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having a blade root mounted so as to be turnable around an axis center O with respect to a rotor head (4), and a pitch drive

apparatus (11) for turning and driving the wind turbine rotor blade (6) around the axis center O to change a pitch angle thereof. The
pitch drive apparatus (11) has an electric cylinder (12) functioning as a linear actuator.
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ABSTRACT

The invention provides a pltch drive apparatus of a wind

generator and the wind generator capable of, with a simple

structure, preventing reliability of the pitch drive apparatus

from being deteriorated. The wind generator includes a wind
turbine rotor blade (6) having a blade root mounted so as to
be turnable around an axis center O with respect to a rotor
head (4), and a pitch drive apparatus (11) for turning and
driving the wind turbine rotor blade (6) around the axis
center O to change a pitch angle thereof. The pitch drive

apparatus (1l1) has an electric cylinder (12) functioning as a

linear actuator.
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DESCRIPTION

PITCH DRIVE APPARATUS OF WIND GENERATOR AND WIND GENERATOR

Technical Field
[0001]
The present invention relates to a pitch drive apparatus

of a wind generator and the wind generator.

Background Art

[0002]

As a wind turbine used for a wind generator, there are
known a wind turbine 1in which a pitch angle of a wind turbiline
rotor blade is fixed and a wind turbine in which the pitch
angle 1s variable.

As a mechanism which changes the pitch angle of the wind
turbine rotor blade, there is known a mechanism which converts
linear motion of a rod in a hydraulic cylinder into rotation
around an axis of the wind turbine rotor blade as described in
Patent Citation 1.

[0003]

As shown 1n Patent Citation 2 or the like, there is
proposed a mechanism 1n which a gear is provided around a
blade rotating wheel, a pinion gear meshing with this gear is

rotated by an electric motor, the blade rotating wheel is
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rotated and this rotation 1s converted 1nto rotation around an

axls of a wind turbiline rotor blade.

In this case, 1t i1s also proposed to use a belt instead
of the gear.

[0004]

Patent Citation 1: Japanese Unexamlined Patent Application,

Publication No. 2003-148321

Patent Citation 2: Japanese Unexamlned Patent Application,

Publication No. 2003-50448

Disclosure of Invention

[0005]

According to the mechanism which uses the hydraulic
cylinder as shown in Patent Citation 1, control oil of the
hydraulic cylinder 1s usually supplied to a rotor head from a
hydraulic pump disposed 1n a nacelle through a main shaft or a
gear box. Since a hydraulic pilipe 1s disposed 1n the main

shaft or the gear box, the structure thereof becomes

complicated.

When the wind generator is assembled at the site, the
nacelle and the rotor head assembled separately from each
other are coupled together. At this time, a hydraulic pipe on
the side of the nacelle and a hydraulic pipe on the side of
the rotor head are connected to each other. If a foreign

matter 1s mixed 1n the hydraulic pipe during the connecting
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operation, a seal of the hydraulic utility grid 1s damaged and
thus there is a possibility that long-term reliability of the
pitch drive mechanism is deteriorated.

There 1is an adverse possibility that oil leaks, which

exerts an influence on the surrounding environment. Thus, it
1s necessary to pay close attention during the operation of
connecting the hydraulic pipe.

[0006]

According to the gear type pitch drive mechanism
described 1n the Patent Citation 2, a plnion gear and a gear
provided on a rotating wheel always mesh with each other. For
example, when a pitch angle 1s finely adjusted repeatedly,
since contact causing fine motion 1s concentrated locally,
there 1s an adverse possibility that fretting damage caused by
depletion of 01l slick on a gear surface is caused. Thus,
there 1s a possibility that long-term reliability of the pitch
drive mechanism 1is deteriorated.

[0007]

In the case of a belt type pitch drive mechanism, in

order to apply tension, a belt is disposed outside the wind

turbine rotor blade. Therefore, there is a possibility that a
system 1s increased 1in size. Since lifetime of the belt is
short, 1t 1s necessary to replace the belt frequently. Thus,

1f sufficient maintenance operation is not carried out, there

1s a possibility that long-term reliability of the pitch drive
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[0008]

In view of the above circumstances, 1t 1s an object of
the present invention to provide a pitch drive apparatus of a
wind generator and a wind generator capable of preventing
reliability of the pitch drive apparatus from being
deteriorated with a simple structure.

[0009]

To achieve the above object, the present invention

provides the followlng means.

According to a first aspect of the present invention,
there 1s provided a pitch drive apparatus of a wind generator,
the pitch drive apparatus for moving a wind turbine rotor
blade having a.blade root mounted so as to be turnable around
a blade longltudinal direction with respect to a rotor head,
whereiln the pitch drive apparatus includes a drive member
having a linear actuator which turns and drives the wind

turbine rotor blade around the blade longitudinal direction
and changes a pitch angle thereof.

[0010]

According to the above aspect, the wind turbine rotor

blade‘is turned and driven around the axis thereof by the
drive member constituted by the linear actuator, and the pitch
angle of the wind turbine rotor blade is adjusted.

Since the linear actuator is electrically driven, the
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structure of an electric wire thereof becomes simple as
compared with a hydraulic pipe, and there 1s no risk such as
mixture of a foreign matter and leakage of oil. Further, as a
contact portion causing fine motion 1s not included, it 1is
unnecessary to take a fretting damage 1nto consideration.
Moreover, a part having short lifetime such as a belt 1s not
included, a troublesome frequent malntenance operation is not
requlred.

With this structure, 1t 1s possible to prevent long-term

reliability of the pitch drive apparatus from being

deterlorated.

[0011]

In the above aspect, the llnear actuator may include a

columnar main body, and a rod appearing from the main body in

an axlal direction thereof.

[0012]

Since the linear actuator includes the columnar main body
and the rod appearing from the main body in the axial
direction thereof; the llnear actuator moves similarly to the
hydraulic cylinder.

Therefore, the pitch drive apparatus can be constituted

with the structure same as that of the hydraulic cylinder in
which the main body is mounted on the side of the rotor head

on a fixed side and a tip end of the rod is mounted on the

side of the wind turbine rotor blade.
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(0013]
In the above structure, the wind turbine rotor blade may

include two sets of linear actuators

[0014]

g

Since the apparatus 1s operated using two sets of lilinear

actuators with respect to the wind turbine rotor blade, a
predetermined plitch angle control range can be secured using a
light-welighted linear actuator with the rod having a short
stroke.

[0015]
In the above aspect, the linear actuator may include a

rall disposed on a predetermined path, and a guide moving

along the rail.

[00106]

The rail 1s mounted on one of the rotor head on the fixed

silde and the wind turbine rotor blade, and the guide 1is

mounted on the remalning one.

When the guide is mounted on the fixed side, the guide
does not move and thus the rail moves.

[0017]

In the above structure, the rail preferably constitutes a
portion of a circle formed around an axis center of the wind
turbine rotor blade.

(0018]

Since the rail constitutes a portion of the circle formed



CA 02709024 2010-07-23

y

around the axis center of the wind turbine rotor blade, a

pr—y

moving position of the guide and a rotation angle correspond

o each other. Therefore, it is possible to easily control
the pitch angle of the wind turbine rotor blade.

[0019]

In the above structure, the rail is preferably provided

at a position separated from the axis center of the wind

turbine rotor blade.

[0020]

Since a radius of curvature is increased as separated
from the axis center, the curvature of the rail becomes small.
When the curvature becomes small, the curve of the rail

becomes small. Therefore, reliability of the linear actuator

can be enhanced.

Thus, it 1is preferable that the rail is provided at a
locatlon separated from the axis center of the wind turbine
rotor blade as far as possible.

[0021]

In the above aspect, an emergency power supply for

operating the linear actuator by discharging may be provided

1n the rotor head.

[0022]

When a main power supply has a power failure or the like,

the wind generator is urgently stopped.

In thils case, the linear actuator is not operated by the
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maln power supply, but the linear actuator can be operated by

discharging of the power supply. With this structure, the

g

pltch angle of the wind turbine rotor blade can be adjusted

and the wind turblne rotor blade can be located at a feather
poslition. Thus, the wind generator can be stopped safely.

[0023]

According to a second aspect of the present invention,
there 1s provided a wind generator including: a plurality of
wind turbine rotor blades for receiving a wind force; a rotor
head for supporting the wind turbine rotor blades so as to be
turnable around an axial direction of the wind turbine rotor
blades and being rotated and driven by the wind turbine rotor
blades; the pitch drive apparatus described above; and a

generator set for generating electricity by rotation of the

rotor head.

[0024]

According to the above aspect, it is possible to prevent
reliability of the pitch drive apparatus from being
deteriorated with a simple structure by using the pitch drive
apparatus according to the first aspect. It is therefore

possible to prevent reliability of the wind generator from

being deteriorated.

[0025]

According to the present invention, the wind turbine

rotor blade 1s turned and driven around the axis thereof using
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the drive member constituted by the electrically driven linear
actuator, thereby adjusting the pitch angle of the wind
turbine rotor blade. Therefore, the structure thereof can be
simplified.

There is no risk such as mixture of a foreign matter and
leakage of 0il unlike the hydraulic system. Further, as a
contact portion causing fine motion is not included unlike a
gear type pitch drive mechanism, 1t 1s unnecessary to take a
fretting damage into consideration. Moreover, a part having
short lifetime such as a belt 1s not included, a troublesome
frequent maintenance operation is not required.

With these features, 1t 1s possible to prevent long-term

g

reliability of the pitch drive apparatus from being

deteriorated.

Brief Description of Drawilings

[0026]

[FIG. 1] A side view showlng an overall schematic
structure of a wind generator according to a first embodiment
of the present invention.

[FIG. 2] A schematlic diagram for explaining a positional
relation between one of pitch drive apparatuses and one of

wind turbine rotor blades shown in FIG. 1.

[FIG. 3] A block diagram showing a schematic structure

of an operation circuit of the pitch drive apparatus according
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to the first embodiment of the present invention.

[FIG. 4] A schematic diagram showing a modification of
the pitch drive apparatus according to the first embodiment of
the present i1nvention.

[FIG. 5] A schematic diagram showling another
modification of the pitch drive apparatus according to the
first embodiment of the present 1nvention.

[FIG. 6] A schematic diagram showing a pitch drive
apparatus according to a second embodiment of the present

invention.

[FIG. 7] A sectional view taken along the line X-X 1in

FIG. ©.

[FIG. 8] A perspective view of a linear motor according
to the second embodiment of the present invention.

[FIG. 9] A schematic diagram showing a modification of
the pitch drive apparatus according to the second embodiment
of the present invention.

[FTGu'lo] A schematic diagram showling another
modification of the pitch drive apparatus accordling to the
second embodiment of the present invention.

Explanation of Reference:

(002771
1l: Wind generator

4: Rotor head

6: Wind turbine rotor blade
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/7. Generator set

11, 31: Pitch drive apparatus
12, 12A, 12B: Linear actuator
13: Cylinder

14, 14A, 14B: Rod

32: Linear motor

33: Rail

34: Gulde

O: AxXls center

Best Mode for Carrying Out the Invention

[0028]

Embodiments of the present invention will be explained
wlith reference to the drawlngs.

[First Embodiment]

A wind generator according to a first embodiment of the

present i1nvention will be explained with reference to FIGs. 1

to 5.

FIG., 1 1s a side view showing an overall schematic

structure of a wind generator 1 according to a first

embodiment of the present invention.
As shown in FIG. 1, the wind generator 1 produces

electricity using wind power. The wind generator 1 includes a

column 2 standing on a base B, a nacelle 3 provided on an

upper end of the column 2, a rotor head 4 provided on the
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nacelle 3 such that the rotor head 4 can rotate around a
substantially horizontal axis, a head capsule 5 covering the
rotor head 4, a plurality of wind turbine rotor blades 6
radially mounted around a rotation axis of the rotor head 4,

and a generator set 7 which generates electricity by rotating

the rotor head 4.

[0029]

As shown 1n FIG. 1, the column 2 extends upward from the
base B (upward in FIG. 1), and a plurality of units is
connected in the vertical direction or the like.

The uppermost portion of the column 2 is provided with
the nacelle 3. When the column 2 includes the plurality of
units, the nacelle 3 1s disposed on the uppermost unit.

As shown 1n FIG. 1, the nacelle 3 rotatably supports the
rotor head 4, and the generator set 7 which generates

electricity by rotating the rotor head 4 is accommodated in

the nacelle 3.

[0030]

The plurality of wind turbine rotor blades 6 is radially
mounted on the rotor head 4 around the rotation axis thereof,
and the periphery of the rotor head 4 is covered with the head

capsule 5.

In this structure, when a wind hits the wind turbine

rotor blades 6 from a direction of the rotation axis of the

rotor head 4, a force for rotating the rotor head 4 around its
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rotation axis is generated in the wind turbine rotor blades 6,
and the rotor head 4 is rotated and driven.

[0031]

Although three wind turbine rotor blades 6 are provided
in this embodiment, the number of the wind turbine rotor
blades 6 is not limited to three, but the number may be two,
four or more with no particular limitation.

[0032]

FIG. 2 is a schematic diagram for explaining a positional
relation between one of pitch drive apparatuses 11 and one of
the wind turbine rotor blades 6.

The rotor head 4 1s provided with the pitch drive
apparatuses 11 which rotate the wind turbine rotor blades 6
around 1ts axis center O to change a pitch angle of the wind
turbine rotor blade 6. The pitch drive apparatuses 11 are
provided so as to correspond to the wind turbine rotor blades
© 1n a one-to—-one correspondence relationship.

[0033]

The wind turbine rotor blades 6 are turnably supported by
a rotating wheel bearing 23 in which the rotor head 4 is

.

provided with a base portion 21 on the side of a blade root.

A roller bearing 1is preferably used as a slide bearing used
hereiln.
The base portion 21 is formed into a cylindrical shape.

The base portion 21 includes a circular end surface 22 on the
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side of the rotor head 4. The base portion 21 is provided at

the entire periphery thereof with a flange (not shown)

projecting radially outward. The flange is turnably supported
by the rotating wheel bearing 23 provided on the side of the
rotor head 4. Therefore, the entire wind turbine rotor blade
6 can turn with respect to the rotor head 4.

[0034]

The pitch drive apparatus 11 includes a linear actuator
12. The linear actuator 12 has a cylinder (main body) 13 and
a rod 14 which appears from the cylinder 13 in the axial
direction thereof. The linear actuator 12 indicates a driving
apparatus which applies straight motion to a subject using the
operating principles (an electromagnetic force) of the linear
motor. The linear actuator 12 has such a structure that a
cylindrical rotation motor is developed straightly.

The pitch drive apparatus 11 is provided with a cylinder

bearing 15 disposed between the rotor head 4 and the cylinder
13, and a rod bearing 18 disposed between the rod 14 and the
end surface 22 of the wind turbine rotor blade 6.

[0035]

The cylinder 13 is a cylindrical hollow member, and a

plurality of cylindrical electromagnetic coils (hot shown) 1s

arranged in the cylinder 13 in the longitudinal direction
Chereof. The rod 14 has a permanent magnet and is disposed in

a space rformed by the coils. The rod 14 appears from the
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cylinder 13 by adjusting a magnetic pole of the
electromagnetic coils of the cylinder 13.

A.meChanism of the appeared rod 14 1s not limited to the
above, and an appropriate mechanism can be used alternatively.

[0036]

As described above, the lilinear actuator 12 includes the
cylinder 13 and the rod 14 which appears from the cylinder 13
in the axial direction thereof. Therefore, the linear
actuator 12 operates substantially in the same manner as a
hydraulic cylinder.

Thus, the pitch drive apparatus 11 can be constituted

with the structure same as that of the hydraulic cylinder in
which the cylinder 13 is mounted on the side of the rotor head
4 on the fixed side and the tip end of the rod 14 is mounted
on the side of the wind turbine rotor blade.

[0037]

FIG. 3 1s a block diagram showing an outline of an
operatlion circuit 24 of the pitch drive apparatus 11.

The operation circuit 24 includes a plurality of
controllers 25 which are disposed in the rotor head 4 and
control operations of the corresponding linear actuators 12, a
plurality of batteries (power supplies) 26 which are disposed
in the rotor head 4 and supply electricity to the controllers
295, a main power supply 27 disposed in the nacelle 3, a PLC

(Programmable Logic Controller) 28 which is disposed in the
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nacelle 3 and control the entire operation, and a main
electricity path 29 through which electricity is supplied to
Che controllers 25 from the main power supply 27.

[0038]

The maln electricity path 29 is connected by means of a

rotary joint 30 such that the rotor head 4 can rotate with

respect to the nacelle 3.

1]

The main electricity path 29 branches of:

in the rotor

head 4 to supply electricity to the controllers 25.

A capacitor may be used instead of the battery 26.

[0039] -

Since the linear actuator 12 is electrically driven, the
electric wire thereof is simple in structure as compared with
a hydraulic pipe. Further, since there is no operation of

connecting the hydraulic pipe, there is no risk such as

mixture of a foreign matter and leakage of o0il. Further, as a
contact portion causing fine motion is not included, it is
unnecessary to take a fretting damage into consideration.
Moreover, a part having short lifetime such as a belt is not

included, a troublesome frequent maintenance operation 1s not

N

TN

cquilred.
With this structure, it is possible to prevent long-term

reliabllity of the pitch drive apparatus 11 from belng

deteriorated.

[0040]
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The cylinder 13 1s provided with a pair of trunnions 17

N

as cylindrical members extending from a cylindrical surface o:

the cylinder 13 in the axilal direction of the wind turbine
rotor blade 6, 1.e., 1n a Z-axial direction.

The cylinder 13 1is disposed so as to extend substantially

in parallel to a plane (i.e., a plane X-Y) which 1is

substantially 1n parallel to the end surface 22 of the wind
turbine rotor blade 6.

The cylinder bearing 15 supports the pair of trunnions 17
of the cylinder 13 such that the trunnions 17 can turn around

an axls of the wind turbine rotor blade 6, i.e., around an

axls extending along the Z-axis.

[0041]

A rod bearing 16 1s disposed on the tip end of the rod 14.
A column 18 stands on the end surface 22 at a distance from
Che axls center O thereof. The rod bearing 16 is turnably
mounted on the column 18, and absorbs turning motion around

the Z—-axis.

The rod bearing 16 may be a spherical bearing so as to
absorb turning motions around the X-axis and Y-axis in the
drawing.

[0042]

As shown 1in FIG. 1, there may be exemplified the

generator set 7/ which includes a generator to which a rotation

driving force of the rotor head 4 is transmitted and generates
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electricity, and a transformer which converts electricity
generated by the generator i1into a predetermined voltage.

[0043]

Next, an outline of a power generating method using the
wind generator 1 constituted as described above will be
explained.

In the wind generator 1, a force of wind which hits the
wind turbine rotor blades 6 from the rotation axis direction
of the rotor head 4 is converted 1nto power for rotating the
rotor head 4 around the rotation axis thereof.

[0044]

Rotation of the rotor head 4 is transmitted to the
generator set 7, electricity 1s generated by the generator,

then the electricity 1s converted into a predetermined voltage

by the transformer, and the voltage 1s converted into an AC
voltage of a predetermined frequency by an inverter.

At least while electricity 1s generated, in order to
effectively apply a wind force to the wind turbine rotor blade
o, the nacelle 3 1is appropriately rotated on a horizontal

plane and the rotor head 4 is directed upstream of the wind.

[0045]

pr—

Next explalned 1s control of a pitch angle of the wind

furbline rotor blade 6 by the pitch drive apparatus 11.

As shown 1n FIG. 2, the pitch drive apparatus 11 turns

the wind turbine rotor blade 6 around the axis center O by



CA 02709024 2010-07-23

19

extending the rod 14 from the cylinder 13 or pulling the rod
14 into the cylinder 13, thereby changing the pitch angle

thereof.‘

Electricity 1s supplied from the main power supply 27 to
the controller 25 through the main electricity path 29. Using
this electricity, the controller 25 adjusts the polarity of
the electromagnetic coils in the cylinder 13, moves the rod 14
in the axial direction thereof, and extends the rod 14 from

the cylinder 13 or pulls the rod 14 into the cylinder 13.

[00406]

When the rod 14 is extended from the cylinder 13, since
the end of the rod 14 is fixed at a position separated from
Che axis center O of the wind turbine rotor blade 6, a force
rotating around the axial direction is applied to the wind
turbilne rotor blade 6.

When the wind turbine rotor blade 6 rotates around the

axls center O, since a tip end position of the rod 14 moves in

the end surface 22 as shown with two-dot chain line in FIG. 2,
Che cylinder 13 and the rod 14 turn around the axis of the
Crunnion 17 by the cylinder bearing 15.

At the same time, also in the rod bearing 16, the rod 14
and the wind turbine rotor blade 6 relatively turns around an

axls substantially in parallel to the Z-axis.

[0047]

When the rod 14 is pulled into the cylinder 13, the wind
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turbine rotor blade 6 turns around the axis, and the cylinder
13 and the rod 14 turn around the axis of the trunnion by the
cylinder bearing 15 1n the same manner as described above.

[0048]

When the main power supply 27 has a power failure, the
linear actuator 12 is not operated and the pitch angle of the
wind turbine rotor blade 6 cannot be adjusted.

In this state, there is a possibility that the wind

turbine rotor blade 6 or the like is damaged and electricity

generating efficiency is deteriorated depending upon a power
of wind. Therefore, the wind generator 1 is urgently stopped
for inspection or repair.

In this case, the controller 25 causes the battery 26 to
discharge so as to operate the linear actuator 12, adjusts the
pitch angle of the wind turbine rotor blade 6, and brings the

wind turbine rotor blade 6 to the feather position.

In this manner, even in a case where the main power

supply 27 cannot be used due to a power failure or the like,

the linear actuator 12 can be operated using the electricity
of the battery 26 and the wind turbine rotor blade 6 can be

brought into the feather position. Therefore, the wind

generator 1 can be stopped safely.

[0049]

Although the pitch drive apparatus 11 is constituted

using one set of linear actuator 12 for each of the wind
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turbine rotor blades 6 1n this embodiment, there may be
employed modifications 1n which two sets of linear actuators

12 are used for each of the wind turbine rotor blades 6 as

shown in FIGs. 4 and 5.

10050}

Specifically, according to the modification shown in FIG.
4, linear actuators 12A and 12B have basic positions (the
state shown 1n FIG. 4) substantially in parallel to the X-axis
as shown 1n the drawing or in a form of ") (" with the axis
center O 1nterposed therebetween, and the linear actuators 12A
and 12B are disposed in the same manner as that of the above-
described embodiment.

A rod 14A of the linear actuator 12A has a stroke
extending and contracting from a most contracted position Al
to a most extended position Bl. Similarly, a rod 14B of the
linear actuator 12B has a stroke extending and contracting

from a most contracted position A2 to a most extended position

B2.

[0051]

In the structure example shown in FIG. 4, when a piston

rod 14A (14B) of the linear actuator 12A (12B) is contracted
most at the position Al (A2), a piston rod 14B (14A) of the

other linear actuator 12B (122) is located at the most

extended position B2 (Bl).

By rotating motors of the linear actuators 12A and 12B in
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the directions opposite from each other, the rod 14A (14B)

extends (contracts) on the side of the linear actuator 12A

e

(12B), and the tip end position of the rod 14 moves so as to

draw an arc locus swelling outward from the point Al (B2) to
the point Bl (A2) as shown with a phantom line in the drawing.

[0052]

As a result, the linear actuator 12A (12B) pushes the
wind turbine rotor blade 6, and the other llnear actuator 12B
(12A)'pulls the wind turbine rotor blade 6. With this
structure, the wind turbilne rotor blade 6 can be rotated in a
clockwlise (counterclockwlse) direction.

In this manner, the pitch drive apparatus 11 turns the

wind turbine rotor blade 6 using the two sets of linear

actuators 12A and 12B for the wind turbine rotor blade 6.
Therefore, even 1f the linear actuators 12A and 12B having

short strokes of the rods 14A and 14B are employed, a pitch

angle control range of substantially 90° can be obtained as in

the conventional technique.

[0053]

More specifically, in a case where conditions such as a

diameter of the end surface 22 and a control angle o are the
same as those shown 1n FIG. 1, a distance (a radius of the arc
locus) from the axis center 0O as the turning center to the
connection points Pl and P2 can be set smaller than that using

one set of the linear actuator 12. Thus, strokes required for
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the linear actuators 12A and 12B can be made shorter.

When the linear actuators 12A and 12B having short
strokes are used, the electric cylinder 1tself 1s made small
and a welght thereof 1s reduced. Thus, the linear actuators
12A and 12B can be accommodated 1n the rotor head 4, a through
hole for the electric cylinder which is required in the
conventional technique becomes unnecessary, and the cylinder

bearing and the like can be simplified. Therefore, the shape

and the structure of the entire rotor head 4 can be simplified.
With such simplification of the rotor head 4, the number of

machining step can be reduced, which 1s advantageous 1n terms

of costs.

[0054]

One of the linear actuators 12A and 12B, e.g., the linear
actuator 12A may laterally reversely be oriented such that the

tip end of the rod 14A may be fixed to the rotor head 4. In

this case, the tip end of the cylinder 13A 1s connected to the

end surface 22.

[0055])

In the modification shown in FIG. 5, the linear actuators

12A and 12B are disposed point-symmetrically with respect to

the axis center O.

Even when the linear actuators 12A and 12B are disposed

in this manner, the same operation and effect as those shown

in FIG. 4 can be obtained.
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According to the modification shown in FIG. 5, motions of

the rods 14A and 14B of the linear actuators 12A and 12B, i.e.,

expansions and contractions are carried out 1n synchronization
with each other. Thus, control of motion of the linear
actuators 12A and 12B can further be simplified.

[0056]

[Second Embodiment]

Next, a wind generator 1 according to a second embodiment

of the present invention will be exXplained with reference to

FIGs. ©6 to 8.

The structure of a pitch drive apparatus 31 according to
the present embodiment 1s different from that of the first
embodiment. Thus, the different portion will be explained
mainly, and explanation of the portion same as that of the
first embodiment will not be repeated.

The same members as those of the first embodiment are

designated with the same symbols.

[0057]

In this embodiment, the pitch drive apparatus 31 includes
a linear motor (a drive member, or a linear actuator) 32. The
linear motor 32 includes a rail 33 having coils arranged along

a longitudinal direction thereof, and a guide 34 having a

magnet.

An operation circuit which supplies electricity to the

colls of the rail 33 has the same structure as that of the
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first embodiment. That 1is, the operation circult has an
emergency battery or a capacitor.

[0058]

As shown in FIGs. 6 and 7, the rail 33 1s curved so as to
constitute a partial circle formed around the axis center O of
the wind turbine rotor blade 6. The rail 33 1s held by
brackets 35 which are fixed to the rotor head 4 at a distance
from one another. That 1is, the rail 33 is fixed to the rotor
head 4.

An angle formed between lines connecting the axis center
O and two ends of the rail 33 i1s 95° for example. This 1s
because, with the wind turbine rotor blade 6 which is designed
to generate 1lift even when a wing chord agrees with a
direction of the wind, the adjustment range of the pitch angle
1s lncreased so as not to generate 1ift.

[0059]

A projecting portion 37 which guides the guide 34 is
provided on an inner peripheral surface of the rail 33 over
the entire length at an intermediate position in the width
direction.

The guide 34 1s movably engaged with the projecting
portion 37 of the rail 33, and is fixed to the end surface 22
of the wind turbine rotor blade 6 using a bracket 36.

The linear motor 32 moves the guide 34 along the rail 33

by adjusting a magnetic pole of the coils arranged on the rail
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33.

A mechanism for moving the guide 34 1is not limited to the
colls, and an approprilate mechanlism may be alternatively used.

[0060]

Since the linear motor 32 1s electrically driven, its
electric wire is simple as compared with the hydraulic pipe.
Further, since there 1s no operation of connecting the

hydraulic pipe, there 1s no risk such as mixture of a foreign

matter and leakage of o0i1l. Further, as a contact portion
causing fine motion is not included, it is unnecessary to take
a fretting damage 1nto consideration. Further, a part having
short lifetime such as a belt is not included, a troublesome
frequent maintenance operation 1s not required.

With this structure, it 1is possible to prevent long-term

reliability of the pitch drive apparatus 31 from being

deteriorated.

(0061]

Next, motion of the wind generator 1 constituted as
described above will be explained.
Since the electricity generating method using the wind

generator 1 1s the same as that of the first embodiment, the

same explanation 1is not repeated.

Next, control of the pitch angle of the wind turbine

rotor blade 6 by the pitch drive apparatus 31 will be

eXplained.
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The pitch drive apparatus 31 moves the guide 34 along the

ralil 33 by adjusting the magnetic pole of the coils arranged

on the rail 33. If the gulde 34 1s moved, the end surface 22
turns around the axis center O with respect to the rotor head
4 via the bracket 36. Thus, the pitch angle of the wind
turbine rotor blade 6 can be changed.

10062 ]

At this time, since the rail 33 constitutes a portion of
a clrcle formed around the axis center O of the wind turbine
rotor blade 6, a moving position of the guide 34 and a
rotation angle of the wind turbine rotor blade 6 correspond to
each other. Therefore, i1t is possible to easily control the
pitch angle of the wind turbine rotor blade 6.

[0063]

The rail 33 1s provided at a position closer to an outer

peripheral surface of the end surface 22, i.e., a position

separated from the axis center O of the wind turbine rotor

blade o.

With this structure, a radius of curvature of the rail 33
1s increased and thus the curvature of the rail 33 is reduced.
When the curvature 1is reduced, the curve of the rail 33 is
reduced and reliability of the linear motor 32 can be enhanced.

In this manner, it i1s preferable that the rail 33 is

provided at a position separated from the axis center O of the

wind turbine rotor blade 6 as far as possible.
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[0064]

Although the base portion 21 of the wind turbilne rotor
blade 6 1s located inside the rotor head 4 1n the present
embodiment, the base portion 21 of the wind turbine rotor
blade 6 may be located outside the rotor head 4 as shown in
FIG. 9.

[0065]

The linear motor 32 may be incorporated between an inner

wheel and an outer wheel of the rotating wheel 23 as shown in

FIG. 10.

[0066]

The rail 33 is mounted on the rotor head 4 on the fixed
side and the guide 34 is mounted on the wind turbine rotor
blade 6 on the movable side, which may be reversed. That is,
the rail 33 may be mounted on the wind turbine rotor blade 6

on the movable side and the guide 34 may be mounted on the

rotor head 4 on the fixed side.

[0067]

Although one set of the linear motor 32 is provided in
the présent embodiment, a plurality of sets of linear motors
32 may be provided. As rotation driving forces are combined
together with this structure, each of the linear motors 32 may
have small output in the same condition. Thus, reliability
thereof can be enhanced.

[0068]
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The present invention is not limited to the embodiments

described above, but can approprilately be changed within a

pr—,

range not departing from a subject matter of the present

invention.
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CLAIMS
1. A pitch drive apparatus of a wind generator, the pitch
drive apparatus for moving a wind turbine rotor blade having a
blade root mounted so as to be turnable around a blade

longitudinal direction with respect to a rotor head, whereiln

th

N

e plitch drive apparatus includes a drive member having

a linear actuator which turns and drives the wind turbine
rotor blade around the blade longltudinal direction and

changes a pitch angle thereof.

2 . A piltch drive apparatus of the wind generator according

to claim 1, wherein the linear actuator i1ncludes a columnar

main body, and a rod appearing from the main body in an axial

direction thereof.

3. A pitch drive apparatus of the wind generator according

to claim 2, whereln the wind turbine rotor blade includes two

pr—
p—

sets of linear actuators each identical with the actuator o:

claim 2.

4 . A pitch drive apparatus of the wind generator according

to claim 1, wherein the linear actuator includes a rail

disposed on a predetermined path, and a guide moving along the

rail.
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5. A pitch drive apparatus of the wind generator according
to claim 4, wherein the rail constitutes a portion of a circle
formed around an axis center of the wind turbline rotor blade.

6. A pltch drive apparatus of the wind generator according

to claim 4 or 5, wherein the rail is provided at a position

separated from the axis center of the wind turbine rotor blade.

7. A pitch drive apparatus of the wind generator according
to any one of claims 1 to 6, whereln an emergency power supply

for operating the linear actuator by discharging is provided

in the rotor head.

8 . A wind generator comprising:

a plurality of wind turbine rotor blades for receiving a

wind force;

a rotor head for supporting the wind turbine rotor blades

sO as to be turnable around an axial direction of the wind

turbine rotor blades and being rotated and driven by the wind

turbine rotor blades;

a pltch drive apparatus according to any one of claims 1

to 7; and

a generator set for generating electricity by rotation of

the rotor head.
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