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DESCRIPTION

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a driving device for a wind turbine that is installed in a
wind turbine and drives one structure to rotate relative to another structure in a movable
portion of the wind turbine.

Description of Related Art

[0002] Wind turbines that have conventionally been used as wind power generators include
those that are each provided with a nacelle that is rotatably installed on the top portion of a
tower and in which electricity generators and so on are disposed, and blades that are rotatably
installed on a hub (main shaft portion) provided on the nacelle. In such a wind turbine, yaw
driving devices, pitch driving devices, or the like are installed as driving devices for a wind
turbine that drive one structure to rotate relative to another structure in a movable portion of
the wind turbine. The yaw driving devices are configured to drive the nacelle, which is the one
structure, to rotate relative to the tower, which is the other structure, thus allowing the nacelle
to turn in accordance with the wind direction. The pitch driving devices are configured to drive
shaft portions of the blades, each of which is the one structure, to rotate relative to the hub on
the nacelle side, which is the other structure, thus enabling control of the pitch angles of the
blades.

[0003] JP 2001-289149A discloses a driving device for a wind turbine serving as a yaw driving
device that includes electric motors and pinions attached to output shafts of the electric motors
and outputting rotational driving forces and that rotationally drives the nacelle by causing the
pinions to mesh with a ring gear fixed to the top portion of the tower of the wind turbine. JP
2001-289149A also discloses a braking mechanism for stopping the output shafts of the
respective electric motors of two driving devices for a wind turbine by simultaneously driving
these electric motors in opposite rotation directions.

[0004] Also, the inventors of the present invention have devised a nacelle rotating mechanism
that is provided with a plurality of yaw driving devices and for rotating the nacelle relative to the
tower of a wind turbine as disclosed in International Publication W0/2010/047064.

[0005] EP 1 775 465 A2 describes a device for driving a first part of a wind energy turbine with
respect to a second part of the wind energy turbine. The device comprises a driving element
and a slip coupling, wherein the slip coupling is adjusted to slip if a torque acting on the slip
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coupling due to a movement force acting on the driving element exceeds a predetermined
maximum torque.

SUMMARY OF THE INVENTION

[0006] In the case of using the driving device for a wind turbine disclosed in JP 2001-
289149A, a rotational operation of the nacelle is caused by activation of a plurality of such
driving devices for a wind turbine that are installed. During operation of the braking
mechanism, the output shafts of the electric motors of the driving devices for a wind turbine are
stopped. In the case where external forces caused by the wind act on the nacelle of the wind
turbine (when external forces act on the one structure in a movable portion of the wind
turbine), if the braking mechanism is in the operating state, the forces will act on the driving
devices for a wind turbine in the state in which the output shafts of their electric motors are
stopped. If the nacelle is being rotated when external forces act on the nacelle, forces in the
direction opposite to the direction in which the nacelle is rotationally driven may act on the
driving devices for a wind turbine. At this time, if there is variation in the state of meshing
engagement between the pinions fixed to the output shafts of the electric motors and the
corresponding ring gears, a situation tends to arise in which the aforementioned external
forces intensively act on only one of the driving devices for a wind turbine. With the driving
device for a wind turbine disclosed in JP 2001-289149A, if external forces intensively act on
only one of the driving devices for a wind turbine, excessive external forces will act on that
driving device for a wind turbine, which raises the possibility that the driving device for a wind
turbine may be broken due to the occurrence of damage thereto, such as that makes
continuous use of the driving device difficult and requires replacement.

[0007] There is also another possibility that the output shaft of the electric motor of one driving
device for a wind turbine may be locked due to some sort of problem or that abnormality in the
control system or the like may inhibit disengagement of a brake on only one of the driving
devices for a wind turbine. If the output shaft of an electric motor is locked in this way,
excessive external forces will act on one of the driving devices for a wind turbine by the force of
the other driving devices for a wind turbine, causing such damage that makes continuous use
of the driving device difficult and requires replacement. If one of the driving devices for a wind
turbine is broken and its pinion cannot be rotated by even excessive external forces, this
means a loss of the yaw drive function of the wind power generator and accordingly a loss of
the function of generating electric power. While the case where the driving devices for a wind
turbine are provided as yaw driving devices has been described above, the same problem will
arise with driving devices for a wind turbine that are provided as pitch driving devices that drive
the shaft portions of the blades to rotate relative to the hub on the nacelle side.

[0008] From the viewpoint of providing a mechanism that is capable of solving the
aforementioned problems and for preventing breakage in a driving device for a wind turbine,
the inventors of the present invention have devised a nacelle rotating mechanism disclosed in
International Publication WQ/2010/047064. The nacelle rotating mechanism disclosed in



DK/EP 2574782 T3

International Publication W0O/2010/047064 is provided with a mechanism that is capable of,
even if excessive external forces act on one of a plurality of driving devices for a wind turbine
that are installed, preventing breakage in that driving device for a wind turbine. The
mechanism for preventing breakage in a driving device for a wind turbine in the
aforementioned nacelle rotating mechanism is provided in a driving force transmission path
that is a path through which a driving force is transmitted from the output shafts of the electric
motors to the pinions, and is configured as a cutaway portion serving as a disconnection
mechanism for disconnecting the driving force transmission path under the action of a torque
of a predetermined magnitude or more.

[0009] In order to improve the output torque and downsize the configuration, it is desirable, as
in the yaw driving device disclosed in International Publication W0O/2010/047064, that a speed
reduction portion that slows down and transmits a rotational driving force be provided between
the output shaft of an electric motor and the pinion. However, if the aforementioned cutaway
portion serving as a mechanism for preventing breakage in a driving device for a wind turbine
is provided in the driving force transmission path, there is a possibility that when the cutaway
portion serving as the disconnection mechanism is activated and has disconnected the path,
broken pieces generated by the disconnection may directly enter and intrude into the speed
reduction portion. These broken pieces may make scratches on slide faces of gears and on
rolling faces of bearings in the speed reduction portion, resulting in deterioration in durability
There is also another possibility that speed reduction portion may catch these broken pieces
and thereby stop rotating, resulting in a loss of the yaw drive function and breakage in the ring
gear. For this reason, in the case of replacing this cutaway portion after the activation of the
cutaway portion, the operation of checking whether or not there is an intrusion of broken
pieces into the speed reduction portion is necessary, which increases the burden on the
replacement operation. Accordingly, it is desirable, in the case of providing a mechanism for
preventing breakage in a driving device for a wind turbine, to realize a structure that is capable
of reducing troublesome maintenance operations such as the operation of checking whether or
not there is an intrusion of broken pieces into the speed reduction portion and the operation of
replacing the cutaway portion.

[0010] In view of the foregoing circumstances, it is an object of the present invention to
provide a driving device for a wind turbine that is configured such that even if excessive
external forces act on one of a plurality of driving devices for a wind turbine that are installed
and used, it is possible to prevent breakage in that driving device and to reduce troublesome
maintenance operations associated with the mechanism for preventing breakage.

[0011] In order to achieve the above-described object, a driving device for a wind turbine
according to a first aspect of the present invention includes the features of claim 1, according
to a second aspect includes the features of claim 4 and according to a third aspect includes the
features of claim 5.

[0012] In the case of installing and using a plurality of driving devices for a wind turbine in the
movable portion of the wind turbine, if external forces act on the second structure with there
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being variation in the state of meshing engagement between the pinions and the
corresponding ring gears during the rotation of the second structure relative to the first
structure or during a halt in rotation, the external forces will intensively act on one of the driving
devices for a wind turbine. In this case, with the driving device for a wind turbine according to
the present invention, when a torque of a predetermined magnitude or more acts on the
driving force transmission path, the operating state of the operation switching mechanism
switches from the linked state to the unlinked/released state. In the case of installing and using
a plurality of driving devices for a wind turbine, any of the driving devices for a wind turbine
may have an electric motor whose output shaft is locked due to the occurrence of a problem or
the like. In this case, according to the present invention, in the driving device for a wind turbine
in which the output shaft of the electric motor has been locked, a torque of a predetermined
magnitude or more will act on the driving force transmission path by the forces of the other
driving devices for the wind turbine, and accordingly the operating state of the operation
switching mechanism switches from the linked state to the unlinked/released state. In this way,
according to the present invention, the driving device for a wind turbine under the action of
excessive external forces will enter a state in which the operation switching mechanism
switches from the linked state to the unlinked/released state and accordingly the driving force
transmission path is unlinked so as to transmit no force. With the place that is disconnected by
the operation switching mechanism as a boundary, a portion on the pinion side that is coupled
to the pinion is driven so as to run at idle (turns free) relative to the portion on the electric
motor side. This prevents the occurrence of damage to the driving device for a wind turbine,
thus preventing breakage in the driving device for a wind turbine.

[0013] In the driving device for a wind turbine according to the present invention, the
operation switching mechanism that serves as a mechanism for preventing breakage in the
driving device for a wind turbine is provided as a mechanism that switches its operating state
between the linked state and the unlinked/released state depending on the magnitude of the
torque acting thereon. Thus, unlike the configuration as disclosed in International Publication
WQ/2010/047064 in which a cutaway portion is provided as a mechanism for preventing
breakage in a driving device for a wind turbine, broken pieces or the like will not be produced
at the place where the driving force transmission path is disconnected. Thus, there are no such
cases where broken pieces obtained by disconnection enter the speed reduction portion and
make scratches on slide faces of gears, thus causing deterioration in durability, and there is no
necessity for the operation itself of checking whether or not there is an intrusion of broken
pieces into the speed reduction portion. Furthermore, in the driving device for a wind turbine of
the present invention, after the operating state has switched to the unlinked/released state and
when the magnitude of the acting torque drops below the predetermined magnitude, the
operation switching mechanism can return to the linked state. Thus, unlike the configuration
provided with a cutaway portion as disclosed in International Publication W0O/2010/047064,
there is no necessity for the operation of replacing the mechanism for preventing breakage in a
driving device for a wind turbine. Accordingly, the number of troublesome maintenance
operations such as checking the inside of the speed reduction portion and replacing part of the
mechanism can also be reduced.
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[0014] Itis thus possible, according to this aspect of the present invention, to provide a driving
device for a wind turbine that is configured such that even if excessive external forces act on
one of a plurality of driving devices for a wind turbine that are installed and used, it is possible
to prevent breakage in that driving device and to reduce troublesome maintenance operations
associated with the mechanism for preventing breakage.

[0015] The driving device for a wind turbine is configured such that at least part of the speed
reduction portion includes a first speed reduction portion and a second speed reduction
portion, the first speed reduction portion being coupled to the input shaft and slowing down and
transmitting the rotational driving force that is input to the input shaft, and the second speed
reduction portion being coupled to the output portion, further slowing down and transmitting the
rotational driving force transmitted from the first speed reduction portion, and outputting the
rotational driving force to the output portion, and at least part of the operation switching
mechanism is provided in at least one of the output shaft, the input shaft, and the first speed
reduction portion that are in the driving force transmission path.

[0016] According to this aspect of the invention, since the operation switching mechanism is
provided in at least one of the output shaft of the electric motor, the input shaft, and the first
speed reduction portion, the operation switching mechanism is provided on the input side
where a low torque acts on the driving force transmission path. Thus, a small operation
switching mechanism can be realized with ease.

[0017] The driving device for a wind turbine according to the first and according to the third
aspect of the present invention is configured such that the first speed reduction portion is
provided as a planet gear speed reducer that includes a sun gear, a plurality of planet gears
that mesh with the sun gear and revolve around the sun gear while rotating on axes of the
planet gears, and a planet carrier that supports the planet gears such that the planet gears are
able to freely rotate on the axes of the planet gears and to freely revolve around the sun gear,
and at least part of the operation switching mechanism is provided in the first speed reduction
portion.

[0018] According to these aspects of the invention, since the operation switching mechanism
is provided in the first speed reduction portion that is provided as a planet gear speed reducer,
a small operation switching mechanism can be realized with ease on the input side where a
low torque acts on the speed reduction portion. Because the first speed reduction portion is
provided as a planet gear speed reducer that includes, for example, the sun gear, the planet
gears, and the planet carrier, these constituent elements can be compactly disposed in the
direction of a plane perpendicular to the axial direction of the input shaft. Accordingly, the
operation switching mechanism can be provided through efficient use of an area that is located
in the vicinity of the input shaft and extends in the direction of a plane perpendicular to the axial
direction of the input shaft, and the constituent elements disposed compactly in that area. It is
thus possible to increase the degree of freedom in the arrangement and structure of the
operation switching mechanism in the input-side area of the speed reduction portion.



DK/EP 2574782 T3

[0019] The driving device for a wind turbine according to the first and the second aspect of the
present invention is configured such that the operation switching mechanism includes a
planetary ring gear and a holding unit, the planetary ring gear being provided in the first speed
reduction portion and disposed around the planet gears so as to mesh with the planet gears,
and the holding unit rotatably holding the planetary ring gear in a state in which axial
movement of the planetary ring gear relative to a body is restricted, the body housing the input
shaft and the speed reduction portion, and when a torque of a predetermined magnitude or
more acts between the holding unit and the planetary ring gear, the operating state switches
from the linked state in which the rotation of the planetary ring gear relative to the holding unit
is restricted, to the unlinked/released state in which the planetary ring gear rotates relative to
the holding unit.

[0020] According to these aspects of the invention, since the operation switching mechanism
includes the planetary ring gear disposed around the planet gears, and the holding unit that
rotatably holds the planetary ring gear, the operation switching mechanism can be installed
through effective use of an annular area around the planet gear speed reducer. Accordingly,
the operation switching mechanism with a compact structure can be incorporated into the first
speed reduction portion provided as a planet gear speed reducer.

[0021] The driving device for a wind turbine according to the first aspect of the present
invention is configured such that the holding unit includes a retaining ring member that is fixed
to the body, has a ring shape, and holds the planetary ring gear along an outer circumference
of the planetary ring gear, a first engagement pin that is slidably disposed in the retaining ring
member and has a front end portion that can protrude through the retaining ring member
toward the planetary ring gear so that the first engagement pin is engaged with a first recessed
portion that is formed in the outer circumference of the planetary ring gear, and a first spring
member that is installed in at least either of the body and the retaining ring member and biases
the first engagement pin in a direction to cause the first engagement pin to protrude through
the retaining ring member toward the planetary ring gear.

[0022] According to this aspect of the invention, the structure that switches its operating state
between the linked state and the unlinked/released state depending on the magnitude of the
torque acting between the holding unit and the planetary ring gear can be realized with a
simple structure constituted by the retaining ring member, the first engagement pin, and the
first spring member.

[0023] A driving device for a wind turbine according to a fourth aspect of the present invention
is configured such that the driving device for a wind turbine of the first aspect further includes a
displacement sensor that detects displacement of the first engagement pin relative to the
retaining ring member, and a first controller that, when the displacement sensor detects that
the first engagement pin is moved to a position at which the first engagement pin is
disengaged from the first recessed portion, controls the braking mechanism such that the
breaking mechanism cancels the operation of stopping the output shaft, or controls the electric
motor such that an output torque of the electric motor is reduced.
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[0024] According to this aspect of the invention, when the operating state of the operation
switching mechanism switches to the unlinked/released state, i.e., when the first engagement
pin is disengaged and the planetary ring gear becomes rotatable relative to the retaining ring
member, the operation of stopping the output shaft by the braking mechanism is cancelled, or
the output torque of the electric motor is reduced. This suppresses an increase in the rotation
speed of the planetary ring gear relative to the retaining ring member and reduces the
occurrence of wear in the first engagement pin and the outer circumference of and the
planetary ring gear.

[0025] A driving device for a wind turbine according to a fifth aspect of the present invention is
configured such that the driving device for a wind turbine of the first aspect further includes a
second controller that, after the operating state of the operation switching mechanism has
switched to the unlinked/released state, controls driving of the electric motor such that the
planetary ring gear is rotated to a position at which the first engagement pin that is biased by
the first spring member is engaged with the first recessed portion.

[0026] According to this aspect of the invention, when the operating state of the operation
switching mechanism switches to the unlinked/released state, the electric motor is driven under
the control of the second controller so that the planetary ring gear is rotated to a position at
which the first engagement pin is engaged with the first recessed portion. Accordingly, after the
operating state of the operation switching mechanism has switched to the unlinked/released
state, it can quickly return to the linked state.

[0027] The driving device for a wind turbine according to the second aspect of the present
invention is configured such that the operation switching mechanism provided in the input shaft
includes a first tubular portion that has a tubular shape and is fixed to an outer circumference
of the output shaft, a second tubular portion that is disposed concentrically with the first tubular
portion with an inner circumference of the second tubular portion being in rotatably sliding
contact with an outer circumference of the first tubular portion, a second engagement pin that
is slidably disposed in the second tubular portion, has a front end portion that can protrude
through the second tubular portion toward the first tubular portion so that the second
engagement pin is engaged with a second recessed portion that is formed in the outer
circumference of the first tubular portion, and restricts rotation of the first tubular portion
relative to the second tubular portion, and a second spring member that is installed in the
second tubular portion and biases the second engagement pin in a direction to cause the
second engagement pin to protrude through the second tubular portion toward the first tubular
portion. The operation switching mechanism is configured such that, when a torque of a
predetermined magnitude or more acts between the first tubular portion and the second
tubular portion, the second engagement pin is disengaged from the second recessed portion,
and the operating state switches from the linked state in which the rotation of the first tubular
portion relative to the second tubular portion is restricted, to the unlinked/released state in
which the first tubular portion rotates relative to the second tubular portion.
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[0028] According to this aspect of the invention, the operation switching mechanism provided
in the input shaft is compactly constituted by the first and second tubular portions that are
concentrically and rotatably disposed relative to each other, and the second engagement pin
and the second spring member that are installed in the first and second tubular portions. Thus,
the operation switching mechanism can be easily incorporated into the input shaft.
Furthermore, the structure that switches its operating state between the linked state and the
unlinked/released state depending on the magnitude of the torque acting on the input shaft can
be realized with a simple structure constituted by the first tubular portion, the second tubular
portion, the second engagement pin, and the second spring member.

[0029] A driving device for a wind turbine according to the third aspect of the present invention
is configured such that the holding unit includes a third engagement pin that has a front end
portion that can protrude toward the planetary ring gear from the input shaft side to the output
portion side in a direction parallel to an axial direction of the planetary ring gear so that the
third engagement pin is engaged with a third recessed portion that is formed in an end face of
the planetary ring gear, and a biasing mechanism that is installed in the body and biases the
third engagement pin in a direction to cause the third engagement pin to protrude toward the
planetary ring gear.

[0030] According to this aspect of the invention, the third engagement pin biased by the
biasing mechanism installed inside the body protrudes parallel to the axial direction of the
planetary ring gear and is engaged with the end face of the planetary ring gear. Thus, the
structure that switches its operating state between the linked state and the unlinked/released
state depending on the magnitude of torque acting between the holding unit and the planetary
ring gear can be installed inside the body. This realizes the operation switching mechanism
that is free from leakage of lubricating oil contained in the body.

[0031] A driving device for a wind turbine according to a sixth aspect of the present invention
is configured such that, in the driving device for a wind turbine of the third aspect, a plurality of
the third engagement pins are provided, and the biasing mechanism includes a retaining plate
that holds the third engagement pins, and a single third spring member that causes the
retaining plate to protrude toward the planetary ring gear so that the third engagement pins are
biased in a direction to cause the third engagement pins to protrude toward the planetary ring
gear.

[0032] According to this aspect of the invention, the biasing mechanism biases the retaining
plate by a single third spring member and thereby biases the plurality of third engagement pins
toward the planetary ring gear via the retaining plate. Thus, the configuration can be simplified
as compared with the case where a plurality of spring members are provided in order to bias
the plurality of third engagement pins. In the case where a plurality of spring members are
provided for biasing the third engagement pins, complicated operations are necessary such as
adjusting biasing loads applied by the spring members for adjusting the third engagement pins,
and in addition, adjusting a balance between the spring members. In contrast, because only
the single third spring member is provided for biasing a plurality of third engagement pins, the
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operation of adjusting the biasing load applied by the third spring member is facilitated.

[0033] A driving device for a wind turbine according to an seventh aspect of the present
invention is configured such that, in the driving device for a wind turbine of the sixth aspect, the
third spring member is a ring-shaped spring member that is formed rising upward in a dish
shape.

[0034] In the case where the spring member that biases the third engagement pins is a coil
spring, it tends to be difficult to ensure a spring specification that enables a large biasing load
to be output with a coil spring that can be installed in a limited space in the body of the driving
device for a wind turbine. Thus, in the structure that switches its operating state between the
linked state and the unlinked/released state depending on the magnitude of the torque acting
between the holding unit and the planetary ring gear, the magnitude of a torque that can be set
as the above torque tends to be low. In contrast, according to the above aspect of the present
invention, the third spring member is a coned disc spring that is a ring-shaped spring member
formed rising upward in a dish shape. Thus, the third spring member with a spring specification
that enables a sufficiently large biasing load to be output can be installed in even the limited
space in the body. Accordingly, the predetermined magnitude of the torque with which the
operating state of the operation switching mechanism switches between the linked state and
the unlinked/released state can be set to a sufficiently large value.

[0035] It should be appreciated that the above and other objects, and features and
advantages of the present invention will become apparent from the following description taken
in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036]

FIG. 1 is a perspective view of a wind turbine to which a driving device for a wind turbine
according to a first embodiment of the present invention is applied.

FIG. 2 is an enlarged cross-sectional view of a movable portion of the wind turbine shown in
FIG. 1, the movable portion being a portion where a nacelle is rotatably installed on a tower.

FIG. 3 is a cross-sectional view of the driving device for a wind turbine according to the first
embodiment of the present invention, viewed from the front side.

FIG. 4 is an enlarged cross-sectional view of part of FIG. 3.
FIG. 5 is a cross-sectional view viewed from the position indicated by arrows A-A in FIG. 4.
FIG. 6 is cross-sectional view viewed from the position indicated by the arrows A-A in FIG. 4.

FIG. 7 is a cross-sectional view of a driving device for a wind turbine according to a second
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embodiment of the present invention, viewed from the front side.

FIG. 8 is an enlarged cross-sectional view of an input shaft of the driving device for a wind
turbine shown in FIG. 7.

FIG. 9 is a cross-sectional view viewed from the position indicated by arrows C-C in FIG. 8.

FIG. 10 is an enlarged cross-sectional view of part of a driving device for a wind turbine
according to a third embodiment of the present invention, viewed from the front side.

FIG. 11 is a cross-sectional view viewed from the position indicated by arrows D-D in FIG. 10.

DETAILED DESCRIPTION OF THE INVENTION

[0037] Hereinafter, embodiments for carrying out the present invention will be described with
reference to the accompanying drawings. A driving device for a wind turbine according to each
embodiment of the present invention can be widely used as a driving device for a wind turbine
that is installed in a wind turbine and drives one structure (second structure) to rotate relative
to another structure (first structure) in a movable portion of the wind turbine. In particular, the
driving device for a wind turbine according to each embodiment of the present invention can be
used as a yaw driving device that drives a nacelle to yaw and rotate relative to a tower of the
wind turbine, and a pitch driving device that drives shaft portions of blades to pitch and rotate
relative to a hub on the nacelle side. Note that although the following descriptions of the first to
third embodiments will take the example of the case in which the driving device for a wind
turbine is used as a yaw driving device, the present invention is not limited to this example and
is widely applicable to other driving devices for a wind turbine including a pitch driving device.

First Embodiment

[0038] FIG. 1 is a perspective view of a wind turbine 101 to which driving devices for a wind
turbine (wind turbine driving devices) 1 according to the first embodiment of the present
invention are applied. As shown in FIG. 1, the wind turbine 101 includes, for example, a tower
102, a nacelle 103, a hub 104 that forms a main shaft portion, and blades 105. The tower 102
is installed extending vertically upward from the ground, and the nacelle 103 is rotatably
installed on the top of the tower 102. The nacelle 103 is installed so as to be rotated (turned
around) in a horizontal plane by the wind turbine driving devices 1, which will be described
later, and a power transmission shaft, an electricity generator, and so on, which are not shown,
are disposed inside the nacelle 103. The hub 104 is coupled to the aforementioned power
transmission shaft and is rotatably provided on the nacelle 103. Multiple (in this embodiment,
three) blades 105 are attached to the hub 104, extending radially at equiangular intervals. Note
that the blades 105 are installed on a shaft portion provided in the hub 104 so as to be
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rotatable relative to the hub 104 centered on the axis of the shaft portion. The blades 105 are
configured to change their pitch angles by being rotationally driven by a pitch driving device,
which is not shown.

[0039] FIG. 2 is an enlarged cross-sectional view of a movable portion 110 of the wind turbine
101 where the nacelle 103 is rotatably installed on the tower 102. Note that FIG. 2 is not a
cross-sectional view of the wind turbine driving device 1, but a full view thereof. The nacelle
103 is rotatably installed at its bottom portion 103a on the top portion of the tower 102 via a
bearing 106. A ring gear 107 having internal teeth on its inner circumference is fixed to the top
portion of the tower 102 (in FIG. 2, the internal teeth of the ring gear 107 are not shown). Note
that the teeth of the ring gear 107 do not necessarily have to be provided on the inner
circumference of the ring gear 107 and may be provided on the outer circumference thereof.

[0040] In the nacelle 103, multiple wind turbine driving devices 1 are disposed with their
bodies 11 fixed to the bottom portion 103a. Electric motors 12 are fixed respectively to the
bodies 12. The wind turbine driving devices 1 are disposed such that their output pinions 13
project downward from holes formed in the bottom portion 103a of the nacelle 103 and mesh
with the ring gear 107 (in FIG. 2, the pinions 13 are shown schematically). The wind turbine
driving devices 1 are disposed at multiple (e.g., four) locations in the inner circumferential
direction of the ring gear 107. By installing the wind turbine driving devices 1 in the movable
portion 110 as described above, the pinions 13 in the present embodiment are configured to
mesh with the ring gear 107 fixed to the tower 102, which is the first structure in the movable
portion 110. The electric motors 12 are each fixed to the nacelle 103, which is the second
structure, that is rotatably installed on the first structure in the movable portion 110 (i.e., the
electric motors 12 are fixed to the nacelle 103 via the bodies 11).

[0041] Next is a detailed description of the wind turbine driving devices 1 according to
Embodiment 1 of the present invention. FIG. 3 is a cross-sectional view of a wind turbine
driving device 1, viewed from the front side. The wind turbine driving devices 1 shown in FIGS.
2 and 3 are provided as yaw driving devices that cause the nacelle 103 to rotate relative to the
tower 102 as described above. The wind turbine driving devices 1 each include, for example,
the body 11, the electric motor 12, the pinion 13, an output shaft 14, a braking mechanism 15,
an input shaft 16, a speed reduction portion 17, an output portion 18, an operation switching
mechanism 19, and a controller 20. Note that the illustration of the controller 20 of the wind
turbine driving device 1 has been omitted in FIG. 3.

[0042] As shown in FIGS. 2 and 3, the wind turbine driving devices 1 are each configured
such that the electric motor 12 is fixedly attached to the body 11 on one end side located on
the upper side, and the output portion 18 is disposed projecting from the body 11 on the other
end side located on the lower side. The pinion 13 is fixed to one end of the output portion 18.
The wind turbine driving devices 1 rotate the nacelle 103 by slowing down and transmitting
rotational driving forces that are input from the electric motors 12 to the pinions 13 and rotating
these pinions 13 that are in meshing engagement with the ring gear 107. Note that in the
following description, the input side of the wind turbine driving devices 1 on which the electric
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motors 12 are attached to is referred to as a "first end side", and the output side thereof on
which the pinions 13 are disposed is referred to as a "second end side" (the same applies to
the description of the second and third embodiments).

[0043] The output shaft 14 is provided as an output shaft portion of the electric motor 12 that
outputs a rotational driving force of the electric motor 12. The input shaft 16, which will be
described later, is provided as a shaft member that is coupled to the output shaft 14 and
receives input of a rotational driving force from the electric motor 12. The braking mechanism
15 is attached to the electric motor 12 and serves as a friction brake for stopping the output
shaft 14.

[0044] FIG. 4 is an enlarged cross-sectional view of part of FIG. 3, illustrating part of the input
shaft 16 and the speed reduction portion 17. FIG. 5 is a cross-sectional view viewed from the
position indicated by arrows A-A in FIG. 4. Note that the internal cross section of the body 11
shown in FIGS. 3 and 4 correspond to a cross section viewed from the position indicated by
arrows B-B in FIG. 5. As shown in FIGS. 3 to 5, the input shaft 16 is coupled to the output shaft
14 and configured to transmit a rotational driving force to the speed reduction portion 17.

[0045] The input shaft 16 has a tubular portion provided with a coupling hole 21 that is open
to the first end side and in which the end portion of the output shaft 14 on the second end side
is inserted. The coupling hole 21 has a keyway formed therein. The input shaft 16 and the end
portion of the output shaft 14 that is inserted and fitted into the coupling hole 21 are fixedly
coupled to each other by a key coupling via a key 37 that is fitted in the keyway The input shaft
16 is integrally formed with a sun gear 26 of a planet gear speed reducer 17a of the speed
reduction portion 17, which will be described later, on the second end side opposite the first
end side on which the coupling hole 21 is provided. This configuration allows the input shaft 16
to transmit a rotational driving force to the planet gear speed reducer 17a.

[0046] The body 11 includes a case 11a that houses the input shaft 16 and the speed
reduction portion 17, and a cover 11b. Note that the output shaft 14, the input shaft 16, the
speed reduction portion 17, and the output portion 18 are disposed in series in a direction
along a rotation center line P (indicated by the dashed dotted line in FIG. 3) of the wind turbine
driving device 1 inside the body 11. The interior of the body 11 in which the speed reduction
portion 17 is disposed is hermetically sealed from the outside, and lubricating oil is sealed
therein.

[0047] The case 11a has a tubular shape with their ends both open, with the opening of the
case 11a on the first end side being covered with the cover 11b, and the output portion 18
projecting from the opening on the second end side. Output seal members (22, 23) are
attached to the inner circumference of the case 11a on the second end side. The output-side
sealing members (22, 23) have such a ring shape that their lip portions are in sliding contact
with the output portion 18 and a ring-shaped member attached therearound and thereby seal
the lubricating oil in the body 11. In FIG. 3, an illustration of the lubricating oil in the body 11
has been omitted. Also, a bearing 24 is attached to the inner circumference of the end portion
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of the case 11a on the second end side, and the output portion 18 is rotatably held on the case
11a via the bearing 24.

[0048] The cover 11b has a tubular shape and is configured such that its diameter is reduced
in a stepped manner in a direction from the second end side to the first end side. The end
portion of the cover 11b on the second end side is fixed with bolts to the end portion of the
case 11a on the first end side so as to cover the opening of the case 11a on the first end side.
The cover 11b also has a disc-shaped portion on its first end side, the disc-shaped portion
being provided with a through hole that is formed in the center and in which the output shaft 14
is inserted and disposed. The electric motor 12 is fixed to this disc-shaped portion. Note that
an input-side sealing member 25 that has a ring shape and seals the lubricating oil in the body
11 is attached to the inner circumference of the through hole formed in the aforementioned
disc-shaped portion. This input-side sealing member 25 is disposed such that its lip portion on
the inner circumference is in sliding contact with the outer circumference of a coupling portion
16a of the input shaft 16.

[0049] The speed reduction portion 17 shown in FIG. 3 to 5 is coupled to the input shaft 16
and the output portion 18, and configured to slow down and transmit a rotational driving force
that is input from the input shaft 16 and to output the rotational driving force to the output
portion 18 to which the pinion 13 is fixed. Note that the pinion 13 is attached to the end of the
output portion 18 on the second end side via a spline coupling and is fixed to the output portion
18 with, for example, a fixing mechanism (not shown) that includes a ring nut in threaded
engagement with the end of the output portion 18.

[0050] The speed reduction portion 17 may be configured as, for example, a spur gear speed
reducer, a planet gear speed reducer, an eccentric speed reducer, or a speed reducer
configured by any combination of these speed reducers. In the present embodiment, the
speed reduction portion 17 is configured as a mechanism that includes a planet gear speed
reducer 17a that receives input of a rotational driving force from the input shaft 16, a spur gear
17b that receives input of a rotational driving force from the planet gear speed reducer 17a,
and an eccentric speed reducer 17c¢ that receives input of a rotational driving force from the
spur gear 17b and outputs the rotational driving force to the output portion 18. In FIG. 3, the
eccentric speed reducer 17c is indicated by broken lines, and a detailed illustration thereof has
been omitted.

[0051] The planet gear speed reducer 17a constitutes a first speed reduction portion of the
present embodiment that is coupled to the input shaft 16 and slows down and transmits the
rotational driving force that is input to the input shaft 16. The spur gear 17b and the eccentric
speed reducer 17c¢ constitute a second speed reduction portion of the present embodiment
that is coupled to the output portion 18, further slows down and transmits the rotational driving
force transmitted from the planet gear speed reducer 17a, which is the first speed reduction
portion, and outputs the rotational driving force to the output portion 18. Note that the eccentric
speed reducer 17c¢, which is not illustrated in detail, includes a crankshaft, an external tooth
gear, and a carrier.
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[0052] The planet gear speed reducer 17a includes, for example, the sun gear 26, planet
gears 27, a planet carrier 28, a planetary ring gear 29, and an output gear 35. The sun gear
26 is provided as a spur gear portion disposed on the rotation center line P of the wind turbine
driving device 1 and is integrally formed with the input shaft 16 on the second end side of the
input shaft 16 as described above. Multiple planet gears 27 are provided as spur gears around
the sun gear 26 at equiangular intervals in the circumferential direction of the sun gear 26. The
planet gears 27 are disposed so as to revolve around the sun gear 26 while rotating on their
axes in meshing engagement with the sun gear 26.

[0053] The planet carrier 28 is provided with multiple shaft portions 28a, the shaft portions
28a supporting the respective corresponding planet gears 27 so that the planet gears 27 can
freely rotate on their axes. The planet carrier 28 that is integrally formed with the shaft portions
28a is also configured to support the planet gears 27 such that the planet gears 27 can freely
revolve around the sun gear 26. The output gear 35 is provided as a shaft gear member and
disposed on the rotation center line P. The output gear 35 is provided with spline teeth on its
first end side, the spline teeth being fitted in a spline groove provided on the inner
circumference of the planet carrier 28, and a gear portion on its second end side, the gear
portion meshing with the spur gear 17b.

[0054] The planetary ring gear 29 is provided as a ring-shaped gear member with teeth on its
inner circumference, disposed around the planet gears 27, and configured such that its teeth
on the inner circumference mesh with the respective corresponding teeth of the planet gears
27. The planetary ring gear 29 provided in the planet gear mechanism 17a, which is the first
speed reduction portion, is also configured as a constituent element of the operation switching
mechanism 19, which will be described later.

[0055] The operation switching mechanism 19 is provided in a driving force transmission path
that is a path through which a driving force is transmitted from the output shaft 14 to the pinion
13, and is provided as a mechanism that switches its operating state depending on the
magnitude of the torque acting thereon. The operation switching mechanism 19 includes the
planetary ring gear 29 and a holding unit 30 that rotatably holds the planetary ring gear 29 in a
state in which axial movement of the planetary ring gear 29 (movement in the direction parallel
to the rotation center line P) relative to the body 11 is restricted. In the present embodiment,
the operation switching mechanism 19 is configured such that the planetary ring gear 29
constituting part of the operation switching mechanism 19 is provided in the planet gear speed
reducer 17a, which is the first speed reduction portion, in the driving force transmission path.

[0056] The holding unit 30 includes a retaining ring member 31, engagement pins 32, and
spring members 33. The retaining ring member 31 is a ring-shaped member and is fixed with
bolts to a stepped diameter reducing portion of the inner circumference of the cover 11b of the
body 11. The retaining ring member 31 is configured to be capable of coming into sliding
contact with the outer circumference of the planetary ring gear 29 with its inner circumference
and to hold the planetary ring gear 29 along the outer circumference of the planetary ring gear
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29. Note that the retaining ring member 31 has a flange portion that is locked against the
planetary ring gear 29, at its inner circumferential edge on the second end side. With this
configuration, the planetary ring gear 29 is held between the flange portion of the retaining ring
member 31 that is fixed with bolts to the cover 11b and the inner wall of the cover 11b, and
accordingly, the axial movement of the planetary ring gear 29 relative to the body 11 is
restricted.

[0057] The engagement pins 32 are pin-shaped members, each having a cylindrical body
portion, with their front end portions having a hemispherical shape and their other end portions
having a flanged flat end face. Note that multiple engagement pins 32 that are provided
constitute a first engagement pin of the present embodiment. The engagement pins 32 are
each slidably disposed in the retaining ring member 31, with their front end portions inwardly
penetrating through the through holes formed in the retaining ring member 31. These
engagement pins 32 are configured such that their front end portions protrude through the
retaining ring member 31 toward the planetary ring gear 29 so as to be engaged with recessed
portions 29a formed in the outer circumference of the planetary ring gear 29.

[0058] The multiple recessed portions 29a formed in the outer circumference of the planetary
ring gear 29 correspond respectively to the engagement pins 32 and constitute a first recessed
portion of the present embodiment. The recessed portions 29a are recessed openings each
having a shape that corresponds to the shape of the front end portion of the engagement pin
32. Note that while the present embodiment takes the example of the configuration in which
multiple engagement pins 32 and multiple recessed portions 29a are provided and disposed at
equiangular intervals in the circumferential direction of the retaining ring member 31 and the
planetary ring gear 29, this does not need to be the case. Alternatively, only a single
engagement pin 32 and a single recessed portion 29a may be provided, or even if multiple
engagement pins 32 and multiple recessed portions 29a are provided, they do not necessarily
have to be disposed at equiangular intervals in the circumferential direction of the retaining ring
member 31 and the planetary ring gear 29. As another alternative, the number of recessed
portions 29a may be greater than that of engagement pins 32.

[0059] The spring members 33 are coil springs, for example, and the multiple spring members
33 that are provided constitute a first spring member of the present embodiment. The spring
members 33 are installed in their elastically-deformed and compressed state in multiple spring
chambers that are hole-like spatial domains in the cover 11b of the body 11. The spring
members 33 are also disposed such that their one end portions are supported by lid members
36 that are fixed to the cover 11b so as to close the spring chambers from the outside, and
their other end portions abut on the flanged flat end faces of the engagement pins 32. With this
configuration, the spring members 33 bias the engagement pins 32 in a direction to protrude
through the retaining ring member 31 toward the planetary ring gear 29 in the radial direction
of the retaining ring member 31 and the planetary ring gear 29.

[0060] Note that the cover 11b is further provided with through holes that allow the through
holes formed in the retaining ring member 31 and the spring chambers to communicate with
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each other and in which the body portions of the engagement pins 32 are slidably disposed.
The through holes of the cover 11b that communicate with the spring chambers are formed so
as to have a reducing diameter in a direction toward the spring chambers and to be locked to
the flanged end portions of the engagement pins 32 at the end portions that communicate with
the spring chambers. With this configuration, the amount of protrusion of the engagement pins
32 from the retaining ring member 31 is restricted. Note that while the present embodiment
takes the example of the configuration in which the spring members 33 are disposed in the
body 11, this does not need to be the case, and it is sufficient for the spring members 33 to be
disposed in at least either of the body 11 and the retaining ring member 31.

[0061] When the above-described operation switching mechanism 19 is in a state in which the
front end portions of the engagement pins 32 biased by the spring members 33 protrude
toward the planetary ring gear 29 and are in engagement with the recessed portions 29a, the
planetary ring gear 29 is linked with the retaining ring member 31. In other words, the
engagement of the front ends of the engagement pins 32, which protrude through the retaining
ring member 31, with the planetary ring gear 29 limits the rotation of the planetary ring gear 29
relative to the holding unit 30, and the operating state of the operation switching mechanism 19
is a linked state in which the driving force transmission path is linked.

[0062] During operation of the wind turbine driving device 1, the magnitude of the torque
acting between the holding unit 30 and the planetary ring gear 29 is balanced, and a load from
the recessed portions 29a in the form of recessed openings of the planetary ring gear 29 acts
on the hemispherical front end portions of the engagement pins 32. Then, when a torque of a
predetermined magnitude or more acts between the holding unit 30 and the planetary ring
gear 29, the engagement pins 32 are biased against the spring forces of the spring members
33 toward the cover 11b to positions at which the engagement pins 32 are disengaged from
the recessed portions 29a, due to the load acting on the end portions of the engagement pins
32 from the recessed portions 29a.

[0063] FIG. 6 is a cross-sectional view viewed from the position indicated by the arrows A-Ain
FIG. 4, like FIG. 5, illustrating a state in which the engagement pins 32 are disengaged from
the recessed portions 29a. As shown in FIG. 6, if the engagement pins 32 are disengaged
from the recessed portions 29a, the planetary ring gear 29 becomes rotatable relative to the
retaining ring member 31 of the holding unit 30, and the operating state of the operation
switching mechanism 19 switches from the aforementioned linked state to an
unlinked/released state in which the driving force transmission path is unlinked and released.
Note that the magnitude of the torque with which the engagement pins 32 are disengaged from
the recessed portions 29a can be set to various levels by appropriately selecting the
specifications of the spring member 33 or the like.

[0064] Once the operating state of the operation switching mechanism 19 has switched to the
above unlinked/released state, it remains in the unlinked/released state as long as the torque
acting between the holding unit 30 and the planetary ring gear 29 is the aforementioned
predetermined magnitude or more. Specifically, even if the rotation of the planetary ring gear
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29 causes the recessed portions 29a to reach the positions facing the engagement pins 32
and thereby causes the engagement pins 32 to protrude once by the spring forces of the
spring members 33, the operating switching mechanism 19 will again operate in the same
manner as described above, and accordingly, the engagement pins 32 will be disengaged from
the recessed portions 29a.

[0065] However, if the magnitude of the torque acting on the operation switching mechanism
19 drops below the predetermined magnitude after the operation state of the operation
switching mechanism 19 has switched to the unlinked/released state, the operating state of the
operation switching mechanism 19 can return to the linked state. That is, in this case, when the
rotation of the planetary ring gear 29 causes the recessed portions 29a to reach the positions
facing the engagement pins 32, the front end portions of the engagement pins 32 that protrude
by the spring forces of the spring members 33 are brought into engagement with the recessed
portions 29a, and this engagement state is maintained without being disengaged. Accordingly,
the operating state of the operation switching mechanism 19 returns to the linked state.

[0066] The wind turbine driving device 1 is also provided with a displacement sensor 34 as
shown in FIGS. 5 and 6. The displacement sensor 34 is a sensor that detects displacement of
an engagement pin 32 relative to the retaining ring member 31 and is configured as, for
example, a noncontact detection type proximity sensor. Note that the displacement sensor 34
can be any kind of sensors that detect displacement of an engagement pin 32 relative to the
retaining ring member 31 and may be configured as a sensor other than a proximity sensor,
such as a contact detection type limit switch. While the present embodiment illustrates the
configuration in which the displacement sensor 34 is provided corresponding to one of the
engagement pins 32 as an example, this does not need to be the case, and multiple
displacement sensors 34 may be provided corresponding to multiple engagement pins 32.

[0067] The controllers 20 shown in FIG. 2 are each configured as a control device that
outputs command signals to driving devices for driving the braking mechanism 15 and the
electric motor 12 and controls actuation of the braking mechanism 15 and the electric motor
12. The controller 20 includes, for example, a central processing unit (CPU), a memory, and an
interface, which are not shown, and is further configured to receive a detection signal from the
displacement sensor 34.

[0068] The controller 20 constitutes a first controller of the present embodiment. The
controller 20 is configured to, when the displacement sensor 34 has detected that the
engagement pin 32 has moved to a position at which the engagement pin 32 is disengaged
from the recessed portion 29a, output a command signal for cancelling the operation of the
braking mechanism 15 stopping the output shaft 14 to the driving device of the braking
mechanism 15. Alternatively, the controller 20 is configured to, when the displacement sensor
34 has detected that the engagement pin 32 has moved to a position at which the engagement
pin 32 is disengaged, output a command signal for reducing the output torque of the electric
motor 12 to the driving device of the electric motor 12. In this way, the controller 20 is
configured to, when the operating state of the operation switching mechanism 19 has switched
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from the linked state to the unlinked/released state, either control the braking mechanism 15
such that the operation of the braking mechanism 15 stopping output shaft 14 is cancelled, or
control the electric motor 12 such that the output torque of the electric motor 12 is reduced.
Note that, in the case where the output torque of the electric motor 12 is reduced when the
operation state of the operation switching mechanism 19 has switched from the linked state to
the unlinked/released state, the controller 20 may be configured to reduce the output torque of
the electric motor 12 to zero.

[0069] The controller 20 also constitutes a second controller of the present embodiment. The
controller 20 is configured to, for example, when a predetermined period of time has elapsed
after the operating state of the operation switching mechanism 19 has switched to the
unlinked/released state, control driving of the electric motor 12 such that the planetary ring
gear 29 is rotated to a position at which the engagement pins 32 biased by the spring
members 33 can be engaged with the recessed portions 29a. This allows the operating state
of the operation switching mechanism 19 to speedily return to the linked state after it has
switched to the unlinked/released state. Note that in the case where the electric motor 12 is
driven so as to enable the return to the linked state as described above, the controller 20 is
configured to, for example, drive the electric motor 12 at a low speed.

[0070] The above-described wind turbine driving device 1 is actuated by, for example, the
controller 20 issuing a turning instruction to turn the direction of the nacelle 103 in accordance
with the wind direction based on the result of detection by a wind vane (not shown) and
thereby causing the electric motors 12 to operate. When the operation of each electric motor
12 is started, a rotational driving force is input from the output shaft 14 to the input shaft 16
and is transmitted from the input shaft 16 to the speed reduction portion 17. The speed
reduction portion 17 then slows down and transmits the rotational driving force, and thereby
the output portion 18 rotates and a high torque is output from the pinion 13 fixed to the output
portion 18. The rotation with the pinions 13 of the wind turbine driving devices 1 in meshing
engagement with the ring gear 107 causes the rotational operation of the nacelle 103 to which
the multiple wind turbine driving devices 1 are attached. When the nacelle 103 is rotated to the
desired stop position, the operations of the electric motors 12 are stopped and the braking
mechanisms 15 are activated based on the instruction from the controller 20, as a result of
which the nacelle 103 is stopped.

[0071] In the case where external forces caused by the wind act on the nacelle 103 during the
halt in the rotation of the nacelle 103, they will act on the wind turbine driving devices 1 in
which the output shafts 14 are stopped by the braking mechanisms 15. In the case where
external forces caused by the wind act on the nacelle 103 that is being rotated, reverse forces
may act on the wind turbine driving devices 1. At this time, if there is variation in meshing
engagement between each of the pinions 13 of the wind turbine driving devices 1 and the ring
gear 107 and excessive external forces intensively act on only one of the wind turbine driving
devices 1, a torque of a predetermined magnitude or more will act on the operation switching
mechanism 19 provided in the driving force transmission path of that wind turbine driving
device. In this case, as described above, the operating state of the operation switching
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mechanism 19 switches from the linked state to the unlinked/released state. Accordingly, in the
wind turbine driving device 1, the driving force transmission path is unlinked and released in
the operation switching mechanism 19 and all constituent elements are protected without any
damage to the wind turbine driving devices 1. When the magnitude of the torque acting on the
operation switching mechanism 19 drops below the predetermined magnitude, the operating
state of the operation switching mechanism 19 returns to the linked state and the normal
operation continues as is.

[0072] Also, in the case where the output shaft 14 of one of the wind turbine driving devices 1
is locked due to some problems in the electric motor 12 thereof or abnormality in the control
system or the like, the torque for the other wind turbine driving devices 1 rotating the ring gear
103 will be concentrated on the one wind turbine driving device 1, and as a result, a torque of a
predetermined magnitude or more will act on the operation switching mechanism 19 of that
wind turbine driving device 1. In this case as well, the operating state of the operation switching
mechanism 19 switches from the linked state to the unlinked/released state. Thus, as in the
above-described case, in that wind turbine driving device 1, the driving force transmission path
is unlinked and released in the operation switching mechanism 19, and all constituent elements
are protected without any damage to the wind turbine driving device 1.

[0073] With the wind turbine driving devices 1 described above, in the case of installing and
using multiple wind turbine driving devices 1 in the movable portion 110 of the wind turbine
101, if external forces act on the nacelle 103 with there being variation in the state of meshing
engagement between each pinion 13 and the ring gear 107 during the rotational operation of
the nacelle 103 (second structure) relative to the tower 102 (first structure) or during a halt in
the rotational operation, these external forces will intensively act on only one of the wind
turbine driving devices 1. In this case, in the wind turbine driving device 1, if a torque of a
predetermined magnitude or more acts on the driving force transmission path, the operating
state of the operation switching mechanism 19 switches from the linked state to the
unlinked/released state. There are also cases where, when multiple wind turbine driving
devices 1 are installed and used, the output shaft 14 of the electric motor 12 of any of the wind
turbine driving devices 1 may be locked due to the occurrence of problems or the like. In this
case, according to the present embodiment, in the wind turbine driving device 1 in which the
output shaft 14 of the electric motor 12 has been locked, a torque of a predetermined
magnitude or more will act on the driving force transmission path by the forces of the other
wind turbine driving devices 1, and accordingly, the operating state of the operation switching
mechanism 19 switches from the linked state to the unlinked/released state. In this way,
according to the present embodiment, the wind turbine driving device 1 that is under the action
of excessive external forces enters a state in which the operating state of the operation
switching mechanism 19 switches from the linked state to the unlinked/released state and the
driving force transmission path is unlinked so as to transmit no force. With the place that is
disconnected by the operation switching mechanism 19 as a boundary, the portion on the
pinion side that is coupled to the pinion 13 is driven so as to run at idle (turns free) relative to
the portion on the electric motor 12 side. This prevents the occurrence of damage to the wind
turbine driving device 1, thus preventing breakage in the wind turbine driving device 1.
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[0074] In the present embodiment, the operation switching mechanism 19 serving as a
mechanism for preventing breakage in a wind turbine driving device 1 is provided as a
mechanism for switching its operating state between the linked state and the unlinked/released
state depending on the magnitude of the torque acting thereon. Thus, unlike the configuration
disclosed in International Publication WQO/2010/047064 in which the cutaway portion is
provided as a mechanism for preventing breakage in a wind turbine driving device 1, broken
pieces or the like will not be produced at the place where the driving force transmission path is
disconnected. This avoids a situation in which broken pieces generated by such disconnection
will enter the speed reduction portion 17 and make scratches on slide faces of gears, causing
deterioration in durability, and eliminates the necessity for the operation itself of checking
whether or not there is entry of broken pieces in the speed reduction portion 17. In the wind
turbine driving device 1, the operating switching mechanism 19 is configured such that its
operating state can return to the linked state when the magnitude of the torque acting on the
operation switching mechanism 19 drops below a predetermined magnitude after the operating
state has switched to the unlinked/released state. Thus, unlike the configuration provided with
the cutaway portion as disclosed in International Publication W0/2010/047064, the operation of
replacing a mechanism for preventing breakage in the wind turbine driving device 1 is also
unnecessary. Accordingly, the number of troublesome maintenance operations such as
checking the inside of the speed reduction portion 17 and replacing part of the mechanism can
also be reduced.

[0075] It is thus possible, according to the present embodiment, to provide a wind turbine
driving device 1 that, even if excessive external forces act on one of multiple wind turbine
driving devices 1 that are installed and used, can prevent breakage in that wind turbine driving
device 1 and reduce the number of troublesome maintenance operations associated with the
mechanism for preventing breakage.

[0076] Because the operation switching mechanism 19 is provided in the first speed reduction
portion provided as the planet gear speed reducer 17a, the wind turbine driving device 1 can
easily realize a small operation switching mechanism 19 on the input side of the speed
reduction portion 17 where a low torque acts. Also, because the first speed reduction portion is
provided as the planet gear speed reducer 17a that includes, for example, the sun gear 26, the
planet gears 27, and the planet carrier 28, the constituent elements can be compactly
disposed in the direction of a plane perpendicular to the axial direction of the input shaft 16.
Accordingly, the operation switching mechanism 19 can be installed through effective use of an
area that is located in the vicinity of the input shaft 16 and extends in the planar direction
perpendicular to the axial direction of the input shaft 16, and the constituent elements that are
compactly disposed in that area. This increases the degree of freedom in the disposition and
structure of the operation switching mechanism in the input side area of the speed reduction
portion 17.

[0077] Furthermore, with the wind turbine driving device 1, since the operation switching
mechanism 19 includes the planetary ring gear 29 disposed around the planet gears 27 and
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the holding unit 30 that rotatably holds the planetary ring gear 29, the operation switching
mechanism 19 can be installed through effective use of an annular area around the planet
gear speed reducer 17a. Accordingly, the operation switching mechanism 19 with a compact
structure can be incorporated into the first speed reduction portion provided as the planet gear
speed reducer 17a.

[0078] Furthermore, with the wind turbine driving device 1, the structure that switches the
operating state between the linked state and the unlinked/released state depending on the
magnitude of the torque acting between the holding unit 30 and the planetary ring gear 29 can
be realized with a simple structure constituted by the retaining ring member 31, the
engagement pins 32, and the spring members 33.

[0079] Moreover, with the wind turbine driving device 1, when the operating state of the
operation switching mechanism 19 has switched to the unlinked/released state, i.e., when the
engagement pins 32 are disengaged and the planetary ring gear 29 becomes rotatable relative
to the retaining ring member 31, either the operation of the braking mechanism 15 stopping
the output shaft 14 is cancelled or the output torque of the electric motor 12 is reduced. It is
thus possible to suppress an increase in the rotational speed of the planetary ring gear 29
relative to the retaining ring member 31 and to thereby reduce the occurrence of wear in the
engagement pins 32 and the outer circumference of the planetary ring gear 29.

[0080] Furthermore, with the wind turbine driving device 1, when the operating state of the
operation switching mechanism 19 has switched to the unlinked/released state, the electric
motor 12 is driven under the control of the controller 20, and as a result, the planetary ring
gear 29 is rotated to a position at which the engagement pins 32 can be engaged with the
recessed portions 29a. This allows the operating state of the operation switching mechanism
19 to speedily return to the linked state after the operating state of the operation switching
mechanism 19 has switched to the unlinked/released state.

Second Embodiment

[0081] Next, the second embodiment of the present invention will be described. FIG. 7 is a
cross-sectional view of a wind turbine driving device 2 according to the second embodiment,
viewed from the front side. Like the wind turbine driving device 1 of the first embodiment, the
wind turbine driving device 2 shown in FIG. 7 is provided as a yaw driving device and includes,
for example, a body 11, an electric motor 12, a pinion 13, an output shaft 14, a braking
mechanism 15, an input shaft 42, a speed reduction portion 17, an output portion 18, an
operation switching mechanism 43, and a controller 20. Note that the illustration of the
controller 20 in the wind turbine driving device 2 has been omitted from FIG. 7. The wind
turbine driving device 2 differs from that of the first embodiment in the configurations of the
input shaft 42 and the operation switching mechanism 43. In the description of the present
embodiment, constituent elements that are the same as those of the first embodiment are
denoted or cited by the same reference numerals in the drawings and a description thereof
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has been omitted. The following description mainly focuses on differences in configuration from
the first embodiment.

[0082] In the wind turbine driving device 2, the operation switching mechanism 43 that is
provided in the driving force transmission path is provided not in a planet gear speed reducer
17a of the speed reduction portion 17 but in the input shaft 42 that is coupled to the output
shaft 14 and receives input of a rotational driving force from the electric motor 12. Note that
because the planet gear speed reducer 17a of the wind turbine driving device 2 is not provided
with an operation switching mechanism, the configuration of a planetary ring gear 41 that is
disposed around multiple planet gears 27 with its inner peripheral teeth being meshed with the
planet gears 27 differs from that of the first embodiment. In the wind turbine driving device 2,
the planetary ring gear 41 is fixed with bolts to the inner circumferential side of a stepped
diameter reducing portion of the cover 11b of the body 11.

[0083] FIG. 8 is an enlarged cross-sectional view of the input shaft 42 provided with the
operation switching mechanism 43. FIG. 9 is a cross-sectional view viewed from the position
indicated by arrows C-C in FIG. 8. As shown in FIGS. 7 to 9, the input shaft 42 has a portion
that is open to one end side (first end side) and in which an end portion of the output shaft 14
on the other end side (second end side) is inserted, as in the first embodiment. The end
portion of the output shaft 14 and the input shaft 42 are fixedly coupled to each other by a key
coupling via a key 37. Asecond tubular portion 45 of the input shaft 42, which will be described
later, is integrally formed with a sun gear 26 on the second end side opposite the first end side
of the input shaft 42 to which the output shaft 14 is coupled.

[0084] Like the operation switching mechanism 19 of the first embodiment, the operation
switching mechanism 43 is provided in a driving force transmission path that is a path through
which a driving force is transmitted from the output shaft 14 to the pinion 13, and is provided as
a mechanism that switches its operating state depending on the magnitude of the torque acting
thereon. What is different from the first embodiment is that the operation switching mechanism
43 is provided in the input shaft 42 and includes a first tubular portion 44, the second tubular
portion 45, engagement pins 46, and spring members 47.

[0085] The first tubular portion 44 is a cylindrical member and fixed to the outer circumference
of the output shaft 14 by a key coupling via the key 37. The second tubular portion 45 is a
cylindrical portion that is open to the first end side and is integrally formed with the sun gear 26
on the second end side. The second tubular portion 45 is disposed concentrically with the first
tubular portion 44 (i.e., the central axes of the second tubular portion 45 and the first tubular
portion 44 are aligned with each other) and is rotatably disposed with its inner circumference
being in sliding contact with the outer circumference of the first tubular portion 44.

[0086] The engagement pins 46 are pin members, each having a cylindrical body portion, with
their front end portions having a hemispherical shape and their other end portions having a
flanged flat end face. Note that multiple engagement pins 46 that are provided constitute a
second engagement pin of the present embodiment. The engagement pins 46 are each
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slidably disposed in the second tubular portion 45, with their front end portions inwardly
passing through the through holes formed in the second tubular portion 45. These
engagement pins 46 are further configured such that their front end portions protrude through
the second tubular portion 45 toward the first tubular portion 44 so as to be engaged with
recessed portions 44a formed in the outer circumference of the first tubular portion 44.

[0087] Multiple recessed portions 44a are provided corresponding to the engagement pins 46
in the outer circumference of the first tubular portion 44, and constitute a second recessed
portion of the present embodiment. The recessed portions 44a are recessed openings whose
shape corresponds to the shape of the front ends of the engagement pins 46. Note that while
the present embodiment takes the example of the configuration in which multiple engagement
pins 46 and multiple recessed portions 44a are provided and disposed at equiangular intervals
in the circumferential direction of the second tubular portion 45 and the first tubular portion 44,
this does not need to be the case. Specifically, only a single engagement pin 46 and a single
recessed portion 44a may be provided, or even in the case where multiple engagement pins
46 and multiple recessed portions 44 are provided, they do not need to be disposed at
equiangular intervals in the circumferential direction of the second tubular portion 45 and the
first tubular portion 44. As another alternative, the number of recessed portions 44a may be
greater than that of engagement pins 46.

[0088] The spring members 47 are coil springs, for example, and multiple spring members 47
constitute a second spring member of the present embodiment. The spring members 47 are
installed in their elastically-deformed and compressed state in multiple spring chambers that
are hole-like spatial domains in the second tubular portion 45. The spring members 47 are also
disposed such that their one end portions are supported by lid members 48 that are fixed to
the second tubular portion 45 so as to close the spring chambers from the outside, and their
other end portions abut on the flanged flat end faces of the engagement pins 46. In this way,
the spring members 47 are configured so as to bias the engagement pins 46 in a direction to
cause the engagement pints 46 to protrude through the second tubular portion 45 toward the
first tubular portion 44 in the radial direction of the second tubular portion 45 and the first
tubular portion 44. The second tubular portion 45 is configured such that the through holes in
which the body portions of the engagement pins 46 are slidably disposed communicate with
the spring chambers. The above through holes in which the body portions of the engagement
pins 46 are disposed are formed so as to have a reducing diameter toward the spring
chambers and to be locked to the flanged end portions of the engagement pins 46 at the end
portions that communicate with the spring chambers. With this configuration, the amount of
protrusion of the engagement pins 46 from the second tubular portion 45 is restricted.

[0089] When the above-described operation switching mechanism 43 is in a state in which the
front end portions of the engagement pins 46 biased by the spring members 47 protrude
toward the first tubular portion 44 and are engaged with the recessed portions 44a, the first
tubular portion 44 is linked with the second tubular portion 45. That is, the engagement of the
front end portions of the engagement pins 46, which protrude from the second tubular portion
45, with the first tubular portion 44 limits the rotation of the first tubular portion 44 relative to the
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second tubular portion 45, and the operating state of the operation switching mechanism 43
becomes a linked state in which the driving force transmission path is linked.

[0090] During operation of the wind turbine driving device 2, the magnitude of the torque
acting between the first tubular portion 44 and the second tubular portion 45 is balanced, and a
load from the recessed portions 44a in the form of recessed openings of the first tubular
portion 44 acts on the hemispherical front end portions of the engagement pins 46. Then, if a
torque of a predetermined magnitude or more acts between the first tubular portion 44 and the
second tubular portion 45, the engagement pins 46 are biased against the spring forces of the
spring members 47 toward the second tubular portion 45 to positions at which the engagement
pins 46 are disengaged from the recessed portion 44a, due to the load acting on the end
portions of the engagement pins 46 from the recessed portion 44a.

[0091] When the engagement pins 46 are disengaged from the recessed portions 44a, the
first tubular portion 44 becomes rotatable relative to the second tubular portion 45, and the
operating state of the operation switching mechanism 43 switches from the aforementioned
linked state to an unlinked/released state in which the driving force transmission path is
unlinked and released. Note that the magnitude of the torque that causes the engagement pins
46 to be disengaged from the recessed portion 44a can be set to various levels by
appropriately selecting the specifications of the spring members 47 or the like.

[0092] Once the operating state of the operation switching mechanism 43 has switched to the
aforementioned unlinked/released state, it remains in the unlinked/released state as long as
the torque acting between the first tubular portion 44 and the second tubular portion 45 is the
aforementioned predetermined magnitude or more. Specifically, even if the rotation of the first
tubular portion 44 causes the recessed portions 44a to reach positions facing the engagement
pins 46 and causes the engagement pins 46 to protrude once by the spring forces of the
spring members 47, the operating switching mechanism 43 will again operate in the same
manner as described above, and accordingly, the engagement pins 46 will be disengaged from
the recessed portions 44a.

[0093] However, if the magnitude of the torque acting on the operation switching mechanism
43 drops below the predetermined magnitude after the operation state of the operation
switching mechanism 43 has switched to the unlinked/released state, the operating state of the
operation switching mechanism 43 can return to the linked state. That is, in this case, if the
rotation of the first tubular portion 44 causes the recessed portions 44a to reach the positions
facing the engagement pins 46, the front end portions of the engagement pins 46 that protrude
by the spring forces of the spring members 47 are engaged with the recessed portions 44a
and this engagement state is maintained without being disengaged. Accordingly, the operating
state of the operation switching mechanism 43 returns to the linked state.

[0094] The above-described wind turbine driving device 2 of the present embodiment that is
provided with the operation switching mechanism 43 can achieve the same effects as the wind
turbine driving device 1 of the first embodiment. That is, it is possible according to the present
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embodiment to provide the wind turbine driving device 2 that can, even if excessive external
forces act on one of multiple wind turbine driving devices 2 that are installed and used, prevent
breakage in that wind turbine driving device 2 and reduce the number of troublesome
maintenance operations associated with the mechanism for preventing breakage.

[0095] Furthermore, with the wind turbine driving device 2, the operation switching
mechanism 43 provided in the input shaft 42 is compactly configured by the first tubular portion
44 and the second tubular portion 45 that are disposed rotatably and concentrically with
respect to each other, and the engagement pins 46 and the spring members 47 that are
disposed in the first tubular portion 44. Thus, the operation switching mechanism 43 can be
easily incorporated into the input shaft 42. Moreover, the structure that switches its operating
state between the linked state and the unlinked/released state depending on the magnitude of
the torque acting on the input shaft 42 can be realized with a simple structure constituted by
the first tubular portion 44, the second tubular portion 45, the engagement pins 46, and the
spring members 47.

Third Embodiment

[0096] Next, the third embodiment of the present invention will be described. FIG. 10 is an
enlarged cross-sectional view of part of a cross section of a wind turbine driving device 3
according to the third embodiment, viewed from the front side. FIG. 11 is a cross-sectional view
viewed from the position indicated by arrows D-D in FIG. 10. Note that the internal cross
section of a body 11 shown in FIG. 10 corresponds to a cross section viewed from the position
indicated by arrows E-E in FIG. 11. Like the wind turbine driving device 1 of the first
embodiment, the wind turbine driving device 3 shown in FIGS. 10 and 11 is provided as a yaw
driving device and includes, for example, the body 11, an electric motor 12, a pinion 13, an
output shaft 14, a braking mechanism 15, an input shaft 16, a speed reduction portion 17, an
output portion 18, an operation switching mechanism 50, and a controller 20. Note that the
illustration of the controller 20 in the wind turbine driving device 3 has been omitted from FIGS.
10 and 11. The wind turbine driving device 3 differs in the configuration of the operation
switching mechanism 50 from the first embodiment. In the description of the present
embodiment, constituent elements that are the same as those of the first embodiment are
denoted or cited by the same reference numerals in the drawings and a description thereof
has been omitted. The following description mainly focuses on differences in configuration from
the first embodiment.

[0097] Like the operation switching mechanism 19 of the first embodiment, the operation
switching mechanism 50 is provided in a driving force transmission path that is path through
which a driving force is transmitted from the output shaft 14 to the pinion 13, and is provided as
a mechanism that switches its operating state depending on the magnitude of the torque acting
thereon. The operation switching mechanism 50 includes a planetary ring gear 51 and a
holding unit 52 that rotatably holds the planetary ring gear 51 in a state in which axial
movement of the planetary ring gear 51 (movement in a direction parallel to a rotation center
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line P) relative to the body 11 is restricted.

[0098] The operation switching mechanism 50 is also configured such that the planetary ring
gear 51 constituting part of the operation switching mechanism 50 is provided in a planet gear
speed reducer 17a that is a first speed reduction portion of the driving force transmission path.
Like the planetary ring gear 29 of the first embodiment, the planetary ring gear 51 is disposed
around multiple planet gears 27 and configured such that its inner peripheral teeth are meshed
with the planet gears 27.

[0099] The planetary ring gear 51 is, however, attached to the body 11 in a different way from
the planetary ring gear 29. To be specific, the planetary ring gear 51 is installed such that its
end face on the second end side abuts on a portion of a case 11a of the body 11, the portion
extending in the circumferential direction and protruding inwardly so as to have a flanged
shape. The end face of the planetary ring gear 51 on the first end side is pressed toward the
second end side by later-described engagement pins 53 of the holding unit 52 that is attached
to the case 11a. The outer circumference of the planetary ring gear 51 and the end face
thereof on the second end side are slidably disposed on the body 11. With the above
configuration, the planetary ring gear 51 is rotatably held on the body 11 by the holding unit 52,
and axial movement of the planetary ring gear 51 relative to the body 11 is restricted.

[0100] The holding unit 52 includes the engagement pins 53 and a biasing mechanism 54.
The engagement pins 53 are pin members having a cylindrical body portion and a
hemispherical front end portion. Note that multiple engagement pins 53 that are provided
constitute a third engagement pin of the present embodiment. The engagement pins 53 are
configured such that their front end portions protrude toward the planetary ring gear 51 from
the input shaft 16 side to the output portion 18 side (i.e., from the first end side to the second
end side) in parallel with the axial direction of the planetary ring gear 51 and are engaged with
recessed portions 51a that are formed in the end face of the planetary ring gear 51.

[0101] The recessed portions 51a of the planetary ring gear 51 are provided in the end face
of the planetary ring gear 51 on the first end side. Multiple recessed portions 51a that are
provided corresponding to the engagement pins 53 constitute a third recessed portion of the
present embodiment. The recessed portions 51a are formed as grooved portions having a
recessed shape corresponding to the shape of the front end portions of the corresponding
engagement pins 53. Note that while the present embodiment takes the example of the
configuration in which multiple engagement pins 53 and multiple recessed portions 51a are
provided and disposed at equiangular intervals in the circumferential direction of the planetary
ring gear 51, this does not need to be the case. For example, the engagement pins 53 and the
recessed portions 51a do not necessarily have to be disposed at equiangular intervals in the
circumferential direction of the planetary ring gear 51. Alternatively, the number of recessed
portions 51a may be greater than that of engagement pins 53.

[0102] The biasing mechanism 54 is installed inside the body 11 as a mechanism for biasing
the engagement pins 53 in a direction to cause the engagement pins 53 to protrude toward the
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planetary ring gear 51. The biasing mechanism 54 includes a retaining plate 55, a coned disc
spring 56, and a presser plate 57.

[0103] The retaining plate 55 is a flat ring-shaped plate member that is configured to hold
multiple engagement pins 53. The retaining plate 55 is provided with multiple holes formed in a
direction of a ring-shaped circumference. The number of holes that are provided is the same
as the number of engagement pins 53, and these holes are disposed at equiangular intervals
in the circumferential direction of the retaining plate 55. The end portions of the engagement
pins 53 opposite the hemispherical front end portions thereof are fitted in and fixed to these
holes. As a result, the multiple engagement pins 53 are held by the single retaining plate 55.

[0104] The single coned disc spring 56 is disposed on the first end side of the retaining plate
55. The coned disc spring 56 is disposed between and in contact with the retaining plate 55
and the presser plate 57, which will be described later. The coned disc spring 56 is a ring-
shaped spring member that is formed so as to rise upward in a dish shape. This coned disc
spring 56 is provided as a third spring member of the present embodiment that causes the
retaining plate 55 to protrude toward the planetary ring gear 51 and thereby biases the multiple
engagement pins 53 in a direction to cause the engagement pins 53 to protrude toward the
planetary ring gear 51.

[0105] The presser plate 57 is a flat ring-shaped plate member that is configured to hold the
coned disc spring 56 while pressing it against the retaining plate 55. The outer peripheral edge
of the presser plate 57 is fixed with multiple bolts to the case 11a of the body 11. Note that the
case 11a has a portion whose diameter increases in a stepped manner toward the first end
side. With the outer peripheral edge of the presser plate 57 abutting on this stepped diameter
increasing portion, the presser plate 57 is fixed to the body 11 with the above multiple bolts that
protrude through the presser plate 57 and are in threaded engagement with the case 11a.
Note that the input shaft 16 is disposed in a center area of central through holes provided in
the presser plate 57, the coned disc spring 56, and the retaining plate 55.

[0106] When the above-described operation switching mechanism 50 is in a state in which the
front end portions of the multiple engagement pins 53 biased by the coned disc spring 56 via
the retaining plate 55 protrude toward the planetary ring gear 51 and are engaged with the
recessed portions 51a, the planetary ring gear 51 is linked with the holding unit 52. That is, the
engagement of the front end portions of the multiple engagement pins 53 with the planetary
ring gear 51 limits the rotation of the planetary ring gear 51 relative to the holding unit 52, and
the operating state of the operation switching mechanism 50 is a linked state in which the
driving force transmission path is linked.

[0107] During operation of the wind turbine driving device 3, the torque acting between the
holding unit 52 and the planetary ring gear 51 is balanced, and a load from the recessed
portions 51a in the form of recessed openings of the planetary ring gear 51 acts on the
hemispherical front end portions of the engagement pins 53. Then, if a torque of a
predetermined magnitude or more acts between the holding unit 52 and the planetary ring
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gear 51, the engagement pins 53 are biased against the spring force of the coned disc spring
56 toward the presser plate 57 to positions at which the engagement pins 53 are disengaged
from the recessed portions 51a, due to the load acting from the recessed portions 51a on the
end portions of the engagement pins 53. At this time, the multiple engagement pints 53 are
biased integrally with the retaining plate 55 toward the presser plate 57.

[0108] When the engagement pins 53 are disengaged from the recessed portions 51a, the
planetary ring gear 51 becomes rotatable relative to the case 11a of the body 11, and the
operating state of the operation switching mechanism 50 switches from the aforementioned
linked state to an unlinked/released state in which the driving force transmission path is
unlinked and released. Note that the magnitude of the torque that causes the engagement pins
53 to be disengaged from the recessed portions 51a can be set to various levels by
appropriately selecting the specifications of the coned disc spring 56 or the like.

[0109] Once the operating state of the operation switching mechanism 50 has switched to the
aforementioned unlinked/released state, it remains in the unlinked/released state as long as
the torque acting between the holding unit 52 and the planetary ring gear 51 remains the
aforementioned predetermined magnitude or more. That is, even if the rotation of the
planetary ring gear 51 causes the recessed portions 51a to reach the positions facing the
engagement pins 53 and causes the engagement pins 53 to protrude once by the spring force
of the coned disc spring 56 acting via the retaining plate 55, the operating switching
mechanism 50 will again operate in the same manner as described above, and accordingly,
the engagement pins 53 will be disengaged from the recessed portions 51a.

[0110] However, if the magnitude of the torque acting on the operation switching mechanism
50 drops below the predetermined magnitude after the operating state of the operation
switching mechanism 50 has switched to the unlinked/released state, the operating state of the
operation switching mechanism 50 can return to the linked state. That is, in this case, when the
rotation of the planetary ring gear 51 causes the recessed portions 51a to reach the positions
facing the engagement pins 53, the front end portions of the engagement pins 53 that protrude
by the spring force of the coned disc spring 56 acting via the retaining plate 55 are brought into
engagement with the recessed portions 51a and this engagement state is maintained without
being disengaged. As a result, the operating state of the operation switching mechanism 50
returns to the linked state.

[0111] The above-described wind turbine driving device 3 of the present embodiment that is
provided with the operation switching mechanism 50 can achieve the same effects as the wind
turbine driving device 1 of the first embodiment. That is, it is possible, according to the present
embodiment, to provide the wind turbine driving device 3 that can, even if excessive external
forces act on one of multiple wind turbine driving devices 3 that are installed and used, prevent
breakage in that wind turbine driving device 3 and reduce the number of troublesome
maintenance operations associated with the mechanism for preventing breakage.

[0112] Furthermore, with the wind turbine driving device 3, the engagement pins 53 biased by
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the biasing mechanism 54 disposed inside the body 11 are engaged with the end face of the
planetary ring gear 51, protruding in parallel with the axial direction of the planetary ring gear
51. Thus, the structure that switches its operating state between the linked state and the
unlinked/released state depending on the magnitude of the torque acting between the holding
unit 52 and the planetary ring gear 51 can be installed inside the body 11. This makes it
possible to realize the operation switching mechanism 50 that is free from leakage of
lubricating oil contained in the body 11.

[0113] Furthermore, with the wind turbine driving device 3, the biasing mechanism 54 biases
the retaining plate 55 by the coned disc spring 56, which is a single spring member, and
thereby biases the multiple engagement pins 53 toward the planetary ring gear 51 via the
retaining plate 55. This simplifies the configuration as compared with the case in which multiple
spring members are provided in order to bias the multiple engagement pins 53. In addition, in
the case where multiple spring members are provided in order to bias the engagement pins
53, complicated operations such as adjusting the biasing load applied by the spring members
for biasing the engagement pins 53 and further adjusting a balance between the spring
members are necessary. In contrast, providing only the single coned disc spring 56 as a spring
member for biasing the multiple engagement pins 53 facilitates the operation of adjusting the
biasing load given by the spring member (coned disc spring 56).

[0114] Moreover, with the wind turbine driving device 3, the coned disc spring 56 that is a ring-
shaped spring member formed so as to rise upward in a dish shape is provided as a spring
member for biasing the multiple engagement pins 53 via the retaining plate 55. This allows the
spring member (coned disc spring 56) capable of outputting a sufficiently large biasing load to
be installed even within the limited space in the body 11. Accordingly, a predetermined
magnitude of torque that causes the operating state of the operation switching mechanism 50
to switch between the linked state and the unlinked/released state can be set to a sufficiently
large value.

[0115] While embodiments of the present invention have been described thus far, the present
invention is not limited to the embodiments described above, and various modifications may be
made within the scope recited in the claims. For example, the following variations are possible.

1. (1) While the above-described embodiments take the example of the case where the
wind turbine driving devices are provided as yaw driving devices, this case does not
need to be the case. The wind turbine driving devices may be pitch driving devices that
drive the blades, which are the second structure in the movable portion of the wind
turbine, to rotate relative to the hub on the nacelle side, which is the first structure.

2. (2) While the above-described embodiments take the example of the case where the
operation switching mechanism is provided in either the first speed reduction portion or
the input shaft, this does not need to be the case. A configuration is also possible in
which the operation switching mechanism is provided at a position other than the first
speed reduction portion and the input shaft in the driving force transmission path. For
example, a configuration is possible in which the operation switching mechanism is
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provided in the output shaft that outputs a rotational driving force of the electric motor.

3. (3) While the above-described embodiments take the example of the configuration in
which the first speed reduction portion is configured as a planet gear speed reducer, this
does not need to be the case, and the first speed reduction portion may be configured
as a speed reducer other than the planet gear speed reducer.

4. (4) In the third embodiment described above, a configuration is also possible in which a
displacement sensor and a controller configured in the same way as the displacement
sensor and the first controller of the first embodiment are provided. Specifically, the wind
turbine driving device of the third embodiment may be provided with a displacement
sensor that detects displacement of the third engagement pins relative to the presser
plate of the biasing mechanism, and a controller that controls the braking mechanism or
the electric motor based on the detection result of the displacement sensor. This
controller is configured to, when the above displacement sensor has detected that the
third engagement pins have moved to positions at which they are disengaged from the
third recessed portions, control the braking mechanism so that the operation of the
braking mechanism stopping the output shaft of the electric motor is cancelled, or control
the electric motor so that the output torque of the electric motor is reduced. According to
this variation, when the operating state of the operation switching mechanism has
switched to the unlinked/released state, i.e., when the third engagement pins are
disengaged and the planetary ring gear becomes rotatable relative to the holding unit,
the operation of the braking mechanism stopping the output shaft is cancelled, or the
output torque of the electric motor is reduced. It is thus possible to suppress an increase
in the rotational speed of the planetary ring gear relative to the holding unit and to
reduce the occurrence of wear in the third engagement pins and the end face of the
planetary ring gear.

5. (5) In the third embodiment described above, a configuration is also possible in which a
controller configured in the same way as the second controller of the first embodiment is
provided. Specifically, the wind turbine driving device of the third embodiment may be
provided with a controller that controls driving of the electric motor such that after the
operating state of the operation switching mechanism has switched to the
unlinked/released state, the planetary ring gear is rotated to a position at which the third
engagement pins biased by the third spring member can be engaged with the third
recessed portions. According to this variation, when the operating state of the operation
switching mechanism has switched to the unlinked/released state, the electric motor is
driven under the control of the above controller so that the planetary ring gear is rotated
to a position at which the third engagement pins are engaged with the third recessed
portions. Thus, the operating state of the operation switching mechanism can speedily
return to the linked state after the operating state of the operation switching mechanism
has switched to the unlinked/released state.

[0116] The present invention is widely applicable as wind turbine driving devices that are
installed in a wind turbine and drive to rotate one structure relative to the other structure in the
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movable portion of the wind turbine. The present invention is not limited to the above-
described embodiments, and all modifications, applications and equivalents thereof that fall
within the claims, for which modifications and applications would become apparent by reading
and understanding the present specification, are intended to be embraced therein.
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PATENTIKRAYV

1. Drivveerk (1) til en vindmglle, omfattende:

et drivhjul (13), der griber ind i et kronhjul (107), som er fastgjort til en fgrste struk-
tur i en beveegelig del af en vindmglle (101);

en elektromotor (12), der er fastgjort til en anden struktur, som er roterbart anbragt
pa den fgrste struktur i den bevaegelige del;

en udgangsaksel (14), som fremfgrer elektromotorens (12) rotationsdrivkraft;

en indgangsaksel (16, 42) som er koblet til udgangsakslen (14) og modtager tilfgrsel
af en rotationsdrivkraft fra elektromotoren (12);

en kraftudgangsdel (18), hvortil drivhjulet (13) er fastgjort;

en hastighedsreduktionsdel (17), som er koblet til indgangsakslen (16) og kraftud-
gangsdelen (18), temponedseetter og overfgrer rotationsdrivkraften, som tilfgres ind-
gangsakslen (16, 42), og overfgrer rotationsdrivkraften til kraftudgangsdelen (18); og

en bremsemekanisme (15) til at standse udgangsakslen (14),

hvor drivveerket (1, 2, 3) til en vindmglle yderligere omfatter:

en driftsomstillingsmekanisme (19, 43, 50), som er tilvejebragt i en drivkraftoverfgr-
selsbane og skifter en driftstilstand deraf afhaengigt af stgrrelsen af drejningsmomentet,
der virker derpd, hvor drivkraftoverfgrselsbanen er en bane, hvorigennem en drivkraft
overfgres fra udgangsakslen (14) til drivhjulet (13),

hvor driftsomstillingsmekanismens (19, 43, 50) driftstilstand, ndr et drejningsmo-
ment af en forudbestemt starrelse eller stgrre virker pa driftsomstillingsmekanismen (19,
43, 50), skifter fra en forbundet tilstand, i hvilken drivkraftoverfgrselsbanen er bundet, til
en uforbundet/frigjort tilstand, i hvilken drivkraftoverfgrselsbanen er ubundet og frigjort,
og efter at driftstilstanden er skiftet til den uforbundne/frigjorte tilstand, og nar stgrrelsen
af det virkende drejningsmoment falder ned under det forudbestemte niveau, er driftstil-
standen i stand til at vende tilbage til den forbundne tilstand;

hvor hastighedsreduktionsdelen (17) indbefatter en fgrste hastighedsreduktionsdel
(17a) og en anden hastighedsreduktionsdel (17b), idet den fgrste hastighedsreduktionsdel
(17a) er koblet til indgangsakslen (16, 42) og temponedsaetter og overfgrer rotationsdriv-
kraften, som tilfgres indgangsakslen (16, 42), og den anden hastighedsreduktionsdel
(17b), der er koblet til kraftudgangsdelen (18), temponedseetter yderligere og overfgrer
rotationsdrivkraften, der overfgres fra den fgrste hastighedsreduktionsdel (17a), og overfg-
rer rotationsdrivkraften til kraftudgangsdelen (18); og i det mindste en del af driftsomstil-
lingsmekanismen (19, 43, 50) er tilvejebragt i mindst én blandt udgangsakslen (14), ind-
gangsakslen (16, 42) og den fgrste hastighedsreduktionsdel (17a), som er i drivkraftover-
fgrselsbanen;

hvor den fgrste hastighedsreduktionsdel (17a) er tilvejebragt som et planetredukti-
onsgear, som indbefatter et solhjul (26), flere planethjul (27), som indgriber i solhjulet
(26) og drejer rundt om solhjulet (26), mens de roterer om planethjulenes (27) akser, og

en planethjulsholder (28), som understgtter planethjulene (27) sdledes, at planethjulene
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(27) er i stand til frit at rotere om planethjulenes (27) akser og frit at dreje rundt om sol-
hjulet (26), og mindst en del af driftsomstillingsmekanismen (1, 3) er tilvejebragt i den
fgrste hastighedsreduktionsdel (17a);

hvor driftsomstillingsmekanismen (19, 50) indbefatter et planetringhjul (29, 51) og
en holdeenhed (30, 52), hvor planetringhjulet (29, 51) er tilvejebragt i den fgrste hastig-
hedsreduktionsdel (17a) og er anbragt rundt om planethjulene (27) til indgreb med pla-
nethjulene (27), og holdeenheden (30, 52) holder roterbart planetringhjulet (29) i en til-
stand, i hvilken aksial bevaegelse af planetringhjulet (29, 51) i forhold til et legeme (11) er
begraenset, hvor legemet (11) huser indgangsakslen (16) og hastighedsreduktionsdelen
(17), og

hvor driftstilstanden, nar et drejningsmoment af en forudbestemt stgrrelse eller mere
virker mellem holdeenheden (30, 52) og planetringhjulet (29, 51), skifter fra den forbund-
ne tilstand, i hvilken rotationen af planetringhjulet (29, 51) i forhold til holdeenheden (30,
52) er begreenset, til den uforbundne/frigjorte tilstand, i hvilken planetringhjulet (29, 51)
roterer i forhold til holdeenheden (30, 52);

hvor holdeenheden (30) indbefatter:

et fastspaendingsringelement (31), som er fastgjort til legemet (11), har ringform og
holder planetringhjulet (29) langs en ydre periferi af planetringhjulet;

en fgrste indgrebstap (32), som er forskydeligt anbragt i fastspaeendingsringelementet
(31) og har en forendedel, der kan rage gennem fastspaendingsringelementet (31) mod
planetringhjulet (29), sdledes at den farste indgrebstap (32) er i indgreb med en farste
udsparet del (29a), som er dannet i den ydre periferi af planetringhjulet (29); og

et fgrste fjederelement (33), som er anbragt i mindst enten legemet (11) eller fast-
spaendingsringelementet (31) og pavirker den fgrste indgrebstap (32) i en retning, s8 det
forarsages, at den fgrste indgrebstap (32) rager gennem fastspaendingsringelementet (31)
mod planetringhjulet (29).

2. Drivveerk (1) til en vindmglle ifglge krav 1, yderligere omfattende:

en forskydningsfaler (34), der registrerer forskydning af den fgrste indgrebstap (32) i
forhold til fastspaendingsringelementet (31); og en farste regulator (20), der, nar forskyd-
ningsfgleren (34) registrerer, at den fgrste indgrebstap (32) bevasges til en stilling, hvori
den fgrste indgrebstap (32) er frigjort fra den fgrste udsparede del (29a), regulerer brem-
semekanismen (15) sdledes, at bremsemekanismen (15) afbryder operationen at standse
udgangsakslen (14), eller regulerer elektromotoren (12) saledes, at et udgangsdrejnings-
moment af elektromotoren (12) reduceres.

3. Drivveerk (1) til en vindmglle ifglge krav 1, yderligere omfattende:

en anden regulator (20), som, efter at driftstilstanden af driftsomskiftningsmekanis-
men (19) er skiftet til den uforbundne/frigjorte tilstand, regulerer driften af elektromotoren
(12) saledes, at planetringhjulet (29) roteres til en stilling, hvor den fgrste indgrebstap

(32), som pavirkes af det forste fijederelement, er i indgreb med den fgrste udsparede del
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(29a).

4. Drivvaerk (2) til en vindmglle, omfattende

et drivhjul (13), som griber ind i et kronhjul (107), der er fastgjort til en fgrste struk-
tur i en beveegelig del af en vindmglle (101);

en elektromotor (12), der er fastgjort til en anden struktur, som er roterbart anbragt
pa den fgrste struktur i den bevaegelige del;

en udgangsaksel (14), som fremfgrer elektromotorens (12) rotationsdrivkraft;

en indgangsaksel (42) som er koblet til udgangsakslen (14) og modtager tilfgrsel af
en rotationsdrivkraft fra elektromotoren (12);

en kraftudgangsdel (18), hvortil drivhjulet (13) er fastgjort;

en hastighedsreduktionsdel (17), som er koblet til indgangsakslen (16, 42) og kraft-
udgangsdelen (18), temponedseetter og overfgrer rotationsdrivkraften, som tilfgres ind-
gangsakslen (16, 42), og overfgrer rotationsdrivkraften til kraftudgangsdelen (18); og

en bremsemekanisme (15) til at standse udgangsakslen (14),

hvor drivveerket (1, 2, 3) til en vindmglle yderligere omfatter:

en driftsomstillingsmekanisme (43), som er tilvejebragt i en drivkraftoverfgrselsbane
og skifter en driftstilstand deraf afthaengigt af stgrrelsen af drejningsmomentet, der virker
derpd, hvor drivkraftoverfarselsbanen er en bane, hvorigennem en drivkraft overfgres fra
udgangsakslen (14) til drivhjulet (13),

hvor driftsomstillingsmekanismens (43) driftstilstand, ndr et drejningsmoment af en
forudbestemt stgrrelse eller stgrre virker pa driftsomstillingsmekanismen (43), skifter fra
en forbundet tilstand, i hvilken drivkraftoverfgrselsbanen er bundet, til en uforbun-
det/frigjort tilstand, i hvilken drivkraftoverfgrselsbanen er ubundet og frigjort, og efter at
driftstilstanden er skiftet til den uforbundne/frigjorte tilstand, og nar stgrrelsen af det vir-
kende drejningsmoment falder ned under det forudbestemte niveau, er driftstilstanden i
stand til at vende tilbage til den forbundne tilstand;

hvor hastighedsreduktionsdelen (17) indbefatter en fgrste hastighedsreduktionsdel
(17a) og en anden hastighedsreduktionsdel (17b), idet den fgrste hastighedsreduktionsdel
(17a) er koblet til indgangsakslen (16, 42) og temponedsaetter og overfgrer rotationsdriv-
kraften, som tilfgres indgangsakslen (16, 42), og den anden hastighedsreduktionsdel
(17b), der er koblet til kraftudgangsdelen (18), temponedsatter yderligere og overfgrer
rotationsdrivkraften, der overfgres fra den fgrste hastighedsreduktionsdel (17a), og overfg-
rer rotationsdrivkraften til kraftudgangsdelen (18); og i det mindste en del af driftsomstil-
lingsmekanismen (19, 43, 50) er tilvejebragt i mindst én blandt udgangsakslen (14), ind-
gangsakslen (16, 42) og den fgrste hastighedsreduktionsdel (17a), som er i drivkraftover-
fgrselsbanen, hvor driftsomstillingsmekanismen (43) tilvejebragt i indgangsakslen (42)
indbefatter:

en fgrste rgrformet del (44), som har rgrform og er fastgjort til en ydre periferi af
udgangsakslen (14);
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en anden rgrformet del (45), som er anbragt koncentrisk med den fgrste rgrformede
del (44) med en indre periferi af den anden rgrformede del (45), der er i roterbar forskyd-
ningskontakt med en ydre periferi af den fgrste rgrformede del (44);

en anden indgrebstap (46), der er forskydeligt anbragt i den anden rgrformede del
(45), har en forendedel, som kan rage gennem den anden rgrformede del (45) mod den
forste rorformede del (44), sdledes at den anden indgrebstap (46) er i indgreb med en
anden udsparet del (44a), der dannes i den ydre periferi af den fgrste rgrformede del (44),
og begraenser rotation af den fgrste rgrformede del (44) i forhold til den anden rgrformede
del (45); og

et andet fjederelement (47), som er anbragt i den anden rgrformede del (45) og pa-
virker den anden indgrebstap (46) i en retning, der bevirker, at den anden indgrebstap
(46) rager gennem den anden rgrformede del (45) mod den fgrste rgrformede del (44), og
driftsomstillingsmekanismen (43) er udformet sdledes, at den anden indgrebstap, nar et
drejningsmoment af en forudbestemt stgrrelse eller mere virker mellem den fgrste rgrfor-
mede del (44) og den anden rgrformede del (45), friggres den anden indgrebstap (46) fra
den anden udsparede del (44a), og driftstilstanden skifter fra den forbundne tilstand, i
hvilken rotationen af den fgrste rgrformede del (44) i forhold til den anden rgrformede del
(45) er begraenset, til den uforbundne/frigjorte tilstand, i hvilken den fgrste rgrformede del
(44) roterer i forhold til den anden rgrformede del (45).

5. Drivveerk (3) til en vindmglle, omfattende:

et drivhjul (13), der griber ind i et kronhjul (107), som er fastgjort til en fgrste struk-
tur i en bevaegelig del af en vindmglle (101);

en elektromotor (12), der er fastgjort til en anden struktur, som er roterbart anbragt
pa den fgrste struktur i den bevaegelige del;

en udgangsaksel (14), som fremfgrer elektromotorens (12) rotationsdrivkraft;

en indgangsaksel (16) som er koblet til udgangsakslen (14) og modtager tilfgrsel af
en rotationsdrivkraft fra elektromotoren (12);

en kraftudgangsdel (18), hvortil drivhjulet (13) er fastgjort;

en hastighedsreduktionsdel (17), som er koblet til indgangsakslen (16, 42) og kraft-
udgangsdelen (18), temponedseetter og overfgrer rotationsdrivkraften, som tilfgres ind-
gangsakslen (16), og overfgrer rotationsdrivkraften til kraftudgangsdelen (18); og

en bremsemekanisme (15) til at standse udgangsakslen (14),

hvor drivveerket (3) til en vindmglle yderligere omfatter:

en driftsomstillingsmekanisme (50), som er tilvejebragt i en drivkraftoverfgrselsbane
og skifter en driftstilstand deraf afhaengigt af stgrrelsen af drejningsmomentet, der virker
derpd, hvor drivkraftoverfarselsbanen er en bane, hvorigennem en drivkraft overfgres fra
udgangsakslen (14) til drivhjulet (13),

hvor driftsomstillingsmekanismens (50) driftstilstand, ndr et drejningsmoment af en

forudbestemt stgrrelse eller stgrre virker pa driftsomstillingsmekanismen (50), skifter fra
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en forbundet tilstand, i hvilken drivkraftoverfgrselsbanen er bundet, til en uforbun-
det/frigjort tilstand, i hvilken drivkraftoverfgrselsbanen er ubundet og frigjort, og efter at
driftstilstanden er skiftet til den uforbundne/frigjorte tilstand, og ndr stgrrelsen af det vir-
kende drejningsmoment falder ned under det forudbestemte niveau, er driftstilstanden i
stand til at vende tilbage til den forbundne tilstand;

hvor hastighedsreduktionsdelen (17) indbefatter en fgrste hastighedsreduktionsdel
(17a) og en anden hastighedsreduktionsdel (17b), idet den fgrste hastighedsreduktionsdel
(17a) er koblet til indgangsakslen (16, 42) og temponedsaetter og overfgrer rotationsdriv-
kraften, som tilfgres indgangsakslen (16, 42), og den anden hastighedsreduktionsdel
(17b), der er koblet til kraftudgangsdelen (18), temponedsatter yderligere og overfgrer
rotationsdrivkraften, der overfgres fra den fgrste hastighedsreduktionsdel (17a), og overfg-
rer rotationsdrivkraften til kraftudgangsdelen (18); og i det mindste en del af driftsomstil-
lingsmekanismen (50) er tilvejebragt i mindst én blandt udgangsakslen (14), indgangsaks-
len (16, 42) og den fgrste hastighedsreduktionsdel (17a), som er i drivkraftoverfgrselsba-
nen;

hvor den fgrste hastighedsreduktionsdel (17a) er tilvejebragt som et planetredukti-
onsgear, som indbefatter et solhjul (26), flere planethjul (27), som indgriber i solhjulet
(26) og drejer rundt om solhjulet (26), mens de roterer om planethjulenes (27) akser, og
en planethjulsholder (28), som understgtter planethjulene (27) sdledes, at planethjulene
(27) er i stand til frit at rotere om planethjulenes (27) akser og frit at dreje rundt om sol-
hjulet (26), og mindst en del af driftsomstillingsmekanismen (50) er tilvejebragt i den fgr-
ste hastighedsreduktionsdel (17a);

hvor driftsomstillingsmekanismen (50) indbefatter et planetringhjul (29, 51) og en
holdeenhed (52), hvor planetringhjulet (51) er tilvejebragt i den fgrste hastighedsredukti-
onsdel (17a) og er anbragt rundt om planethjulene (27) til indgreb med planethjulene
(27), og holdeenheden (52) holder roterbart planetringhjulet (29, 51) i en tilstand, i hvil-
ken aksial bevasgelse af planetringhjulet (51) i forhold til et legeme (11) er begraenset,
hvor legemet (11) huser indgangsakslen (16) og hastighedsreduktionsdelen (17), og hvor
driftstilstanden, ndr et drejningsmoment af en forudbestemt stgrrelse eller mere virker
mellem holdeenheden (30, 52) og planetringhjulet (51), skifter fra den forbundne tilstand,
i hvilken rotationen af planetringhjulet (51) i forhold til holdeenheden (52) er begrasnset,
til den uforbundne/frigjorte tilstand, i hvilken planetringhjulet (51) roterer i forhold til hol-
deenheden (52);

hvor holdeenheden (52) indbefatter:

en tredje indgrebstap (53), som har en forendedel, der kan rage frem mod planet-
ringhjulet (51) fra indgangsakslens (16) side til udgangsdelens (18) side i en retning paral-
lel med en aksial retning af planetringhjulet (51), saledes af den tredje indgrebstap (53) er
i indgreb med en tredje udsparet del (51a), der er dannet i en endeflade af planetringhju-

let (51); og en pavirkningsmekanisme (54), som er anbragt i legemet (11) og pavirker den
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tredje indgrebstap i en retning, hvilket fordrsager, at den tredje indgrebstap (53) rager
frem mod planetringhjulet (51).

6. Drivveerk (3) til en vindmglle ifglge krav 5, hvor

der forefindes flere af de tredje indgrebstapper (53), og

pavirkningsmekanismen (54) indbefatter:

en fastspeendingsplade (55), som holder de tredje indgrebstapper (53); og

et enkelt tredje fjederelement (56), der forarsager, at fastspeendingspladen (55) ra-
ger frem mod planetringhjulet (51), saledes at de tredje indgrebstapper (53) pavirkes i en
retning, s det far de tredje indgrebspinde (53) til at rage frem mod planetringhjulet (51).

7. Drivveerk (3) til en vindmglle ifglge krav 6, hvor det tredje fjederelement (56) er

et ringformet fjederelement, der er dannet, sa det rejser sig opad i skalform.
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