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(54) POWER GENERATION DEVICE AND ROTARY PART SUPPORT STRUCTURE

(57) A power generation device includes a main shaft
rotated by an external force, a speed-up gear, a
high-speed shaft, a rolling bearing, a power generator,
and a one-way clutch disposed between the output gear
and the high-speed shaft. In a state where the main shaft
is rotating in a positive direction, the one-way clutch in-
tegrally rotatably connects the output gear and the

high-speed shaft to each other if a rotational speed of
the output gear exceeds a rotational speed of the
high-speed shaft, and breaks connection between the
output gear and the high-speed shaft if the rotational
speed of the output gear becomes lower than the rota-
tional speed of the high-speed shaft.
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Description

Technical Field

[0001] One aspect of the present invention relates to
a power generation device in which a power generator
is driven by increasing, by a speed-up gear, the speed
of rotation of a main shaft caused by an external force,
and a rotating portion support structure used in the power
generation device.

Background Art

[0002] Some of wind power generation devices for
generating electric power by rotating a main shaft with
wind received by a blade are equipped with a speed-up
gear. The speed-up gear increases the speed of the ro-
tation of the main shaft to drive a power generator.
[0003] As illustrated in Fig. 9, a speed-up gear 202
includes a planetary gear mechanism 203 that receives
the rotation of a main shaft 200 to increase its speed;
and a high-speed stage gear mechanism 204 that re-
ceives the rotation increased in speed by the planetary
gear mechanism 203 to further increase its speed. Be-
sides, a high-speed shaft 205 for outputting the rotation
increased in speed by the high-speed stage gear mech-
anism 204 is provided, and this high-speed shaft 205 is
connected to a drive shaft (not shown) of a power gen-
erator, and a rotor of the power generator is attached to
this drive shaft.
[0004] In the planetary gear mechanism 203, when an
input shaft 203a integrally rotatably connected to the
main shaft 200, to which a blade not shown is attached,
is rotated, a planetary carrier 203b is rotated to rotate a
sun gear 203d at an increasing speed via a planetary
gear 203c. Then, this rotation is transmitted to a low-
speed shaft 204a of the high-speed stage gear mecha-
nism 204.
[0005] In the high-speed stage gear mechanism 204,
when the low-speed shaft 204a is rotated, an intermedi-
ate shaft 204d is rotated at an increasing speed via a
low-speed gear 204b and a first intermediate gear 204c,
and the high-speed shaft 205 is rotated at an increasing
speed further via a second intermediate gear 204e and
an output gear 204f.
[0006] Besides, as bearings for rotatably supporting
the low-speed shaft 204a, the intermediate shaft 204d
and the high-speed shaft 205 in the speed-up gear 202,
rolling bearings (roller bearings) 206 to 211 are frequently
used (see, for example, Patent Document 1).

Related Art Documents

Patent Documents

[0007] Patent Document 1: JP-A-2007-232186

Summary of the Invention

Problem to be Solved by the Invention

[0008] In the wind power generation device illustrated
in Fig. 9, in the rolling bearings (roller bearings) 210 and
211 supporting the high-speed shaft 205 rotating at a
high speed, smearing (a phenomenon in which a seizure
is caused in a surface layer) occurs on a rolling contact
surface of a rolling element (a roller) or a raceway surface
of a turning wheel, which causes a problem in which the
lifetime of the rolling bearings 210 and 211 is reduced.
[0009] Incidentally, it is presumed that such smearing
similarly occurs in a rolling bearing (roller bearing) pro-
vided not only in a wind power generation device but also
in another type of power generation device in which the
rotation of a main shaft is increased in speed by a speed-
up gear to drive a power generator.
[0010] Therefore, an object of one aspect of the
present invention is to provide a power generation device
in which the occurrence of smearing in a rolling bearing
supporting a high-speed shaft rotating at a speed in-
creased by a speed-up gear can be suppressed, and a
rotating portion support structure used in the power gen-
eration device.

Means for Solving the Problem

[0011] The present inventors have made earnest stud-
ies on the occurrence mechanism of smearing. As a re-
sult, the following has been found: When the rotational
speed of a main shaft is abruptly lowered due to the low-
ering of an external force (a wind force), what is called a
torque loss (a load loss) is caused on a high-speed shaft
because the rotational speed of a drive shaft of a power
generator rotating integrally with a rotor is to exceed the
rotational speed of the high-speed shaft rotating at a
speed increased by a speed-up gear owing to the inertia
of the rotor of the power generator having a large weight.
Because of this torque loss, in a rolling bearing supporting
the high-speed shaft, the sliding frictional resistance and
the like between a rolling element and a cage holding the
rolling element become larger than the rolling frictional
resistance between the rolling element and a turning
wheel, and as a result, the rotation of the rolling element
is delayed. When the rotational speed of the main shaft
is abruptly increased from this state due to the increase
of the external force (the wind force), an inertia torque of
the rotor is applied to the high-speed shaft to abruptly
increase a radial load applied to the rolling bearing sup-
porting the high-speed shaft. Therefore, at that moment
(in a transient state), a slip is caused between the rolling
element and the turning wheel with the high load applied
to the rolling element, which increases the temperature
of a contact surface between the rolling element and the
turning wheel, and this is the cause of the smearing. On
the basis of this finding, the present invention was ac-
complished.
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[0012] (1) Specifically, a first aspect of the present in-
vention includes a power generation device including: a
main shaft rotated by an external force; a speed-up gear
including a rotation transmission mechanism that in-
creases a speed of rotation of the main shaft, and an
output gear that outputs the rotation increased in speed
by the rotation transmission mechanism; a high-speed
shaft that is rotatable by receiving a rotational force of
the output gear; a rolling bearing that rotatably supports
the high-speed shaft; a power generator which includes
a drive shaft that rotates by receiving rotation of the high-
speed shaft and a rotor that rotates integrally with the
drive shaft, and which generates electric power in ac-
cordance with rotation of the rotor; and a one-way clutch
that is disposed between the output gear and the high-
speed shaft, and in a state where the main shaft is rotating
in a positive direction, integrally rotatably connects the
output gear and the high-speed shaft to each other if a
rotational speed of the output gear exceeds a rotational
speed of the high-speed shaft, and breaks connection
between the output gear and the high-speed shaft if the
rotational speed of the output gear becomes lower than
the rotational speed of the high-speed shaft.
[0013] According to the first aspect of the present in-
vention, when the rotational speed of the output gear
exceeds the rotational speed of the high-speed shaft, the
output gear and the high-speed shaft are integrally rotat-
ably connected to each other by the one-way clutch pro-
vided between the output gear of the speed-up gear and
the high-speed shaft, and thus, power is transmitted from
the output gear to the high-speed shaft and the drive
shaft. As a result, the drive shaft and the rotor are rotated
to generate electric power.
[0014] On the contrary, when the rotational speed of
the output gear becomes lower than the rotational speed
of the high-speed shaft, the connection (power transmis-
sion) between the output gear and the high-speed shaft
is broken. Accordingly, even if the rotational speed of the
main shaft is abruptly lowered due to the lowering of the
external force and hence the rotational speed of the out-
put gear is abruptly lowered, the high-speed shaft is in-
ertially rotated together with the rotor and the drive shaft
of the power generator, and thus, an abrupt torque loss
is prevented, and the rotation delay of a rolling element
of the rolling bearing supporting the high-speed shaft can
be suppressed. Therefore, even when the rotational
speed of the main shaft is abruptly increased from this
state due to a change of the external force and the output
gear and the high-speed shaft are connected to each
other to rotate the high-speed shaft by the rotational force
received from the output gear, the rolling element is dif-
ficult to slip on a contact surface with a turning wheel in
the rolling bearing supporting the high-speed shaft, and
thus, occurrence of smearing in the rolling bearing can
be suppressed.
[0015] (2) Preferably, in the power generation device
according to (1) described above, the output gear is a
ring-shaped gear which is provided coaxially with the

high-speed shaft on an outer circumferential side of the
high-speed shaft such that the one-way clutch is sand-
wiched by the ring gear and the high-speed shaft, and
the one-way clutch includes a first clutch section provided
on an inner circumferential side of the output gear and
rotating integrally with the output gear, a second clutch
section rotating integrally with the high-speed shaft, and
an engaging element disposed between the pair of clutch
sections.
[0016] In this case, the one-way clutch can be provided
inside along a radial direction of the output gear.
[0017] (3) Furthermore, a second aspect of the present
invention includes a power generation device including:
a main shaft rotated by an external force; a speed-up
gear including a rotation transmission mechanism that
increases a speed of rotation of the main shaft, and an
output gear that outputs the rotation increased in speed
by the rotation transmission mechanism; a high-speed
shaft that is rotatable by receiving a rotational force of
the output gear; a rolling bearing that rotatably supports
the high-speed shaft; and a power generator which in-
cludes a drive shaft that rotates by receiving rotation of
the high-speed shaft and a rotor that rotates integrally
with the drive shaft, and which generates electric power
in accordance with rotation of the rotor, wherein the high-
speed shaft includes a first shaft section that rotates in-
tegrally with the output gear, a second shaft section sup-
ported by the rolling bearing, and a connecting section
provided between the first shaft section and the second
shaft section, and wherein the connecting section is a
one-way clutch, and in a state where the main shaft is
rotating in a positive direction, the one-way clutch inte-
grally rotatably connects the first shaft section and the
second shaft section to each other if a rotational speed
of the first shaft section exceeds a rotational speed of
the second shaft section, and breaks connection be-
tween the first shaft section and the second shaft section
if the rotational speed of the first shaft section becomes
lower than the rotational speed of the second shaft sec-
tion.
[0018] According to the second aspect of the present
invention, in the high-speed shaft, when the rotational
speed of the first shaft section rotating integrally with the
output gear of the speed-up gear becomes lower than
the rotational speed of the second shaft section, the con-
nection (power transmission) between the first shaft sec-
tion and the second shaft section is broken by the one-
way clutch. Accordingly, even if the rotational speed of
the main shaft is abruptly lowered due to the lowering of
the external force and hence the rotational speed of the
output gear and the first shaft section is abruptly lowered,
the second shaft section is inertially rotated, and thus,
an abrupt torque loss is prevented, and the rotation delay
of a rolling element of the rolling bearing supporting the
high-speed shaft (the second shaft section) can be sup-
pressed. Therefore, even when the rotational speed of
the main shaft is abruptly increased from this state due
to a change of the external force and the first shaft section
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and the second shaft section are connected to each other
to rotate the second shaft section by the rotational force
received from the first shaft section, the rolling element
is difficult to slip on a contact surface with a turning wheel
in the rolling bearing supporting the second shaft section,
and thus, the occurrence of smearing in the rolling bear-
ing can be suppressed.
[0019] (4) Preferably, in the power generation device
according to (3) described above, one of the first shaft
section and the second shaft section includes a cylindri-
cal portion located at a shaft end thereof, and the other
of the first shaft section and the second shaft section
includes a center shaft portion located at a shaft end
thereof and disposed on a radially inner circumferential
side of the cylindrical portion, and the one-way clutch
includes a first clutch section that is provided inside the
cylindrical portion and that rotates integrally with the cy-
lindrical portion, a second clutch section that rotates in-
tegrally with the center shaft portion, and an engaging
element provided between the pair of clutch sections.
[0020] In this case, the one-way clutch can be provided
as a part of the high-speed shaft.
[0021] (5) Preferably, in the power generation device
according to (2) or (4) described above, the one-way
clutch further includes a clutch rolling bearing section that
relatively rotatably supports the first clutch section and
the second clutch section.
[0022] In this case, the first clutch section and the sec-
ond clutch section are aligned along the radial direction
by the clutch rolling bearing section.
[0023] (6) Preferably, in the power generation device
according to (5) described above, the clutch rolling bear-
ing section includes an outer ring portion, an inner ring
portion and a cylindrical roller that is disposed between
the outer ring portion and the inner ring portion and that
rolls on an inner circumferential surface of the outer ring
portion and an outer circumferential surface of the inner
ring portion, and the first clutch section and the second
clutch section are relatively movable along an axial di-
rection.
[0024] In this case, since the first clutch section and
the second clutch section are relatively movable along
the axial direction, even if the high-speed shaft ex-
pands/contracts due to a temperature change, the ex-
pansion/contraction can be cancelled, and hence, the
occurrence of a large thermal stress in the high-speed
shaft and the like can be prevented.
[0025] (7) Preferably, in the power generation device
according to (4) described above, relative movement of
the first clutch section and the second clutch section
along an axial direction is allowed, and a maximum al-
lowable amount of the relative movement is set to be
larger than amounts of movement along the axial direc-
tion of the first shaft section and the second shaft section.
[0026] In this case, since the first clutch section and
the second clutch section are relatively movable along
the axial direction, even if the high-speed shaft ex-
pands/contracts due to a temperature change, the ex-

pansion/contraction can be cancelled, and hence, the
occurrence of a large thermal stress in the high-speed
shaft can be prevented.
[0027] (8) Besides, a third aspect of the present inven-
tion includes a rotating portion support structure for a
power generation device, the power generation device
including: a speed-up gear including a rotation transmis-
sion mechanism that increases a speed of rotation of a
main shaft rotated by an external force, and an output
gear that outputs the rotation increased in speed by the
rotation transmission mechanism; and a power generator
which includes a drive shaft that rotates by receiving an
output from the speed-up gear and a rotor that rotates
integrally with the drive shaft, and which generates elec-
tric power in accordance with rotation of the rotor, the
rotating portion support structure including: a high-speed
shaft that is rotatable by receiving a rotational force of
the output gear and that transmits the rotational force to
the drive shaft; a rolling bearing that rotatably supports
the high-speed shaft; and a one-way clutch that is pro-
vided between the output gear and the high-speed shaft,
and in a state where the main shaft is rotating in a positive
direction, integrally rotatably connects the output gear
and the high-speed shaft to each other if a rotational
speed of the output gear exceeds a rotational speed of
the high-speed shaft, and breaks connection between
the output gear and the high-speed shaft if the rotational
speed of the output gear becomes lower than the rota-
tional speed of the high-speed shaft.
[0028] According to the third aspect of the present in-
vention, the same effects as those of the power genera-
tion device of (1) described above can be attained.
[0029] (9) Furthermore, a fourth aspect of the present
invention includes a rotating portion support structure for
a power generation device, the power generation device
including: a speed-up gear including a rotation transmis-
sion mechanism that increases a speed of rotation of a
main shaft rotated by an external force, and an output
gear that outputs the rotation increased in speed by the
rotation transmission mechanism; and a power generator
which includes a drive shaft that rotates by receiving an
output from the speed-up gear and a rotor that rotates
integrally with the drive shaft, and which generates elec-
tric power in accordance with rotation of the rotor, the
rotating portion support structure including: a high-speed
shaft that is rotatable by receiving a rotational force of
the output gear and that transmits the rotational force to
the drive shaft; and a rolling bearing that rotatably sup-
ports the high-speed shaft, wherein the high-speed shaft
includes a first shaft section that rotates integrally with
the output gear, a second shaft section supported by the
rolling bearing, and a connecting section provided be-
tween the first shaft section and the second shaft section,
and wherein the connecting section is a one-way clutch,
and in a state where the main shaft is rotating in a positive
direction, the one-way clutch integrally rotatably con-
nects the first shaft section and the second shaft section
to each other if a rotational speed of the first shaft section
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exceeds a rotational speed of the second shaft section,
and breaks connection between the first shaft section
and the second shaft section if the rotational speed of
the first shaft section becomes lower than the rotational
speed of the second shaft section.
[0030] According to the fourth aspect of the present
invention, the same effects as those of the power gen-
eration device of (3) described above can be attained.

Advantages of the Invention

[0031] According to a power generation device and a
rotating portion support structure according to an aspect
of the present invention, the occurrence of smearing in
a rolling bearing supporting a high-speed shaft rotating
at a speed increased by a speed-up gear can be sup-
pressed.

Brief Description of the Drawings

[0032]

Fig. 1 is a schematic side view illustrating a power
generation device according to an embodiment of
the present invention.
Fig. 2 is a schematic side view illustrating a speed-
up gear, a rotating portion support structure and a
power generator.
Fig. 3 is a cross-sectional view of a rolling bearing
rotatably supporting a high-speed shaft.
Fig. 4 is a cross-sectional view illustrating the rotating
portion support structure (of a first example).
Fig. 5 is a side cross-sectional view of a one-way
clutch.
Fig. 6 is a cross-sectional view illustrating the rotating
portion support structure (of a second example).
Fig. 7 is a cross-sectional view illustrating the rotating
portion support structure (of a third example).
Fig. 8 is an explanatory diagram illustrating a modi-
fication of the one-way clutch.
Fig. 9 is a cross-sectional view illustrating a related
art speed-up gear.

Mode for Currying Out the invention

[0033] An embodiment of the present invention will
now be described.
[0034] Fig. 1 is a schematic side view of a power gen-
eration device according to one embodiment of the
present invention. The power generation device of the
present embodiment is a wind power generation device
including a main shaft 2 rotated by a wind force (an ex-
ternal force). The wind power generation device 1 in-
cludes a blade (a wind receiving member) 11, a column
12 and a nacelle 13. The blade 11 includes a plurality of
wings provided at the tip of the main shaft 2, and rotates
the main shaft 2 by receiving wind. The nacelle 13 in-
cludes the main shaft 2; a support mechanism 15 for

supporting the main shaft 2; a speed-up gear 3 for in-
creasing the speed of the rotation of the main shaft 2; a
rotating portion support structure 17 including a high-
speed shaft 35 rotating at a high speed by receiving an
output of the speed-up gear 3, a bearing supporting the
high-speed shaft 35, and the like; a power generator 4
for generating electric power by using a rotational force
supplied from the high-speed shaft 35; a casing 18 for
housing these components, and the like. The column 12
supports the nacelle 13 horizontally rotatably around a
vertical axis.
[0035] Fig. 2 is a schematic side view of the speed-up
gear 3, the rotating portion support structure 17 and the
power generator 4. The power generator 4 is formed by,
for example, an induction generator, and includes a drive
shaft 41 that is rotated by receiving the rotation of the
high-speed shaft 35, having been increased in speed by
the speed-up gear 3, a rotor 42 built in the power gener-
ator 4, and a stator and the like not shown. The rotor 42
is integrally rotatably connected to the drive shaft 41, and
the power generator 4 generates electric power as a re-
sult of driving the rotor 42 by the rotation of the drive shaft
41. Besides, the power generator 4 includes a brake 44
for braking the drive shaft 41. The brake 44 can restrict
the rotation of the drive shaft 41.
[0036] The speed-up gear 3 includes a gear mecha-
nism (rotation transmission mechanism) 30 that receives
the rotation of the main shaft 2 to increase the speed of
the rotation. The gear mechanism 30 includes a planetary
gear mechanism 31, and a high-speed stage gear mech-
anism 32 that receives the rotation having been in-
creased in speed by the planetary gear mechanism 31
to further increase its speed.
[0037] The planetary gear mechanism 31 includes an
internal gear (a ring gear) 31 a, a plurality of planetary
gears 31 b held on a planetary carrier (not shown) inte-
grally rotatably connected to the main shaft 2, and a sun
gear 31c engaged with the planetary gears 31 b. Thus,
when the planetary carrier is rotated together with the
main shaft 2, the sun gear 31 c is rotated via the planetary
gears 31 b, and the rotation is transmitted to a low-speed
shaft 33 of the high-speed stage gear mechanism 32.
[0038] The high-speed stage gear mechanism 32 in-
cludes the low-speed shaft 33 having a low-speed gear
33a, an intermediate shaft 34 having a first intermediate
gear 34a and a second intermediate gear 34b, and an
output gear 40.
[0039] The low-speed shaft 33 is formed by a large
rotating shaft having a diameter of, for example, about 1
m, and is disposed coaxially with the main shaft 2. Both
end portions along the axial direction of the low-speed
shaft 33 are rotatably supported by rolling bearings (roller
bearings) 36a and 36b.
[0040] The intermediate shaft 34 is disposed in the vi-
cinity of the low-speed shaft 33, and both end portions
thereof along the axial direction are rotatably supported
by rolling bearings (roller bearings) 37a and 37b. The
first intermediate gear 34a of the intermediate shaft 34
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is engaged with the low-speed gear 33a, and the second
intermediate gear 34b is engaged with the output gear
40. The output gear 40 outputs the rotation increased in
speed by the aforementioned gear mechanism (the ro-
tation transmission mechanism) 30.
[0041] The high-speed shaft 35 is disposed in the vi-
cinity of the intermediate shaft 34, and is capable of ro-
tating by receiving the output of the output gear 40 and
outputting a running torque. The high-speed shaft 35 is
rotatably supported, at a first end portion 35b and a sec-
ond end portion 35c thereof along the axial direction, re-
spectively by rolling bearings (38 and 39). The high-
speed shaft 35 and the drive shaft 41 are connected to
each other by a joint 19, so as to be capable of mutually
transmitting power.
[0042] Owing to the above-described structure, the
speed of the rotation of the main shaft 2 is increased in
three stages by a gear ratio of the planetary gear mech-
anism 31, a gear ratio between the low-speed gear 33a
and the first intermediate gear 34a, and a gear ratio be-
tween the second intermediate gear 34b and the output
gear 40, so that the running torque can be output from
the output end portion 35c of the high-speed shaft 35. In
other words, the rotation of the main shaft 2 caused by
a wind force is increased in speed in three stages by the
speed-up gear 3 to drive the power generator 4.
[0043] Fig. 3 is a cross-sectional view of the rolling
bearing (38 or 39) rotatably supporting the high-speed
shaft 35. In the present embodiment, each of these rolling
bearings (38 and 39) is a roller bearing formed particularly
by a cylindrical roller bearing. The roller bearing 38 and
the roller bearing 39 have the same structure, and hence
the roller bearing 38 will be representatively described
herein.
[0044] The roller bearing 38 includes an inner ring 38a
externally fit and fixed on the high-speed shaft 35, an
outer ring 38b fixed on a housing 3a of the speed-up gear
3, a plurality of rollers 38c disposed to be movable by
rolling between the inner ring 38a and the outer ring 38b,
and a ring-shaped cage 38d for holding the respective
rollers 38c at prescribed intervals along the circumferen-
tial direction. The inner ring 38a, the outer ring 38b and
the rollers 38c are made of, for example, bearing steel,
and the cage 38d is made of, for example, a copper alloy.
[0045] The inner ring 38a has an inner ring raceway
surface 38a1 formed in a center portion along the axial
direction on the outer circumference thereof. Besides,
the inner ring 38a has a pair of outer ring flange portion
38a2 formed on both sides along the axial direction. The
outer ring 38b is disposed coaxially with the inner ring
38a, and includes an outer ring raceway surface 38b1
formed in a center portion along the axial direction on the
inner circumference thereof. The outer ring raceway sur-
face 38b1 is disposed to oppose the inner ring raceway
surface 38a1. The rollers 38c are disposed between the
inner ring raceway surface 38a1 and the outer ring race-
way surface 38b1 so as to move by rolling on these race-
way surfaces 38a1 and 38b1.

[0046] Referring to Fig. 2, the rotating portion support
structure 17 includes the high-speed shaft 35 capable of
rotating by receiving the rotational force of the output
gear 40 and transmitting the rotational force to the drive
shaft 41, and the roller bearings 38 and 39 rotatably sup-
porting the high-speed shaft 35. Now, this rotating portion
support structure 17 will be mainly described.

[Rotating portion support structure (of first example)]

[0047] Fig. 4 is a cross-sectional view illustrating the
rotating portion support structure 17 (of a first example).
This rotating portion support structure 17 includes, as
described above, the high-speed shaft 35 capable of ro-
tating by receiving the rotational force of the output gear
40 and the roller bearings 38 and 39 rotatably supporting
the high-speed shaft 35, and in addition, further includes
a one-way clutch 7 provided between the output gear 40
and the high-speed shaft 35.
[0048] The output gear 40 is a ring-shaped gear pro-
vided coaxially with the high-speed shaft 35 and on an
outer circumferential side of the high-speed shaft 35. The
one-way clutch 7 is provided between the output gear 40
in a ring shape and the high-speed shaft 35. On the outer
circumference of the output gear 40, a plurality of teeth
engaged with the intermediate gear 34b (see Fig. 2) are
formed.
[0049] The one-way clutch 7 includes a first clutch sec-
tion provided on an inner circumferential side of the out-
put gear 40 and rotating integrally with the output gear
40, and a second clutch section rotating integrally with
the high-speed shaft 35. In the present embodiment, the
first clutch section is formed by a first clutch member 23
different from a member forming the output gear 40, and
the second clutch section is formed by a second clutch
member 24 different from a member forming the high-
speed shaft 35. Besides, in the present embodiment, a
cylindrical attaching member 50 is fixed on the outer cir-
cumference of the high-speed shaft 35, and the second
clutch member 24 is fixed on a center portion along the
axial direction of the attaching member 50.
[0050] The first clutch member 23 is formed by a cy-
lindrical member fixed on the inner circumference of the
output gear 40, and the second clutch member 24 is
formed by a cylindrical member fixed via the attaching
member 50 on the outer circumferential side of the high-
speed shaft 35. Incidentally, the first clutch section may
be formed by a part of an inner circumferential portion of
the output gear 40, and the second clutch section may
be formed by a part of an outer circumferential portion of
the high-speed shaft 35 (or the attaching member 50).
[0051] Besides, the one-way clutch 7 includes an en-
gaging element disposed between the first clutch mem-
ber 23 and the second clutch member 24. In the present
embodiment, the engaging member is formed by rollers
(cylindrical rollers) 25.
[0052] Fig. 5 is a side cross-sectional view of the one-
way clutch 7. The one-way clutch 7 further includes a
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ring-shaped cage 26 for holding the respective rollers 25
at prescribed intervals along the circumferential direc-
tion, and elastic members (pressing members) 28 re-
spectively elastically pressing the rollers 25 in one direc-
tion along the circumferential direction.
[0053] An inner circumferential surface 23a of the first
clutch member 23 is formed as a cylindrical surface, and
flat cam surfaces 24a1 in the same number as the rollers
25 (namely, eight) are formed on an outer circumferential
surface 24a of the second clutch member 24. Therefore,
wedge-shaped spaces S in the same number as the roll-
ers 25 (namely, eight) are formed between the cam sur-
faces 24a1 and the inner circumferential surface 23a of
the first clutch member 23. In each wedge-shaped space
S, one roller 25 is disposed.
[0054] Incidentally, the inner circumferential surface
23a of the first clutch member 23 forming the respective
wedge-shaped spaces S is formed by cylindrical surfaces
continuous along the circumferential direction, but it may
be formed by arc surfaces not continuous along the cir-
cumferential direction, such as independent arc surfaces
having a flat surface or an infection point disposed ther-
ebetween along the circumferential direction.
[0055] Each roller 25 is pressed by the elastic member
28 toward a direction where the wedge-shaped space S
becomes smaller. The roller 25 has, as its outer circum-
ferential surface, a contact surface 25a in contact with
the cam surface 24a1 of the second clutch member 24
and the inner circumferential surface 23a of the first clutch
member 23, and this contact surface 25a is formed to
extend straight along the width direction (the axial direc-
tion).
[0056] Further referring to Fig. 4, the one-way clutch 7
further includes a clutch rolling bearing section provided
between the output gear 40 and the high-speed shaft 35.
In the present embodiment, the clutch rolling bearing in-
cludes cylindrical roller bearings 8a and 8b, which are
provided on both sides along the axial direction of a roller
row (an engaging element row) composed of the plural
rollers 25. The cylindrical roller bearing 8a has the same
structure as the cylindrical roller bearing 8b, and each of
these includes an outer ring portion, an inner ring portion
and cylindrical rollers 8a2 (or 8b2) disposed between the
outer ring portion and the inner ring portion and moving
by rolling on an inner circumferential surface of the outer
ring portion and an outer circumferential surface of the
inner ring portion.
[0057] In the present embodiment, the inner ring por-
tion corresponds to an inner ring 8a1 (or 8b1) fixed on
the attaching member 50, but the outer ring portion is
formed by a part (both end portions along the axial direc-
tion) of the first clutch member 23 in the cylindrical shape.
In other words, a part (both end portions along the axial
direction) of the first clutch member 23 in the cylindrical
shape is used also as the outer ring for the cylindrical
roller bearing 8a (or 8b).
[0058] When these cylindrical roller bearings 8a and
8b are used, even if the engagement of the cylindrical

rollers 25 corresponding to the engaging element of the
one-way clutch 7 with the first clutch member 23 and the
second clutch member 24 is released, the first clutch
member 23 and the second clutch member 24 can be
relatively rotatably supported, which will be described lat-
er.
[0059] The function of the rotating portion support
structure 17 (of the first example) configured as de-
scribed above will now be described.
[0060] In a state where the main shaft 2 (see Fig. 1) is
rotating in a positive direction, if the rotational frequency
of the main shaft 2 is increased because, for example, a
wind force is increased, the rotational speed output by
the speed-up gear 3 is increased as a result, which in-
creases the rotational speed of the output gear 40 (see
Fig. 4). In the case where the rotational speed of the
output gear 40 exceeds the rotational speed of the high-
speed shaft 35 because the output gear 40 is thus rotated
at an increasing speed, the first clutch member 23 rotat-
ing integrally with the output gear 40 is to rotate in one
direction (a direction shown with an arrow R1 in Fig. 5)
relatively to the second clutch member 24.
[0061] In this case, the roller 25 slightly moves, owing
to the pressing force (restoring force) applied by the elas-
tic member 28, in the direction where the wedge-shaped
space S becomes smaller (in the clockwise direction in
Fig. 5), the contact surface 25a of the roller 25 is pressed
against the inner circumferential surface 23a of the first
clutch member 23 and the outer circumferential surface
24a (the cam surface 24a1) of the second clutch member
24, and hence, the roller 25 is engaged between the first
and second clutch members 23 and 24. As a result, the
first clutch member 23 and the second clutch member
24 can integrally rotate in the one (R1) direction. In other
words, the output gear 40 on which the first clutch mem-
ber 23 is fixed and the high-speed shaft 35 on which the
second clutch member 24 is fixed are connected to each
other so as to integrally rotate.
[0062] Besides, if the output gear 40 rotates at a con-
stant speed after rotating at an increasing speed and as
a result, the rotational speed of the output gear 40 be-
comes the same as the rotational speed of the high-
speed shaft 35, the roller 25 is held in a state where it is
engaged between the first and second clutch members
23 and 24. Therefore, the integral rotation of the first and
second clutch members 23 and 24, namely, the integral
rotation of the output gear 40 and the high-speed shaft
35, is retained.
[0063] On the other hand, if the rotational frequency of
the main shaft 2 is decreased because, for example, the
wind force is decreased, the output gear 40 rotates at a
decreasing speed. In the case where the output gear 40
rotates at a decreasing speed and as a result, the rota-
tional speed of the output gear 40 becomes lower than
the rotational speed of the high-speed shaft 35, the first
clutch member 23 rotating integrally with the output gear
40 is to rotate relatively to the second clutch member 24
in another direction (a direction opposite to the arrow R1
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in Fig. 5).
[0064] In this case, the roller 25 slightly moves, against
the pressing force applied by the elastic member 28, in
a direction where the wedge-shaped space S becomes
larger, and thus, the engagement between the roller 25
and the first and second clutch members 23 and 24 is
released. Since the engagement of the roller 25 is thus
released, the connection between the output gear 40 on
which the first clutch member 23 is fixed and the high-
speed shaft 35 on which the second clutch member 24
is fixed is released.
[0065] In this manner, according to the rotating portion
support structure 17 (of the first example) including the
one-way clutch 7, if the rotational speed of the output
gear 40 exceeds the rotational speed of the high-speed
shaft 35, the output gear 40 and the high-speed shaft 35
are integrally rotatably connected to each other, and if
the rotational speed of the output gear 40 becomes lower
than the rotational speed of the high-speed shaft 35, the
connection between the output gear 40 and the high-
speed shaft 35 is broken (namely, the power transmis-
sion between the output gear 40 and the high-speed shaft
35 is broken).
[0066] Accordingly, if the rotational speed of the output
gear 40 exceeds the rotational speed of the high-speed
shaft 35 and the output gear 40 and the high-speed shaft
35 are integrally rotatably connected to each other, power
is transmitted from the output gear 40 to the high-speed
shaft 35 and the drive shaft 41 (see Fig. 2). As a result,
the drive shaft 41 and the rotor 42 are rotated to generate
electric power.
[0067] On the contrary, if the rotational speed of the
output gear 40 becomes lower than the rotational speed
of the high-speed shaft 35, the connection (the power
transmission) between the output gear 40 and the high-
speed shaft 35 is broken. Therefore, even if the rotational
speed of the main shaft 2 is abruptly lowered due to the
lowering of the wind force, and as a result the rotational
speed of the output gear 40 is abruptly lowered, the high-
speed shaft 35 is inertially rotated together with the rotor
42 and the drive shaft 41 of the power generator 4, and
therefore, an abrupt torque loss is prevented, and the
rotation delay of the rollers 38c and 39c of the roller bear-
ings 38 and 39 supporting the high-speed shaft 35 can
be suppressed.
[0068] As a result, even when the rotational speed of
the main shaft 2 is abruptly increased from this state due
to a change of the wind force and the output gear 40 and
the high-speed shaft 35 are connected to each other
again to rotate the high-speed shaft 35 by the rotational
force received from the output gear 40, the rollers 38c
and 39c are difficult to slip on the contact surfaces (38a1
and 38b1 in Fig. 3) with the inner and outer rings 38a and
38b in the roller bearings 38 and 39 supporting the high-
speed shaft 35, and thus, the occurrence of smearing in
the roller bearings 38 and 39 can be suppressed.
[0069] Besides, since the one-way clutch 7 is provided
inside along the radial direction of the output gear 40 in

the present embodiment, the rotating portion support
structure 17 can be made compact.
[0070] Furthermore, since the cylindrical roller bear-
ings 8a and 8b are provided as the clutch roller bearing
section adjacent to the row of the rollers 25 corresponding
to the engaging element, even if the engagement of the
rollers 25 with the first clutch member 23 and the second
clutch member 24 is released, the output gear 40 rotating
integrally with the first clutch member 23 and the high-
speed shaft 35 rotating integrally with the second clutch
member 24 can be relatively rotatably supported. There-
fore, the output gear 40 can relatively rotate while retain-
ing its coaxial alignment with the high-speed shaft 35.
[0071] Besides, as described above, the outer circum-
ferential surface (the contact surface 25a) of the cylindri-
cal roller 25 used as the engaging element is formed to
extend straight along the axial direction. Besides, the
clutch roller bearing section is formed by the cylindrical
roller bearings 8a (and 8b), a rolling element of each of
the bearings is the cylindrical roller 8a2 (or 8b2), and an
outer circumferential surface of the roller is formed to
extend straight along the axial direction. Therefore, since
the cylindrical roller 25 and the cylindrical roller 8a2 (or
8b2) are allowed to slip along the axial direction on the
first clutch member 23, the first clutch member 23 and
the second clutch member 24 can be relatively moved
along the axial direction (namely, are formed to allow
relative movement along the axial direction).
[0072] From the above, since the output gear 40 inte-
grated with the first clutch member 23 and the high-speed
shaft 35 integrated with the second clutch member 24
are relatively movable along the axial direction, even if
the high-speed shaft 35 expands/contracts due to a tem-
perature change, the expansion/contraction can be can-
celled, and hence, occurrence of a large thermal stress
in the high-speed shaft 35 can be prevented.

[Rotating portion support structure (of second example)]

[0073] Fig. 6 is a cross-sectional view illustrating the
rotating portion support structure 17 (of a second exam-
ple). In Figs. 2 and 6, the rotating portion support structure
17 includes, as described above, the high-speed shaft
35 capable of rotating by receiving the rotational force of
the output gear 40 and transmitting the rotational force
to the drive shaft 41, and the roller bearings 38 and 39
rotatably supporting the high-speed shaft 35.
[0074] In the present embodiment, the high-speed
shaft 35 includes, as illustrated in Fig. 6, a first shaft sec-
tion 51 rotating integrally with the output gear 40, a sec-
ond shaft section 52 supported by the roller bearing 38,
and a connecting section 53 provided between the first
shaft section 51 and the second shaft section 52. In other
words, the high-speed shaft 35 includes the first shaft
section 51 and the second shaft section 52 separated
from each other. The first shaft section 51 and the second
shaft section 52 are, however, disposed on the same
axial line.
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[0075] The output gear 40 is externally fit and fixed on
the first shaft section 51. Incidentally, the roller bearing
39 (see Fig. 2) is provided on a side of the first shaft
section 51, so as to rotatably support the first shaft section
51.
[0076] The first shaft section 51 has, at its shaft end,
a cylindrical portion 54, and the second shaft section 52
has, at its shaft end, a center shaft portion 55. The center
shaft portion 55 is positioned inside the cylindrical portion
54 along the radial direction, and the center shaft portion
55 and the cylindrical portion 54 are coaxially disposed.
Besides, a ring-shaped space is formed between the
center shaft portion 55 and the cylindrical portion 54, and
the connecting section 53 is provided in this space.
[0077] Besides, between an end surface 54a of the
cylindrical portion 54 and an end surface 52a of the sec-
ond shaft section 52, a gap e1 along the axial direction
is provided, and between an end surface 55a of the center
shaft portion 55 and an end surface 51 a of the first shaft
section 51, a gap e2 along the axial direction is provided.
[0078] The connecting section 53 is formed by a one-
way clutch 7 that integrally rotatably connects the first
shaft section 51 and the second shaft section 52 to each
other or breaks (releases) this connection. The one-way
clutch 7 includes a first clutch section provided on the
inner circumferential side of the cylindrical portion 54 and
rotating integrally with the cylindrical portion 54, and a
second clutch section provided on the outer circumfer-
ential side of the center shaft portion 55 and rotating in-
tegrally with the center shaft portion 55. In the present
embodiment, the first clutch section is formed by a first
clutch member 56 different from a member forming the
cylindrical portion 54, and the second clutch section is
formed by a second clutch member 57 different from a
member forming the center shaft portion 55. The first
clutch member 56 is formed by a cylindrical member fixed
on the cylindrical portion 54, and the second clutch mem-
ber 57 is formed by a cylindrical member fixed on the
center shaft portion 55. Incidentally, the first clutch sec-
tion may be formed by a part of an inner circumferential
portion of the cylindrical portion 54, and the second clutch
section may be formed by a part of an outer circumfer-
ential portion of the center shaft portion 55.
[0079] Besides, the one-way clutch 7 includes an en-
gaging element disposed between the first clutch mem-
ber 56 and the second clutch member 57. In the present
embodiment, the engaging member is formed by rollers
(cylindrical rollers) 58.
[0080] The side cross-section of the one-way clutch 7
is the same as that of the one-way clutch 7 of the afore-
mentioned embodiment (Fig. 4), and the one-way clutch
7 of Fig. 6 will be described with reference to Fig. 5. The
one-way clutch 7 further includes a ring-shaped cage 59
for holding the respective rollers 58 at prescribed inter-
vals along the circumferential direction, and elastic mem-
bers (pressing members) 60 respectively elastically
pressing the rollers 58 in one direction along the circum-
ferential direction.

[0081] Besides, an inner circumferential surface 56a
of the first clutch member 56 is formed as a cylindrical
surface, and flat cam surfaces 57a1 in the same number
as the rollers 58 (namely, eight) are formed on an outer
circumferential surface 57a of the second clutch member
57. Therefore, wedge-shaped spaces S in the same
number as the rollers 58 (namely, eight) are formed be-
tween the cam surfaces 57a1 and the inner circumfer-
ential surface 56a of the first clutch member 56. In each
wedge-shaped space S, one roller 58 is disposed.
[0082] Incidentally, the inner circumferential surface
56a of the first clutch member 56 forming the respective
wedge-shaped spaces S is formed by cylindrical surfaces
continuous along the circumferential direction, but it may
be formed by arc surfaces not continuous along the cir-
cumferential direction, such as independent arc surfaces
having a flat surface or an infection point disposed ther-
ebetween along the circumferential direction.
[0083] Furthermore, each roller 58 is pressed by the
elastic member 60 toward a direction where the wedge-
shaped space S becomes smaller. The roller 58 has, as
its outer circumferential surface, a contact surface 58a
in contact with the cam surface 57a1 of the second clutch
member 57 and the inner circumferential surface 56a of
the first clutch member 56, and this contact surface 58a
is formed to extend straight along the width direction (the
axial direction).
[0084] Further referring to Fig. 6, the one-way clutch 7
further includes a clutch rolling bearing section provided
between the cylindrical portion 54 and the center shaft
portion 55. In the present embodiment, the clutch rolling
bearing includes a cylindrical roller bearing 61, which is
provided adjacent along the axial direction to a roller row
(an engaging element row) composed of the plural rollers
58. The cylindrical roller bearing 61 has an outer ring
portion, an inner ring portion and a cylindrical roller 61 b
disposed between the outer ring portion and the inner
ring portion and moving by rolling on an inner circumfer-
ential surface of the outer ring portion and an outer cir-
cumferential surface of the inner ring portion.
[0085] In the present embodiment, the inner ring por-
tion corresponds to an inner ring 61 a fixed on the center
shaft portion 55, but the outer ring portion is formed by
a part of the first clutch member 56 in the cylindrical
shape. In other words, a part of the first clutch member
56 in the cylindrical shape is used also as the outer ring
for the cylindrical roller bearing 61.
[0086] When the cylindrical roller bearing 61 is used,
even if the engagement of the cylindrical rollers 58 cor-
responding to the engaging element of the one-way
clutch 7 with the first clutch member 56 and the second
clutch member 57 is released, the first clutch member 56
and the second clutch member 57 can be relatively ro-
tatably supported, which will be described later.
[0087] The function of the rotating portion support
structure 17 (of the second example) configured as de-
scribed above will now be described.
[0088] In a state where the main shaft 2 (see Fig. 1) is
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rotating in a positive direction, if the rotational frequency
of the main shaft 2 is increased because, for example, a
wind force is increased, the rotational speed output by
the speed-up gear 3 is increased, which increases the
rotational speed of the output gear 40 and the first shaft
section 51 (see Fig. 6) of the high-speed shaft 35. In the
case where the rotational speed of the first shaft section
51 exceeds the rotational speed of the second shaft sec-
tion 52 because the first shaft section 51 is thus rotated
at an increasing speed, the first clutch member 56 rotat-
ing integrally with the first shaft section 51 is to rotate in
one direction (a direction shown with the arrow R1 in Fig.
5) relatively to the second clutch member 57.
[0089] In this case, the roller 58 slightly moves, owing
to the pressing force (the restoring force) applied by the
elastic member 60, in the direction where the wedge-
shaped space S becomes smaller (in the clockwise di-
rection in Fig. 5), the contact surface 58a of the roller 58
is pressed against the inner circumferential surface 56a
of the first clutch member 56 and the outer circumferential
surface 57a (the cam surface 57a1) of the second clutch
member 57, and hence, the roller 58 is engaged between
the first and second clutch members 56 and 57. As a
result, the first clutch member 56 and the second clutch
member 57 can integrally rotate in the one (R1) direction.
In other words, the first shaft section 51 on which the first
clutch member 56 is fixed and the second shaft section
52 on which the second clutch member 57 is fixed are
connected to each other so as to integrally rotate.
[0090] Besides, if the first shaft section 51 of the high-
speed shaft 35 rotates at a constant speed after rotating
at an increasing speed and as a result, the rotational
speed of the first shaft section 51 becomes the same as
the rotational speed of the second shaft section 52, the
roller 58 is held in a state where it is engaged between
the first and second clutch members 56 and 57. There-
fore, the integral rotation of the first and second clutch
members 56 and 57, namely, the integral rotation of the
first shaft section 51 and the second shaft section 52, is
retained.
[0091] On the other hand, if the rotational frequency of
the main shaft 2 is decreased because, for example, the
wind force is decreased, the first shaft section 51 of the
high-speed shaft 35 rotates at a decreasing speed. In
the case where the first shaft section 51 thus rotates at
a decreasing speed and as a result, the rotational speed
of the first shaft section 51 becomes lower than the ro-
tational speed of the second shaft section 52, the first
clutch member 56 rotating integrally with the first shaft
section 51 is to rotate relatively to the second clutch mem-
ber 57 in another direction (the direction opposite to the
arrow R1 in Fig. 5).
[0092] In this case, the roller 58 slightly moves, against
the pressing force applied by the elastic member 60, in
the direction where the wedge-shaped space S becomes
larger, and thus, the engagement between the roller 58
and the first and second clutch members 56 and 57 is
released. Since the engagement of the roller 58 is thus

released, the connection between the first shaft section
51 on which the first clutch member 56 is fixed and the
second shaft section 52 on which the second clutch mem-
ber 57 is fixed is released.
[0093] In this manner, according to the rotating portion
support structure 17 (of the second example) including
the one-way clutch 7, if the rotational speed of the first
shaft section 51 exceeds the rotational speed of the sec-
ond shaft section 52 in the high-speed shaft 35, the first
shaft section 51 and the second shaft section 52 are in-
tegrally rotatably connected to each other, and if the ro-
tational speed of the first shaft section 51 becomes lower
than the rotational speed of the second shaft section 52,
the connection between the first shaft section 51 and the
second shaft section 52 is broken (namely, the power
transmission between the first shaft section 51 and the
second shaft section 52 is broken).
[0094] In this manner, if the rotational speed of the first
shaft section 51 rotating integrally with the output gear
40 of the speed-up gear 3 becomes lower than the rota-
tional speed of the second shaft section 52 in the high-
speed shaft 35, the connection (the power transmission)
between the first shaft section 51 and the second shaft
section 52 is broken by the one-way clutch 7. Therefore,
even if the rotational speed of the main shaft 2 is abruptly
lowered due to the lowering of the wind force, and as a
result the rotational speed of the output gear 40 and the
first shaft section 51 is abruptly lowered, the second shaft
section 52 is inertially rotated, and therefore, an abrupt
torque loss is prevented, and the rotation delay of the
rollers 38c of the roller bearing 38 supporting the second
shaft section 52 can be suppressed. As a result, even
when the rotational speed of the main shaft 2 is abruptly
increased from this state due to a change of the wind
force and the first shaft section 51 and the second shaft
section 52 are connected to each other again to rotate
the second shaft section 52 by the rotational force re-
ceived from the first shaft section 51, the rollers 38c are
difficult to slip on the contact surfaces (38a1 and 38b1 in
Fig. 3) with the inner and outer rings 38a and 38b in the
roller bearing 38 supporting the second shaft section 52,
and thus, the occurrence of smearing in the roller bearing
38 can be suppressed. In addition, the occurrence of
smearing in the roller bearing 39 (see Fig. 2) supporting
the first shaft section 51 can be also suppressed.
[0095] Besides, since the one-way clutch 7 is provided
as a part of the high-speed shaft 35, namely, between
the first shaft section 51 and the second shaft section 52,
in the present embodiment, the rotating portion support
structure 17 can be made compact.
[0096] Furthermore, since the cylindrical roller bearing
61 is provided as the clutch roller bearing section adja-
cent to the row of the rollers 58 corresponding to the
engaging element, even if the engagement of the rollers
58 with the first clutch member 56 and the second clutch
member 57 is released, the first shaft section 51 rotating
integrally with the first clutch member 56 and the second
shaft section 52 rotating integrally with the second clutch
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member 57 can be relatively rotatably supported. There-
fore, the second shaft section 52 can relatively rotate
while retaining its coaxial alignment with the first shaft
section 51.
[0097] Besides, as described above, the outer circum-
ferential surface (the contact surface 58a) of the cylindri-
cal roller 58 used as the engaging element is formed to
extend straight along the axial direction. Besides, the
clutch roller bearing section is formed by the cylindrical
roller bearing 61, a rolling element of the bearing is the
cylindrical roller 61 b, and an outer circumferential sur-
face of the roller is formed to extend straight along the
axial direction. Therefore, since the cylindrical roller 58
and the cylindrical roller 61 b are allowed to slip along
the axial direction on the first clutch member 56, the first
clutch member 56 and the second clutch member 57 can
be relatively moved along the axial direction (namely, are
formed to allow relative movement along the axial direc-
tion).
[0098] Furthermore, as illustrated in Fig. 6, a gap e1
along the axial direction is provided between an end sur-
face 54a of the cylindrical portion 54 and an end surface
52a of the second shaft section 52, and a gap e2 along
the axial direction is provided between an end surface
55a of the center shaft portion 55 and an end surface 51
a of the first shaft section 51. These gaps e1 and e2 are
set to be respectively larger than amounts of the move-
ment along the axial direction of the first shaft section 51
and the second shaft section 52. Incidentally, the
"amount of the movement along the axial direction" refers
to the maximum value (the designed maximum value) of
a sum of an amount of extension along the axial direction
of the first shaft section 51 and an amount of extension
along the axial direction of the second shaft section 52.
It is noted that the extension along the axial direction is
caused by the expansion along the axial direction of the
first shaft section 51 and the second shaft section 52 due
to temperature increase.
[0099] In other words, the gap e1 and the gap e2 are
gaps provided respectively for allowing the relative move-
ment along the axial direction of the first clutch member
56 fixed on the first shaft section 51 and the second clutch
member 57 fixed on the second shaft section 52, the gap
e1 and the gap e2 are respectively set as the maximum
allowable amount of the relative movement, and the gap
e1 and the gap e2 are respectively set to be larger than
the amount of the movement along the axial direction
(the sum of the amounts of the extension along the axial
direction) of the first shaft section 51 and the second shaft
section 52.
[0100] From the above, since the first shaft section 51
integrated with the first clutch member 56 and the second
shaft section 52 integrated with the second clutch mem-
ber 57 are relatively movable along the axial direction,
even if the high-speed shaft 35 expands/contracts due
to a temperature change, the expansion/contraction can
be cancelled, and hence, the occurrence of a large ther-
mal stress in the high-speed shaft 35 can be prevented.

[Rotating portion support structure (of third example)]

[0101] Fig. 7 is a cross-sectional view illustrating the
rotating portion support structure 17 (of a third example).
In Figs. 2 and 7, the rotating portion support structure 17
includes, as described above, the high-speed shaft 35
capable of rotating by receiving the rotational force of the
output gear 40 and transmitting the rotational force to the
drive shaft 41, and the roller bearings 38 and 39 rotatably
supporting the high-speed shaft 35.
[0102] In the present embodiment, the high-speed
shaft 35 includes, as illustrated in Fig. 7, a first shaft sec-
tion 71 rotating integrally with the output gear 40, a sec-
ond shaft section 72 supported by the roller bearing 39,
and a connecting section 73 provided between the first
shaft section 71 and the second shaft section 72. In other
words, the high-speed shaft 35 includes the first shaft
section 71 and the second shaft section 72 separated
from each other. The first shaft section 71 and the second
shaft section 72 are, however, disposed on the same
axial line.
[0103] The output gear 40 is externally fit and fixed on
the first shaft section 71. Incidentally, the roller bearing
38 (see Fig. 2) is provided on a side of the first shaft
section 71, so as to rotatably support the first shaft section
71.
[0104] The first shaft section 71 has, at its shaft end,
a cylindrical portion 74, and the second shaft section 72
has, at its shaft end, a center shaft portion 75. The center
shaft portion 75 is disposed inside the cylindrical portion
74 along the radial direction, and the center shaft portion
75 and the cylindrical portion 74 are coaxially disposed.
Besides, a ring-shaped space is formed between the
center shaft portion 75 and the cylindrical portion 74, and
the connecting section 73 is provided in this space.
[0105] Besides, between an end surface 74a of the
cylindrical portion 74 and an end surface 72a of the sec-
ond shaft section 72, a gap e1 along the axial direction
is provided, and between an end surface 75a of the center
shaft portion 75 and an end surface 71 a of the first shaft
section 71, a gap e2 along the axial direction is provided.
[0106] The connecting section 73 is formed by a one-
way clutch 7 that integrally rotatably connects the first
shaft section 71 and the second shaft section 72 to each
other or breaks (releases) this connection. The one-way
clutch 7 includes a first clutch section provided on the
inner circumferential side of the cylindrical portion 74 and
rotating integrally with the cylindrical portion 74, and a
second clutch section rotating integrally with the center
shaft portion 75. In the present embodiment, the first
clutch section is formed by a first clutch member 56 dif-
ferent from a member forming the cylindrical portion 74,
and the second clutch section is formed by a second
clutch member 57 different from a member forming the
center shaft portion 75. The first clutch member 56 is
formed by a cylindrical member fixed on the cylindrical
portion 74, and the second clutch member 57 is formed
by a cylindrical member fixed on the center shaft portion
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75. Incidentally, the first clutch section may be formed
by a part of an inner circumferential portion of the cylin-
drical portion 74, and the second clutch section may be
formed by a part of an outer circumferential portion of the
center shaft portion 75.
[0107] Besides, the one-way clutch 7 includes an en-
gaging element disposed between the first clutch mem-
ber 56 and the second clutch member 57. In the present
embodiment, the engaging member is formed by rollers
(cylindrical rollers) 58. It is noted that the one-way clutch
7 of Fig. 7 has the same structure as the one-way clutch
7 of Fig. 6.
[0108] The side cross-section of the one-way clutch 7
of Fig. 7 is the same as that of the one-way clutch 7 of
the aforementioned embodiment (Fig. 6), and the one-
way clutch 7 of Fig. 7 will be described with reference to
Fig. 5. The one-way clutch 7 further includes a ring-
shaped cage 59 for holding the respective rollers 58 at
prescribed intervals along the circumferential direction,
and elastic members (pressing members) 60 respective-
ly elastically pressing the rollers 58 in one direction along
the circumferential direction.
[0109] Besides, an inner circumferential surface 56a
of the first clutch member 56 is formed as a cylindrical
surface, and flat cam surfaces 57a1 in the same number
as the rollers 58 (namely, eight) are formed on an outer
circumferential surface 57a of the second clutch member
57. Therefore, wedge-shaped spaces S in the same
number as the rollers 58 (namely, eight) are formed be-
tween the cam surfaces 57a1 and the inner circumfer-
ential surface 56a of the first clutch member 56. In each
wedge-shaped space S, one roller 58 is disposed.
[0110] Incidentally, the inner circumferential surface
56a of the first clutch member 56 forming the respective
wedge-shaped spaces S is formed by cylindrical surfaces
continuous along the circumferential direction, but it may
be formed by arc surfaces not continuous along the cir-
cumferential direction, such as independent arc surfaces
having a flat surface or an infection point disposed ther-
ebetween along the circumferential direction.
[0111] Each roller 58 is pressed by the elastic member
60 toward a direction where the wedge-shaped space S
becomes smaller. The roller 58 has, as its outer circum-
ferential surface, a contact surface 58a in contact with
the cam surface 57a1 of the second clutch member 57
and the inner circumferential surface 56a of the first clutch
member 56, and this contact surface 58a is formed to
extend straight along the width direction (the axial direc-
tion).
[0112] Further referring to Fig. 7, the one-way clutch 7
further includes a clutch rolling bearing section provided
between the cylindrical portion 74 and the center shaft
portion 75. The clutch rolling bearing of the present em-
bodiment has the same structure as the clutch rolling
bearing of Fig. 6 (namely, is formed by a cylindrical roller
bearing 61) and is provided adjacent along the axial di-
rection to a roller row (an engaging element row) com-
posed of the plural rollers 58. The cylindrical roller bearing

61 has an outer ring portion, an inner ring portion and a
cylindrical roller 61 b disposed between the outer ring
portion and the inner ring portion and moving by rolling
on an inner circumferential surface of the outer ring por-
tion and an outer circumferential surface of the inner ring
portion.
[0113] In the present embodiment, the inner ring por-
tion corresponds to an inner ring 61 a fixed on the center
shaft portion 75, but the outer ring portion is formed by
a part of the first clutch member 56 in the cylindrical
shape. In other words, a part of the first clutch member
56 in the cylindrical shape is used also as the outer ring
for the cylindrical roller bearing 61.
[0114] When the cylindrical roller bearing 61 is used,
even if the engagement of the cylindrical rollers 58 cor-
responding to the engaging element of the one-way
clutch 7 with the first clutch member 56 and the second
clutch member 57 is released, the first clutch member 56
and the second clutch member 57 can be relatively ro-
tatably supported, which will be described later.
[0115] The function of the rotating portion support
structure 17 (of the third example) configured as de-
scribed above is the same as that of the rotating portion
support structure 17 (of the second example) illustrated
in Fig. 6, and in the high-speed shaft 35, the one-way
clutch 7 of the rotating portion support structure 17 (of
the third example) integrally rotatably connects the first
shaft section 71 and the second shaft section 72 to each
other if the rotational speed of the first shaft section 71
exceeds the rotational speed of the second shaft section
72, and breaks the connection between the first shaft
section 71 and the second shaft section 72 (namely,
breaks the power transmission between the first shaft
section 71 and the second shaft section 72) if the rota-
tional speed of the first shaft section 71 becomes lower
than the rotational speed of the second shaft section 72.
[0116] In this manner, if the rotational speed of the first
shaft section 71 rotating integrally with the output gear
40 of the speed-up gear 3 exceeds the rotational speed
of the second shaft section 72 in the high-speed shaft
35, the first shaft section 71 and the second shaft section
72 are integrally rotatably connected to each other, so
as to transmit power from the output gear 40 and the first
shaft section 71 to the second shaft section 72. As a
result, the drive shaft 41 (see Fig. 2) is rotated to generate
electric power.
[0117] On the contrary, if the rotational speed of the
first shaft section 71 rotating integrally with the output
gear 40 of the speed-up gear 3 becomes lower than the
rotational speed of the second shaft section 72, the con-
nection (the power transmission) between the first shaft
section 71 and the second shaft section 72 is broken by
the one-way clutch 7. Therefore, even if the rotational
speed of the main shaft 2 is abruptly lowered due to the
lowering of the wind force, and as a result the rotational
speed of the output gear 40 and the first shaft section 71
is abruptly lowered, the second shaft section 72 is iner-
tially rotated, and therefore, an abrupt torque loss is pre-
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vented, and the rotation delay of the rollers 39c of the
roller bearing 39 supporting the second shaft section 52
can be suppressed. As a result, even when the rotational
speed of the main shaft 2 is abruptly increased from this
state due to a change of the wind force and the first shaft
section 71 and the second shaft section 72 are connected
to each other again to rotate the second shaft section 72
by the rotational force received from the first shaft section
71, the rollers 39c are difficult to slip on the contact sur-
faces with the inner and outer rings 39a and 39b in the
roller bearing 39 supporting the second shaft section 72,
and thus, the occurrence of smearing in the roller bearing
39 can be suppressed. In addition, the occurrence of
smearing in the roller bearing 38 (see Fig. 2) supporting
the first shaft section 51 can be also suppressed.

[Alternatives]

[0118] Alternatively, the rotating portion support struc-
ture 17 may include both the structures described in the
(second example) and the (third example). In other
words, the high-speed shaft 35 may be formed by a first
shaft section supported by the roller bearing 38, a second
shaft section on which the output gear 40 is fixed, and a
third shaft section supported by the roller bearing 39, so
that a connecting section 53 (see Fig. 6) described in the
(second example) may be provided between the first
shaft section and the second shaft section, and that a
connecting section 73 (see Fig. 7) described in the (third
example) may be provided between the second shaft
section and the third shaft section.
[0119] In this case, the rotating portion support struc-
ture is configured, so that if the output gear 40 is rotated
at an increasing speed, the first shaft section, the second
shaft section and the third shaft section can integrally
rotate, and if the output gear 40 is rotated at a decreasing
speed, the connection between the first shaft section and
the second shaft section can be broken, and the connec-
tion between the second shaft section and the third shaft
section can be broken. Thus, the occurrence of smearing
in the roller bearings 38 and 39 can be suppressed.
[0120] Incidentally, although the first shaft section in-
cludes the cylindrical portion and the second shaft sec-
tion includes the center shaft portion in each of the em-
bodiments illustrated in Figs. 6 and 7, this configuration
may be reversed, as long as one of the first shaft section
and the second shaft section includes the cylindrical por-
tion at its shaft end and the other includes, at its shaft
end, the center shaft portion disposed inside the cylin-
drical portion along the radial direction.
[0121] Fig. 8 is an explanatory diagram illustrating a
modification of the one-way clutch 7. Although the en-
gaging element was a roller in each of the aforemen-
tioned embodiments, the engaging element may be a
sprag 90 illustrated in Fig. 8. Besides, in this case, the
outer circumferential surface 24a of the second clutch
member 24 is formed by a cylindrical surface. The con-
stituent is the same as that of each embodiment de-

scribed above for the rest, and the description is herein
omitted. A case where the sprag 90 is used as the en-
gaging element of the rotating portion support structure
17 of Fig. 4 will now be described.
[0122] The sprag 90 includes a first contact surface
90b coming into contact with the outer circumferential
surface 24a of the second clutch member 24, and a sec-
ond contact surface 90c coming into contact with the in-
ner circumferential surface 23a of the first clutch member
23, and each of the first contact surface 90b and the
second contact surface 90c is formed in a projecting and
substantially arc shape.
[0123] Besides, a distance from the contact point be-
tween the outer circumferential surface 24a and the first
contact surface 90b to the contact point between the inner
circumferential surface 23a and the second contact sur-
face 90c (a distance between the contact points) is
changed in accordance with the inclination of the sprag
90, and when the second clutch member 24 is rotated in
a direction of an arrow a, the sprag 90 inclines in a direc-
tion of an arrow e, and hence the distance between the
contact points is increased. On the contrary, when the
second clutch member 24 is rotated in a direction of an
arrow b, the sprag 90 inclines in an opposite direction to
the arrow e, and hence the distance between the contact
points is decreased.
[0124] When the distance between the contact points
is increased, the sprag 90 engages with the first clutch
member 23 and the second clutch member 24, and on
the contrary, when the distance between the contact
points is decreased, the engagement of the sprag 90 with
the first clutch member 23 and the second clutch member
24 is released. Accordingly, when the second clutch
member 24 is to rotate in the direction of the arrow a
relatively to the first clutch member 23, the first clutch
member 23 and the second clutch member 24 are inte-
grally rotatably connected to each other, and when it rel-
atively rotates in the direction of the arrow b, this con-
nection is broken.
[0125] Besides, the power generation device and the
like of the present invention are not limited to the type
illustrated in the accompanying drawings but may be of
another type within the scope of the present invention.
Although the rolling bearing supporting the high-speed
shaft 35 is described as a roller bearing in the aforemen-
tioned embodiments, it may be another type of rolling
bearing, such as a ball bearing.
[0126] Furthermore, the wind power generation device
is not limited to the horizontal axis type illustrated in Fig.
1 but may be a vertical axis type including a vertical main
shaft although not shown. In addition, the power gener-
ation device may be one different from the wind power
generation device, and may be, for example, a small- or
mid-scale water power generation device or tidal power
generation device.
[0127] The present application is based upon the prior
Japanese patent application (Japanese Patent Applica-
tion No. 2013-121924) filed on June 10, 2013, the entire
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contents of which are incorporated herein by reference.

Description of Reference Signs

[0128]

1: wind power generation device (power gener-
ation device)

2: main shaft
3: speed-up gear
4: power generator
7: one-way clutch
8a, 8b: cylindrical roller bearing (clutch rolling bearing

section)
8a1: inner ring (inner ring portion)
8a2: cylindrical roller
17: rotating portion support structure
23: first clutch member (first clutch section)
24: second clutch member (second clutch sec-

tion)
25: cylindrical roller (engaging element)
30: gear mechanism (rotation transmission mech-

anism)
35: high-speed shaft
38: roller bearing (rolling bearing)
39: roller bearing (rolling bearing)
40: output gear
41: drive shaft
42: rotor
51: first shaft section
52: second shaft section
53: connecting section
54: cylindrical portion
55: center shaft portion
56: first clutch member (first clutch section)
57: second clutch member (second clutch sec-

tion)
58: roller (engaging element)
61: cylindrical roller bearing (clutch rolling bearing

section)
61a: inner ring (inner ring portion)
61b: cylindrical roller
73: connecting section
74: cylindrical portion
75: center shaft portion
76: first clutch member (first clutch section)
77: second clutch member (second clutch sec-

tion)
78: roller (engaging element)
81: cylindrical roller bearing (clutch rolling bearing

section)
90: sprag (engaging element)

Claims

1. A power generation device comprising:

a main shaft rotated by an external force;
a speed-up gear comprising a rotation transmis-
sion mechanism that increases a speed of rota-
tion of the main shaft, and an output gear that
outputs the rotation increased in speed by the
rotation transmission mechanism;
a high-speed shaft that is rotatable by receiving
a rotational force of the output gear;
a rolling bearing that rotatably supports the high-
speed shaft;
a power generator which comprises a drive shaft
that rotates by receiving rotation of the high-
speed shaft and a rotor that rotates integrally
with the drive shaft, and which generates electric
power in accordance with rotation of the rotor;
and
a one-way clutch which is disposed between the
output gear and the high-speed shaft, and in a
state where the main shaft is rotating in a positive
direction, integrally rotatably connects the out-
put gear and the high-speed shaft to each other
if a rotational speed of the output gear exceeds
a rotational speed of the high-speed shaft, and
breaks connection between the output gear and
the high-speed shaft if the rotational speed of
the output gear becomes lower than the rota-
tional speed of the high-speed shaft.

2. The power generation device according to claim 1,
wherein the output gear is a ring-shaped gear which
is provided coaxially with the high-speed shaft on an
outer circumferential side of the high-speed shaft
such that the one-way clutch is sandwiched by the
ring gear and the high-speed shaft, and
wherein the one-way clutch comprises a first clutch
section provided on an inner circumferential side of
the output gear and rotating integrally with the output
gear, a second clutch section rotating integrally with
the high-speed shaft, and an engaging element dis-
posed between the pair of clutch sections.

3. A power generation device comprising:

a main shaft rotated by an external force;
a speed-up gear comprising a rotation transmis-
sion mechanism that increases a speed of rota-
tion of the main shaft, and an output gear that
outputs the rotation increased in speed by the
rotation transmission mechanism;
a high-speed shaft that is rotatable by receiving
a rotational force of the output gear;
a rolling bearing that rotatably supports the high-
speed shaft; and
a power generator which comprises a drive shaft
that rotates by receiving rotation of the high-
speed shaft and a rotor that rotates integrally
with the drive shaft, and which generates electric
power in accordance with rotation of the rotor,

25 26 



EP 3 009 674 A1

15

5

10

15

20

25

30

35

40

45

50

55

wherein the high-speed shaft comprises a first
shaft section that rotates integrally with the out-
put gear, a second shaft section supported by
the rolling bearing, and a connecting section pro-
vided between the first shaft section and the sec-
ond shaft section, and
wherein the connecting section is a one-way
clutch, and in a state where the main shaft is
rotating in a positive direction, the one-way
clutch integrally rotatably connects the first shaft
section and the second shaft section to each
other if a rotational speed of the first shaft section
exceeds a rotational speed of the second shaft
section, and breaks connection between the first
shaft section and the second shaft section if the
rotational speed of the first shaft section be-
comes lower than the rotational speed of the
second shaft section.

4. The power generation device according to claim 3,
wherein one of the first shaft section and the second
shaft section comprises a cylindrical portion located
at a shaft end thereof, and the other of the first shaft
section and the second shaft section comprises a
center shaft portion located at a shaft end thereof
and disposed on a radially inner circumferential side
of the cylindrical portion, and
wherein the one-way clutch comprises a first clutch
section that is provided inside the cylindrical portion
and that rotates integrally with the cylindrical portion,
a second clutch section that rotates integrally with
the center shaft portion, and an engaging element
provided between the pair of clutch sections.

5. The power generation device according to claim 2
or 4,
wherein the one-way clutch further comprises a
clutch rolling bearing section that relatively rotatably
supports the first clutch section and the second
clutch section.

6. The power generation device according to claim 5,
wherein the clutch rolling bearing section comprises
an outer ring portion, an inner ring portion and a cy-
lindrical roller that is disposed between the outer ring
portion and the inner ring portion and that rolls on an
inner circumferential surface of the outer ring portion
and an outer circumferential surface of the inner ring
portion, and
wherein the first clutch section and the second clutch
section are relatively movable along an axial direc-
tion.

7. The power generation device according to claim 4,
wherein relative movement of the first clutch section
and the second clutch section along an axial direc-
tion is allowed, and a maximum allowable amount
of the relative movement is set to be larger than

amounts of movement along the axial direction of
the first shaft section and the second shaft section.

8. A rotating portion support structure for a power gen-
eration device, the power generation device com-
prising:

a speed-up gear comprising a rotation transmis-
sion mechanism that increases a speed of rota-
tion of a main shaft rotated by an external force,
and an output gear that outputs the rotation in-
creased in speed by the rotation transmission
mechanism; and
a power generator which comprises a drive shaft
that rotates by receiving an output from the
speed-up gear and a rotor that rotates integrally
with the drive shaft, and which generates electric
power in accordance with rotation of the rotor,
said rotating portion support structure compris-
ing:

a high-speed shaft that is rotatable by re-
ceiving a rotational force of the output gear
and that transmits the rotational force to the
drive shaft;
a rolling bearing that rotatably supports the
high-speed shaft; and
a one-way clutch that is provided between
the output gear and the high-speed shaft,
and in a state where the main shaft is rotat-
ing in a positive direction, integrally rotata-
bly connects the output gear and the high-
speed shaft to each other if a rotational
speed of the output gear exceeds a rota-
tional speed of the high-speed shaft, and
breaks connection between the output gear
and the high-speed shaft if the rotational
speed of the output gear becomes lower
than the rotational speed of the high-speed
shaft.

9. A rotating portion support structure for a power gen-
eration device, the power generation device com-
prising:

a speed-up gear comprising a rotation transmis-
sion mechanism that increases a speed of rota-
tion of a main shaft rotated by an external force,
and an output gear that outputs the rotation in-
creased in speed by the rotation transmission
mechanism; and
a power generator which comprises a drive shaft
that rotates by receiving an output from the
speed-up gear and a rotor that rotates integrally
with the drive shaft, and which generates electric
power in accordance with rotation of the rotor,
said rotating portion support structure compris-
ing:
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a high-speed shaft that is rotatable by re-
ceiving a rotational force of the output gear
and that transmits the rotational force to the
drive shaft; and
a rolling bearing that rotatably supports the
high-speed shaft,
wherein the high-speed shaft comprises a
first shaft section that rotates integrally with
the output gear, a second shaft section sup-
ported by the rolling bearing, and a connect-
ing section provided between the first shaft
section and the second shaft section, and
wherein the connecting section is a one-
way clutch, and in a state where the main
shaft is rotating in a positive direction, the
one-way clutch integrally rotatably con-
nects the first shaft section and the second
shaft section to each other if a rotational
speed of the first shaft section exceeds a
rotational speed of the second shaft section,
and breaks connection between the first
shaft section and the second shaft section
if the rotational speed of the first shaft sec-
tion becomes lower than the rotational
speed of the second shaft section.
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