of claims 1 to 13, further com-
prising:

a torque transmitting part (88) disposed be-
tween the hub (6) and the rotor part (16) and
configured to selectively transmit a moment
about a rotational shaft of the rotor part (16) to
the rotor part, from among loads applied to the
rotor part from the hub (6).

15. A renewable energy power generating apparatus
(2), characterized in that it comprises:

at least one blade (4);
a hub (6) to which the at least one blade (4) is
mounted;
a fixed shaft (10) extending through the hub and
in a direction orthogonal to a rotational plane of

a rotor (7) including the at least one blade (4)
and the hub (6);
a pair of main bearings (110A, 110B) disposed
between the hub (6) and the fixed shaft (10), the
pair of main bearings (110A, 110B) rotatably
supporting the hub (6) on the fixed shaft (10);
a nacelle (14) including a nacelle base plate (12)
supporting the fixed shaft (10); and
a driven part including a rotor part (16) fixed to
the hub (6) and a stator part (18) disposed radi-
ally inside or outside the rotor part (16),
wherein the hub (6) includes a first through hole
(34) and a second through hole (36) through
which the fixed shaft (10) is inserted, the first
through hole disposed farther from the nacelle
(14) than the second through hole is, and
wherein the pair of main bearings includes:

a first main bearing (110A) disposed be-
tween an inner circumferential surface of
the first through hole (34) and an outer cir-
cumferential surface of the fixed shaft (10)
facing the inner circumferential surface of
the first through hole; and
a second main bearing (110B) disposed be-
tween an inner circumferential surface of
the second through hole (36) and an outer
circumferential surface of the fixed shaft
(10) facing the inner circumferential surface
of the second through hole.

16. The renewable energy power generating apparatus
according to any one of claims 1 to 15,
wherein the renewable energy power generating ap-
paratus (2) is a wind turbine power generating ap-
paratus configured to generate electric power in the
generator (30) by utilizing wind energy received by
the at least one blade (4) from wind serving as a
renewable energy source.
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