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(57) Abréegée/Abstract:

An object Is to provide a cylinder driving device of a wind-power generation system capable of appropriately controlling a pitch
angle of each rotor blade at a time of power faillure with a simple configuration. The present invention achieves the object by
Including a piston connected to the rotor blade; a cylinder that moves the piston by a hydraulic pressure; an urging member that
urges the piston in one direction; an accumulator that is connected to the cylinder, and supplies hydraulic oil urging the piston In an
opposite direction to a direction where the piston Is urged by the urging member to the cylinder; and an on/off valve that controls
opening or closing of a channel between the accumulator and the cylinder.
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ABSTRACT

An object 1s to provide a cylinder driving device of a

P
—

wind-power generation system capable of appropriately

controlling a pitch angle of each rotor blade at a time o:

gri=e

I}

power failure with a simple configuration. The present

invention achieves the object by including a piston

connected to the rotor blade; a cylinder that moves the

piston by a hydraulic pressure; an urging member that urges

the piston 1n one direction; an accumulator that is

connected to the cylinder, and supplies hydraulic oi:

urging the piston in an opposite direction to a direction

where the piston is urged by the urging member to the

cylinder;

P

and an on/of

P

closing o:

cylinder.

r valve that controls opening or

~ a channel between the accumulator and the

30
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DESCRIPTION

CYLINDER DRIVING DEVIC.

L]

Field

[0001] The present invention relates to a cylinder

Hh
(V)

driving device that adjusts an angle of a rotor blade o:

wind-power generation system.

Rackground

(0002 ] A wind-power generatlion system 1s a system that

rotates a wind turbine (rotor blades) by a wind blowing

over the turbine or blades and that generates electric

power by a rotational force of the wind turbine. As this
wind-power generation system, there has been known a wind-

power generatlion system that includes an angle adjustment

mechanism that adjusts an angle of each blade so that the

wind turbine has an optimum rotation speed to efficiently

generate and supply electric power. For example, Patent

Literature 1 describes a varilable blade mechanism capable

of changing a pitch angle of a blade (a rotor blade)

provided on a rotor head of a wind turbine, where a servo

actuator 1s configured to 1nclude a hydraulic actuator

driven to change the pitch angle of the blade; a bi-

directional pump having both discharge ports connected to

the hydraulic actuator, and actuating the hydraulic

actuator 1n a positive or negative direction according to a

P

rotational directilion ©of the bi-directional pump; and a

o

T driving the bi-

positive/negative rotation motor capable o

directional pump 1n the positive or negative direction, and

where the servo actuator 1s attached to the rotor head of

the wind turbine. In thils manner, 1t 1s possible to

efficiently generate electric power by adjusting the angle

of the rotor blade.
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[0003] In a case of the wind-power generation system

o

that adjusts the angle of the rotor blade as described

above, 1t 1s necessary to actuate the system safely even

when the electric power to be supplied to the variable

blade mechanism decreases due to power failure or the like.

ﬂ

In this respect, Patent Literature 2 describes a wind-power

generation system that includes a wind turbine rotor

including blades having variable pitch angles, a pitch

control mechanism that drives each of the blades to control

the pitch angle of the blade; and an emergency power supply

mechanism that supplies electric power generated from

rotation of the wind turbiline rotor to the pitch control

i)

mechanism in response to occurrence of an abnormality of a

fall in a system voltage of an electric system.

Citation List

Patent Literature

10004 ] Patent Literature 1: Japanese Patent Application
Laid-open No. 2002-276535

Patent Literature 2: Japanese Patent Application Laid-
open No. 2007-238599
Summary

Technical Problem

[0005] As described i1in Patent Literature 2, 1t 1s
possible to drive the wind-power generation system even 1n

an emergency similarly to operations at normal times by

providling the emergency power supply mechanism that

*

acquires the power from the rotation of the wind turbine

rotor. However, the conventional technigue has the

following problems. It 1s necessary to provide the

emergency power supply mechanism anew 1n the wind-power

generation system. In addition, the emergency power supply
mechanism uses the electric power generated in the wind-

power generation system. Accordingly, the device cost and
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energy cost disadvantageously rise.

(0006] Moreover, as shown in FIG. 7, the wind-power

generation system is configured so that an accumulator is

provided in a cylinder driving mechanism that adjusts a

pitch angle of a rotor blade so as to deal with the time o:

an emergency. FIG. /7 1s a block diagram of a schematic

configuration of a conventional cylinder driving device.

cylinder driving device 200 shown in FIG. 7 is a device

F

that adjusts a pitch angle of a rotor blade 230, and

includes a cylinder 202; a piston 203 that is arranged

within the cylinder 202, connected to the rotor blade 230

via a connecting member, reciprocates along the cvlinder

202 by a hydraulic pressure of hydraulic oil supplied into

F

the cylinder 202, and changes the pitch angle of the rotor

plade 230; a bi-directional hydraulic pump 204 that

supplies the hydraulic oil

to two pipes, respectively, the

F

two pipes being a pipe 210 connected to a side of the

cylinder 202, into which side the connecting member

connected to the piston 203 is not inserted and a pipe 212

connected to a side of the cylinder 202, into which side a

rod portion of the piston 203 is inserted; a check valve

206 that discharges a surplus of the hydraulic oil in the

pipes 210 and 212; a tank 208 that stores the hydraulic oil

discharged from the check valve 206; and a hydraulic

adjustment mechanism 220 connected to the pipe 210. In FI

/7, the cylinder driving device 200 supplies the hydraulic

o1l to the cylinder 202 from the pipe 210 by the bi-

directional hydraulic pump 204 and moves the piston 203,

thereby moving the rotor blade 230 in a direction of

feathering wind resistance

R—

(hereinafter, also "feathering

direction”). Furthermore, the hydraulic adjustment

mechanism 220 includes an accumulator 222 that stores the

hydraulic oil and supplies the hydraulic oil to the pipe
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210 according to need; an on/off valve 224 that switches

opening and closing of a channel pbetween the accumulator

222 and the pipe 210, and a safety valve 226 arranged 1n

et

parallel with the on/off valve 224 and causing the

hydraulic oil to flow only 1n a direction from the pipe 210
to the accumulator 222. At a time of ordinary operations,

the cylinder driving device 200 supplies the hydraullc o1l

—t

from the bi-directional hydraulic pump 204 to the cylinder

202. The cylinder driving device 200 moves the rotor blade

230 in the feathering direction by supplying the hydraulic

oil to the pipe 210 from the bi-directional hydraulic pump

204, and moves the rotor blade 230 in an opposite direction

to the feathering direction (hereinafter, the opposite

direction is referred to as "fine direction"”) by supplyling

P
P

the hydraulic oil to the pipe 212. At such a time of

"

ordinary operations, the on/off valve 224 is 1in an of:

state, that is, 1in a state where no hydraulic o1l 1s

supplied from the accumulator 222 to the pipe 210.

[Q007] Next, when electric power 1s not supplied due to

occurrence of power failure such as 1nstantaneous power

failure and the bi-directional pump 204 cannot be driven,

then the cylinder driving device 200 opens the on/off valve
224 to turn i1nto a state where the channel between the

accumulator 222 and the pipe 210 1s continuous, and

supplies the hydraulic o1l to the cylinder 202 from the

accumulator 222 via the pipe 210. At this time, by using a

valve configured to be turned on in a power fallure state,

that 1s, 1n a state where the valve remalns open whlle no

k - |

bower 1is supplied as the on/off valve 224, the on/off wvalve

224 can be automatically opened during power failure. The

cylinder driving device 200 moves the rotor blade 230 in

the feathering direction by supplying the hydraulic o1l

from the pipe 210 to the cylinder 202.
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10008 ] In this manner, during power failure, the

cylinder driving device 200 supplies the hydraulic oil from

the accumulator 222 and moves the rotor blade 230 in the

rotor blade 230 to feather

feathering direction, thereby making it possible for the

the wind. This can suppress the

rotor plade 230 from rotating at a speed higher than a

necessary speed, a load applied to the rotor blade 230 from

g

increasing to cause a failure of the rotor blade 230.

Moreover, Dbecause the rotor blade 230 can be controlled at

g~

the time of power failure using only the accumulator 222,

1t 1s possible to make the

device configuration simpler and

reduce a production cost of a wind-power generation system.

P

nowever, at a time of an emergency, in the wind-power

generation system including the cylinder driving device 200

r

the cylinder driving device 200 rotates the rotor blade 230

F
p—

1n the direction of feathering the wind 1rrespectively of a

P

wind velocity so as to suppress rotation of a rotor.

Therefore, the cylinder driving device 200 cannot control

the rotor blade 230 similarly to the time of crdinary

operations, that is, cannot rotate the rotor blade 230

according to the wind velocity, resulting that power

generation cannot be performed efficiently.

0009} The present invention has been achieved in view

p—

g

0 the above problems and an object of the present

invention is to provide a cylinder driving mechanism of a

—

wind-power generation system capable of approprilately

controlling a pitch angle of a rotor blade with a simple

pr——

confilguration even at a time of power failure.

Solution to Problem

10010] According to an aspect of the present invention,

a cylinder driving device that adjusts a pitch angle of a

R—

rotor blade 1ncludes: a piston connected to the rotor blade

via a connecting member; a

cylinder that has the piston
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b

arranged thereiln, reciprocates an end of the piston by a

F
—

pressure difference between hydraulic pressures of

hydraulic oil supplied from outside, and reciprocates the

piston; an urging member that is arranged inside the

cylinder, and urges the piston in one direction; an

accumulator that is connected to the cylinder, and supplies
hydraulic oil urging the piston in an opposite direction to
a direction where the piston is urged by the urging member

P

Lo the cylinder; and an on/off valve that controls opening

P

or closing of a channel between the accumulator and the

cylinder.

10011] Advantageocusly, in the cylinder driving device,

L

the on/off valve opens a channel between the accumulator

and the cylinder at a time of occurrence of power failure.

P
g,

100121} According to another aspect of the present

invention, a cylinder driving device that adjusts a pitch

o~
p—

angle of a rotor blade includes: a piston connected to the

rotor blade; a cylinder that has the piston arranged

P

therein, reciprocates an end of the piston by a pressure

difference between hydraulic pressures of hydraulic oil

suppllied from outside, and reciprocates the piston; a

hydraulic-o1l supplying unit that supplies hydraulic oil to

the cylinder; a first pipe that supplies hydraulic oil

supplied from the hydraulic-oil supplying unit to the

cylinder so as to urge the piston in one direction; a

second pilpe that supplies hydraulic oil supplied from the

hydraulic-oil supplying unit to the cylinder so as to urge
the plston 1in an opposite direction to the one direction:

an accumulator that is connected to the cylinder, and

supplies hydraulic oil to a pipe connected to the cylinder;

an on/off valve that controls opening or closing of a

channel between the accumulator and the cylinder; and a

p—
v

f valve and the

swltch unit arranged between the on/o:
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cylinder, and switchable over between a path of supplying

hydraulic oil supplied from the accumulator to the first

pipe and a path of supplying hydraulic oil supplied from
the accumulator to the second pipe.

[0013] Advantageously, 1n the cylinder driving device,

F
—

the hydraulic-oil supplying unit stops at a time of

- =
e

occurrence of power failure, the on/off valve opens a

channel between the accumulator and the cylinder at a time

g

O occurrence of power failure, and the switch unit is

P P

activated at a time of occurrence of power failure.

F

10014 ] According to still another aspect of the present

invention, a cylinder driving device that adjusts a pitch

angle of a rotor blade includes: a piston connected to the

rotor blade; a cylinder that has the piston arranged

therein, reciprocates an end of the piston by a pressure

b

difference between hydraulic pressures of hydraulic oil

supplied from outside, and reciprocates the piston; a

hydraulic-oil supplying unit that supplies hydraulic oil to

the cylinder; a first pipe that supplies hydraulic oil

supplied from the hydraulic-o0il supplying unit to the

cylilnder so as to urge the piston in one direction; a

second pipe that supplies hydraulic oil supplied from the
hydraulic-oill supplying unit to the cylinder so as to urge

the plston 1n an opposite direction to the one direction:

and an urging member that is arranged inside the cylinder,

and urges the piston in a direction of moving the piston so

that the rotor blade moves in a direction of feathering a
wind.

Advantageous Effects of Invention

10015] The cylinder driving device according to the

present invention can appropriately control a pitch angle

F P

OL a rotor blade for a certain time even at a time of power

failure. Furthermore, the cylinder driving device



10

15

20

25

30

CA 02732985 2011-02-02

according to the present invention can be made simple in

TLhe device con:

COSsT.

—

Rraef

[0016]

E

COrn

cylinder driving device according to an embodiment of

flguration of

Description of

IG. 1 1s a side view O:

P

p—
p—

Drawings

figuration and can be manu:

P

M—

a Schematic

"actured at a low

a wilnd-power generation system using a

present 1nvention.

F1G.

of peripheral parts of

wind-power generation system shown in F:

FIG.
of a

FI1G.
of a
embodiment.

FI1G.

2 18 a block diagram

3 1s a block diagrs

5 1s a block diagram

p——

O

m O

4 1s a block diagram o:

@

P

pr——
p—

-

.

ga—

i —

a nacelle and

cylinder driving device shown in F:

the

a Schematilic con:

rotor blades

G. 1.

C1lguration

of the

a Schematic coni

G. 2.

flguration

a schematic con:

cylinder driving device according to another

flguration

a Schematic con:

of a cylinder driving device according to another

embodiment.

FIG.

6 1s a block diagram o:

P

s

b

f1guration

a schematic configuration

of a cylinder driving device according to another

embodiment.

F

I1G.

P
-—
OL

0017 ]

Description o:

—

Embodiments

/7 1s a block diagram o

P
f—

Exemplary embodiments o:

F

a Schematic con:

a conventional cylinder driving device.

‘lguration

a cylinder driving

device according to the present invention will be explained

below in detail with re:

The present invention is not limited to the

embodiments.

10018] BT

configuration of

cylinder driving device according to an em

G.

1l 1s a side view 0O

P

i
—

a Schematic

‘erence to the accompanying drawings.

following

a wind-power generation system using a

podilment of the



10

15

20

25

30

CA 02732985 2011-02-02

present i1nvention. FIG. 2 is a block diagram of a

g—e p—

schematic configuration of peripheral parts of a nacelle

and rotor blades of the wind-power generation system shown

in FIG. 1. As shown in FIGS. 1 and 2, a Wind-power

generation system 1 includes a column 12, a nacelle 14, a

rotor head 16, a plurality of rotor blades 18, a speed-up

gear 20, a generator 22, an anemometer 24, an anemoscope 26,

a lightning rod 28, a control unit 30, and a cylinder

driving device 40.

[0019] The column 12 is a post disposed on a foundation

11

L

formed on the ground. The nacelle 14 has the speed—-up

gear 20, the generator 22, the cylinder driving device 40

and the like installed therein, and is provided on a tip

P

end of the column 12 (an end of the column 12 opposite to a

connecting portion connected to the foundation 11). The

rotor head 16 is supported rotatably about an axis

generally horizontal to the nacelle 14. Further, the rotor

head 16 is connected to the speed-up gear 20. A plurality

g

Or rotor blades 18 are attached radially about a rotational

axls of the rotor head 16. The rotor blades 18 are blades

fixed to the rotor head 16 in a state of being rotatable,

together with the rotor head 16, about the rotational axis

of the rotor head 16. Each of the rotor blades 18 converts

gt

a force of a wind blown over from a direction of the

P ]

rotational axis of the rotor head 16 into a force of

rotating the rotor head 16 about the rotational axis.
[0020] The speed-up gear 20 is arranged within the

nacelle 14 and connected to the rotor head 16. The speed-

up gear 20 speeds up rotation of the rotor head 16 and
transmits the speeded-up rotation to the generator 22. The

generator 22 1s connected to the rotor head 16 via the

speed-up gear 20, and generates electric power from a

rotational force transmitted from the rotor head 16 and
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speeded up by the speed-up gear 20.

[0021] The anemometer 24, the anemoscope 26, and the

F

lightning rod 28 are arranged 1n an upper portion of the

nacelle 14. The anemometer 24 detects a wind velocity

around the nacelle 14 and the rotor blades 18 and transmits

a detection result to the control unit 30. The anemoscope

P

26 detects a direction of a wind blowing around the nacelle

14 and the rotor blades 18 and transmits a detection result

to the control unit 30. The lightning rod 28 prevents a

F

control circuit of the nacelle 14 from being damaged as a

*

result of thunderstorm striking the nacelle 14. Further,

the cylinder driving device 40 1s arranged within the rotor

head 16 and adjusts a pitch angle of each of the rotor
blades 18. The cylinder driving device 40 1is described

later 1n detail.

[0022] The control unit 30 1s a device that controls

operations performed by respective parts such as the

generator 22 and the cylinder driving device 40. For

example, based on the detection results transmitted from
the anemometer 24 and the anemoscope 26, the control unit

30 controls the cylinder driving device 40 to adjust the

pltch angle of each of the rotor blades 18 or determines to
activate or deactivate power generation made by the
generator Z22.

[0023] The cylinder driving device 40 is described next

F

in detail. FIG. 3 1s a block diagram of a schematic

P

configuration of the cylinder driving device 40 shown 1n

FIG. 2. As shown 1in FIG. 3, the cylinder driving device 40
includes a cylinder 42, a connectling member 44, a plston 45,
a bi-directional hydraulic pump 46, a check valve 48, a
tank 50, pipes 52 and 54, a hydraulic adjustment mechanism
o6, and a sprilng 68.

(0024 ] The cylinder 42 1s a cylindrical member 1into

10
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which hydraulic oil is injected and the piston 45 is

inserted into the cylinder 42. Furthermore, the pipe 52 is

connected to neighborhoods of one end of the cylinder 42

pr—

(neighborhoods of a bottom surface 42b of a cylindrical

shape), and the pipe 54 is connected to neighborhoods of

e

L a Top

the other end of the cylinder 42 (neighborhoods o:

F

ace 4Za of the cylindrical shape).

i}

SUY.

10025] The connecting member 42 is a rod member,

inserted into the cylinder 42 from the top surface 42a of

grisr

the cylinder 42 (an end surface closer to the rotor blade

18). One end of the connecting member 44 is connected to

the piston 45 arranged in the cylinder 42 and the other end

—

thereof 1s connected to the rotor blade 18 via a link or

the like.

The piston 45 is a cylindrical member connected to the

”

end of the connecting member 44, which end is arranged in

the cylinder 42 and generally identical in shape to a

—

cylindrical inner wall of the cylinder 42. The piston 45

P

divides an internal space of the cylinder 42 into a top

surtface 4Z2a side and a bottom surface 42b side of the

P
p—

cylinder 42. The piston 45 receives a difference between

the hydraulic oil supplied from the pipe 52 connected to

F

the bottom surface 42b side of the cylinder 42 and the

hydraulic o1l supplied from the pipe 54 connected to the

P

top surface 42Z2a side of the cylinder 42, that is, a

difference between hydraulic pressures of the hydraulic oil
supplied into the cylinder 42. The piston 45 moves along

the cylinder 42 in a direction where the pressure is lower.

Specifically, the piston 45 moves in a direction farther

from the bottom surface 42b of the cylinder 42 when the

hydraulilc o1l 1s supplied from the pipe 52, and moves in a

P

direction closer to the bottom surface 42b of the cylinder

42 when the hydraulic oil is supplied from the pipe 54.

11
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Moreover, because of connection of the piston 45 to the

rotor blade 18 via the connecting member 44, a

r—

reciprocating motion of the piston 45 1s transmitted to the

rotor blade 18 via the connecting member 44 and the rotor

blade 18 1s rotated based on a center of the link (that 1s,

P

around the rotation axis of the rotor blade 18

). The pitch

angle of the rotor blade 18 changes when the rotor blade 18

rotates about the rotation axis of the rotor blade 18.

Specifically, the pitch angle of the rotor blade 18 changes

P
—

in a direction of feathering the wind (hereinafter,

A

direction farther from the bottom surface 42b.

angle of the rotor blade 18 changes 1n a direction of

receiving a greater wind force, that 1s, in a direction of

P

converting the force of the blown wind into a

force of

feathering direction") when the piston 45 moves 1n the

The pitch

gt
—

'}

rotation at a higher velocity (hereinafter, "fine

directilion") when the pilston 45 moves 1n the dilirection

closer to the bottom surface 42Db.
[0026] The bi-directional pump 46 1s a pump
the pipes 52 and 54 and supplies the hydraulic

pipes 52 and 54, respectively. In the present

F
-

the bi-directional pump 46 can have any one oO:

connected to
o1l to the
embodiment,

the

configurations, that 1s, the bi-directional pump 46

supplies the hydraulic o1l only to the pipe 57

directional pump 46 supplies the hydraulic o1l

pipe 54, and the bi-directional pump 46 supplles di

pr——

amounts of hydraulic 01l to the pipes 52 and 5

, LThe bi-

only to the

pr—

"erent

4,

respectively. The check valve 48 1s a non-return valve

connected to both of the pipes 52 and 54. When the

pressure of the hydraulic o1l of at least one of the pipes

52 and 54 1s equal to or higher than a certain

pressure,

y—

the hydraulic 01l 1s discharged from at least one of the

pipes 52 and 54. DMoreover, no hydraulic oil 1

12

s dilischarged
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to the pipes 52 and 54 because the check valve 48 i1is the

non-return valve. Therefore, the hydraulic o1l does not

flow from the pipe 52 to the pipe 54 and vice versa via the
check valve 48 although the check valve 48 connects the
pipes 52 and 54 to each other. The tank 50 is a tank that

stores the hydraulic o1l discharged from at least one of

the pipes 52 and 54 to the check valve 48.
0027 ] The hydraulilic adjustment mechanism 56 1s a

hydraulic o©i1l supply mechanlism connected to the pipe 54,

and includes an accumulator 60, an on/off valve 62, and an

i

on/off-valve driving power supply 66. The accumulator 60

F
—

1s a hydraulilic accumulator that holds the hydraulic o1l of

a certaln amount 1n a high pressure state and connected to

F
.

valve 62. The on/off valve 62

the pipe 54 via the on/of:

1s arranged between the accumulator 60 and the pipe 54 and

P

swlitches over between opening and closing of a channel

between the accumulator 60 and the pipe 54. The on/off-

valve driving power supply 66 1s a backup power supply such

as a pbattery cell, a capacitor or a battery having stored

P

therein electric power of a certain amount, and supplies

F

the electric power to the on/off valve 62 at the time of

P

power failure (that 1s, when supply of electric power from

a power plant or the like via an electric cable stops). At

the time of normal operations, the on/off valve 62 is

driven by electric power supplied from a control unit, for

example, electric power generated by the power plant or the

like and supplied via an electric cable.

[(0028] The spring 68 1s an urging member that is

arranged between the piston 45 and the top surface 42a of

the cylinder 42 1n the cylinder 42. The spring 68 is a

tension spring and pulls the piston 45 to the top surface

472a slde of the cylinder 42. That 1s, the spring 68 causes

a force to act on the pilston 45 in a direction where the

13



10

15

20

25

30

CA 02732985 2011-02-02

rotor blade 18 moves in the feathering direction.

[0029] The cylinder driving device 40 is configured as

stated above, and supplies the hydraulic oil from the bi-

directional hydraulic pump 46 to the cylinder 42 via at

F

least one of the pipes 52 and 54 at the time of normal

operations. The cylinder driving device 40 supplies the

hydraulic oil from the pipe 52 to the cylinder 42 by the

bi-directional hydraulic pump 46 so as to move the piston

45> to the top surface 42a side of the cylinder 42, thereby

moving the rotor blade 18 in

the feathering direction.

Moreover, the cylinder driving device 40 supplies the

hydraulic o1l from the pipe 54 to the cylinder 42 by the

pi-directional hydraulic pump 46 to move the piston 45 to

the bottom surface 42b side of the cylinder 42, thereby

moving the rotor blade 18 in

the fine direction. In the

present embodiment, the cylinder driving device 40

calculates a force acting on

F

urging force of the spring 68 and the hydraulic pressure of

the piston 45 by adding up an

the hydraulic oil, and controls a position of the piston 45

F

and the pitch angle of the rotor blade 18. The cylinder

i

driving device 40 controls the on/off valve 62 to be opened

or closed according to the power generated by the electric

power plant or the like and supplied via the electric cable

Co store the hydraulilic oil of a certain amount in the

accumulator 60 at the time of normal operations.

Specifically, to move the rotor blade 18 in the fine

direction, the hydraulic oil

directional hydraulic pump 46 to the pipe 54, the on/off

1s supplied from the bi-

valve 62 1s turned on while the hydraulic pressure of the

pipe 54 is high, and the accumulator 60 and the pipe 54 are

P

turned 1nto a state of being

connected to each other. By

doing so, 1t is possible to supply high-pressure hydraulic

01l from the pipe 54 to the accumulator 60 and store the
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high-pressure hydraulic o0il of a certain amount in the

accumulator o60.

[0030] An example in which the electric power is not

supplied due to power failure and in which the bi-
directional hydraulic pump 46 cannot be driven is described

next. First, when the rotor blade 18 is to be moved in the

feathering direction, the cylinder driving device 40 Keeps

)

the on/off valve 62 to be turned off.

By turning off the

PP

I valve 62, a state where no hydraulic oil is supplied

on/o

from the bi-directional hydraulic pump 46 and the

P

accumulator 60 1s created and the tension force of the

spring 68 for pulling the piston 45 to the top surface 42a

side of the cylinder 42 acts on the piston 45. As a result,

the piston 45 is moved to the top surface 42a side of the

cylinder 42 and the rotor blade 18 rotates in the

feathering direction. On the other hand, when the rotor

plade 18 1s to be rotated in the fine direction, the

FP
—

f valve 62,

cylinder driving device 40 turns on the on/o:

connects the accumulator 60 to the pipe 54, and supplies

the hydraulic oil from the accumulator 60 to the pipe 54.

When the hydraulic oil is supplied from the pipe 54 to the

top surface 4Za side of the cylinder 42, then the hydraulic

P

01l between the top surface 42a of the cylinder 42 and the

plston 45 increases in amount, and the hydraulic pressure

o~

rises. When the hydraulic pressure of the hydraulic oil

F

petween the top surface 42a of the cylinder 42 and a plate

connected to the piston 45 rises, then the hydraulic oil

causes a force for pushing the piston 45 toward the bottom

surface 42b side of the cylinder 42 acts on the piston 45,

the piston 45 moves to the bottom surface 42b side of the

cylinder 42, and the rotor blade 18 rotates in the fine

direction. n this manner, a state where no hydraulic oil

1s supplied from the accumulator 60 is created to allow the
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grom—

tension force of the spring 68 to dominantly act on the

plston 45, whereby the rotor blade 18 can be moved in the

feathering direction. Further, the hydraulic oil is

supplied from the accumulator 60 and the pressure of the

hydraulic oil supplied from the accumulator 60 is allowed

Lo dominantly act on the piston 45, whereby the rotor blade

18 can be moved in the fine direction. Moreover, by

adjusting this switch timing, the rotor blade 18 can be

kept at a current position. A wind-power generation system

10 calculates an optimum pitch angle of the rotor blade 18

or, to be specific, a pitch angle at which the rotor blade

can rotate with efficiency at an optimum rotation velocity

g

pased on the rotation speed of the rotor, actual pitch

angle information, and output electric power, and controls

P

manipulation of the cylinder driving device 40 so that the

pitch angle of the rotor blade 18 is equal to the

calculated pitch angle. However, even at the time of power

failure, the electric power is supplied from the backup

power supply such as the capacitor or battery so as to

drive a control device for calculating the pitch angle and

the like, whereby the wind-power generation system 10 is

—

turned into a state of being capable of making calculations

and controlling the cylinder driving device 40.

[0031] As described above, the cylinder driving device

40 of the wind-power generation system 10 can appropriately

- ~—

control the position of each of the rotor blades 18 only by

- -~
— e —

controlling the on/of:

valve 62 to be turned on or off even

It}

at the time of power

failure. Specifically, only by

h
h

F

valve 62 to be turned on or off even

controlling the on/o:

F

at the time of power failure by using the urging force of

M—

F

the spring 68 and the hydraulic pressure of the hydraulic

o1l supplied from the accumulator 60, the cylinder driving

device 40 can move the rotor blade 18 in both directions.
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the on/off

Dle cons;

_

‘1guration of the spring 68,

P
—

valve 62, and the on/off-

valve driving power supply 66, it is possible to

appropriately set the pitch angle of the rotor blade 18 for

a certain time or,

to be speci:

P
—

i1C,

for a time period either

pefore the hydraulic oil held in the accumulator 60 is

completely consumed or be:

‘ore the electric power of the

packup power supply is completely consumed even at the time

of power

power. Moreover,

P

faj

lure,

and to ef

F
—

because o:

-

ficlently generate electric

no need to drive the bi-

directional hydraulic pump 46, the electric power for

driving the wind-power generation system 10 at the time o-

power faillure can be reduced and it suffices to use a

D

small-capacity storage battery as the backup power supply

the control unit 30.
realize constant long-time contro:

power consumed at the time o:

10032]

device 40 is con:

for driving the on/o:

P
—

P

Furthermore,

f-valve driving power supply 66 and

1t 1s possible to

because the electric

. power failure can be reduced.

In the present embodiment, the cylinder driving

"1lgured to connect the hydraulic adjustment

mechanism 56 to the pipe 54 and to arrange the spring 68

P

petween the piston 45 and the top surface 42a of the

cylinder 42.

thereto.

configuration o:

another embodiment.

BT

G.

However,

h—

the present invention is not limited

4 1s a block dis

F

gram of a schematic
" a cylinder driving device according to

A cylinder driving device 70 shown in

FIG. 4 1s basically identical in configuration to the

g

cylinder driving device 40 shown in FIG. 3 except for

P

arrangement positions of the pipe 52 connected to the

nydraullic adjustment mechanism 56 and a spring 72.

Therefore,
device 70 identical to those o:

40 are denoted

by 1like re:

constituent elements of

P

F

the cylinder driving

L the cylinder driving device

‘erence signs and detailed
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P

descriptions thereof will be omitted, and characteristic

F

points of the cylinder driving device 70 are mainly

described below.

[0033] The cylinder driving device 70 shown in FIG. 4

includes the cylinder 42, the connecting member 44, the

piston 45, the bi-directional hydraulic pump 46, the check

valve 48, the tank 50, the pipes 52 and 54, the hydraulic

adjustment mechanism 56, and the spring 72. 1In the

cylinder driving device 70, the hydraulic adjustment

mechanism 56 is connected to the pipe 52. Because

respective parts of the hydraulic adjustment mechanism 56

P

are ldentical in configuration to those of the cylinder

grite.

driving device 40 shown in FIG. 3, explanations thereof

will be omitted. Furthermore, the spring 72 is arranged

petween the piston 45 and the bottom surface 42b of the

cylinder 42. The spring 72 is a tension spring and pulls

the piston 45 to a bottom surface 42b side of the cylinder

42. That 1is, the spring 72 causes a force to act on the

piston 45 in a direction where the rotor blade 18 moves in

a fine direction.

(0034 ] The cylinder driving device 70 is configured as

described above, and supplies hydraulic oil to the cylinder

42 via at least one of the pipes 52 and 54 by the bi-

directional hydraulic pump 46 to move the piston 45,

thereby moving the rotor blade 18 in either a feathering

gr—

direction or the fine direction at the time of normal

operations similarly to the cylinder driving device 40.

[0035] Next, at the time of power failure, when the

rotor blade 18 1s to be moved in the feathering direction,

the on/off valve 62 is then turned on, the accumulator &0

1s connected to the pipe 52, and the hydraulic oil is

supplied from the accumulator 60 to the pipe 52. 1In this

way, the cylinder driving device 70 moves the rotor blade
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18 in the feathering direction by 1ncreasing an amount of

(1)

the hydraulic o0ill between the bottom surface 42b of the

cylinder 42 and the piston 45 and moves the piston 45 1in a

g

direction of the top surface 42a of the cylinder 42. On

the other hand, when the rotor blade 18 1s to be moved 1n

the fine direction, the cylinder driving device 70 keeps

the on/off valve 62 to be turned off. By turning off the

—

on/off valve 62, a state where no operation valve 1s

"

supplied to the cylinder 42 1s created. A tension force o:

the spring 72 for pulling the piston 45 to the bottom

——

surface 42b side of the cylinder 42 acts on the piston 45,

whereby the piston 45 is moved to the bottom surface 42b

P

side of the cylinder 42. By thus moving the piston 45 to

the bottom surface 42b side of the cylinder 42, the rotor

blade 18 1s moved 1n the fine direction.

10036] As described above, even when the cylinder

driving device 70 1is configured so that the spring 72 1s

arranged between a plate connected to the piliston 45 and the

bottom surface 42b cf the cylinder 42, and so that the

hydraulic adjustment mechanism 56 is connected to the pipe

52, the cvylinder driving device 70 can control a position

F

of the rotor blade 18 only by controlling'the on/off wvalve

L

62 at the time of power faillure. While each of the
cylinder driving devices 40 and 70 uses the tension spring
as the spring, a compression spring can be used as the
spring. When the compression spring 1s used as the spring,

it suffices to invert an arrangement position of the spring

#

with respect to that of the tension spring 1n the cylinder

driving device 40 or 70. Moreover, while the cylinder

driving device 40 or 70 uses the spring, 1t suffices to use

an urging member pushing or pulling the piston 1n one

direction and a member other than the spring, for example,

a rubber member can be used.
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00377 In the above embo

device 40 or 70 controls th

2011-02-02

diments, the cylinder driving

e position of

the rotor blade 18

by the spring 68 or 72 and the hydraulic oil supplied from

the accumulator 60 of the hydraulic adjustment mechanism 56.

However, the present invention is not limited thereto. FIG.

g—
—

S 1s a block diagram o:

T & Schematic con:

N

‘1guration of a

cylinder driving device according to another embodiment. A

cylinder driving device 80 shown in FIG.

O 1s basically

ldentical in configuration to the cylinder driving device

40 shown in FIG. 3 except that the spring 68 is not

arranged ana a safety valve 64 and a switch valve 84 are

provided. Therefore, constituent elements of the cylinder

driving device 80 identical

driving device 40 are denoted by like re:

P

to those of the cylinder

P

‘erence signs and

detailed descriptions thereof will be omitted, and

characteristic points of the cylinder

malnly described below.

[0038] The cylinder driving device 80

driving device 80 are

shown 1n FIG. 5

includes the cylinder 42, the connecting member 44, the

plston 45, the bi-directional hydraulic pump 46, the check

valve 48, the tank 50, the pipes 52 and 54, a hydraulic

adjustment mechanism 82, and the switch valve 84. 1In the

explanations below, the pipes 52 and 54 are defined as

the bi-directional hydraulic pump 46 are

follows. Piping parts connecting the switch valve 84 to

denoted by pipes

Sza and S4a, and piping parts connecting the switch valve

84 to the cylinder 42 are denoted by pipes 52b and 54b.

Note that a spring is not arranged within the cylinder 42

P

0of the cylinder driving device 80.

The hydraulic

adjustment mechanism 82 is a hydraulic oil supply mechanism

connected to the pipe 52a, and includes the accumulator 60,

FF
-

the on/o:

f valve 062, the sa:

ety valve 64,

FF

and the on/off-

valve driving power supply 66. The safety valve 64 is a
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p— g

non-return valve arranged 1n parallel with the on/off valve

P-
e

62 and causing the hydraulic oil to flow only in a

direction from the pipe 52 to the accumulator 60. By

providing the safety valve 64 in the hydraulic adjustment

mechanism 82, the hydraulic oil is supplied from the safety

valve 64 to the accumulator 60 when a hydraulic pressure of

the hydraulic o0il stored in the accumulator 60 is lower

than that of the pipe 52a. It is thereby possible to store

P

the hydraulic oil of a certain amount at a certain pressure

in the accumulator 60 without opening or closing the on/off

valve 062.

[0039] The switch valve 84 is provided to spread on a

F

path of the pipes 52a, 52b, 54a, and 54b. The hydraulic

adjustment mechanism 82 is connected to the pipe 52a. The

switch valve 84 is a valve that has three paths and that

F

can switch one path to one of the other paths. A first

path 1s a path directly connecting the pipe 52a to the pipe

o2b and the pipe 54a to the pipe 54b. A second path is a
path connecting the pipe 52a to the pipes 52b and 54b. A
third path 1s a pipe that connects the pipe 52a to the plpe
o4b and the pipe 52b to the pipe 54a.

[0040] The cylinder driving device 80 is configured as

described above, and supplies the hydraulic oil to the

P

cylinder 42 via each pair of or one pair of the pipes 52a

and 5Zb and the pipes 54a and 54b by the bi-directional
hydraulic pump 46 to move the piston 45, thereby moving the

rotor blade 18 1in either a feathering direction or a fine

 and

direction at the time of normal operations similarly to the

cylinder driving device 40. At this time, the switch valve

34 selects the first path.

[0041] Next, at the time of power failure, the on/off

valve 62 1s first turned on. When the rotor blade 18 is to

pe moved 1in the feathering direction, the cylinder driving
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device 80 1s set into a state where the switch valve 84 and
the hydraulic adjustment mechanism 82 select the second
path. That 1s, the cylinder driving device 80 1s set 1n
the state where the pipe 5Z2a on a side to which the
hydraulic adjustment mechanism 82 is connected 1s connected

to the pipes 52b and 54b on a side connected to the

cylinder 42. The hydraulic oil supplied from the

accumulator 60 1s thereby supplilied from the pipe 52b to

between the bottom surface 42b of the cylinder 42 and the

piston 45, and supplied from the pipe 54b to between the

g

top surface 4Z2a of the cylinder 42 and the piston 45. By

supplying the hydraulic o1l to both spaces, that 1s, the

space on the bottom surface 42b side of the cylinder 42 and

”

the space on the top surface 42a side of the cylinder 42, a

higher force 1s allowed to act on the bottom surface 42b

P

side on which a piston rod of the piston 45 1s not arranged

than that acting on the top surface 4Z2a side thereof, the

F

piston 45 1s moved 1in a direction of the top surface 4Za of

the cylinder 42, and the rotor blade 18 1s moved i1in the

feathering direction.

[0042] On the other hand, when the rotor blade 18 is to

be moved in the fine direction, the cylinder driving device

80 1s set into a state where the switch valve 84 selects

the third path of connecting the pipe 52a on the side to

which the hydraulic adjustment mechanism 82 1s connected to
the pipe 54b on the side connected to the cylinder 42.

That is, the cylinder driving device 80 1s set 1n the state
where the pipe 5Z2a on the slide to which the hydraulic
adjustment mechanism 82 1s connected 1s connected to the

pipe 54b on the side connected to the cylinder 42. The

hydraulic oil supplied from the accumulator 60 1s thereby

supplied from the pipe 52a via the switch valve 84, and

from the pipe 54b to between the top surface 42a of the
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cylinder 42 and the piston 45. By supplying the hydraulic

g

o1l to between the top surface 42a of the cylinder 42 and

the piston 45, the piston 45 is moved in a direction of the

pottom surface 42b of the cylinder 42, and the rotor blade

18 1is moved in the fine direction.

(004 3] As described above, by providing the switch valve

84 and switching over the pipes connected to the hydraulic
adjustment mechanism 82, the cylinder driving device 80 can

move the rotor blade 18 in both directions, that 18, The

feathering direction and the fine direction and

F

approprlately control the pitch angle of the rotor blade 18

'similarly to the above embodiments. Furthermore, the

cylinder driving device 80 can control the pitch angle of

the rotor blade 18 and reduce electric power necessary for

P

control at the time of power failure only by switching the

F

paths of the switch valve 84 at the time of power failure.

Moreover, because the cylinder driving device 80 can

control the position and pitch angle of the rotor blade 18

only by providing the switch valve 84, the device

configuration can be made simpler.

10044 ] Meanwhile, differently from the above embodiments,

when the cylinder driving device cannot control the rotor

blade in the both directions but suffices to move the rotor

g

plade only in one direction at the time of power failure,

the cylinder driving device can be made simpler in

F

configuration. FIG. 6 is a block diagram of a schematic

configuration of a cylinder driving device according to

another embodiment. A cylinder driving device 90 shown in

FIG. © 1ncludes the cylinder 42, the connecting member 44,
the piston 45, the bi-directional hydraulic pump 46, the
check valve 48, the tank 50, the pipes 52 and 54, and a

spring 92. In the present embodiment, the cylinder 42, the

connecting member 44, the piston 45, the bi-directional

23



10

15

20

29

30

CA 02732985 2011-02-02

~hydraulic pump 46, the check valve 48, the tank 50, and the

pipes 52 and 54 are identical in configuration to those of

the cylinder driving device 40 shown in FIG. 3. The spring

92 1s arranged between the piston 45 and a bottom surface

42b of the cylinder 42. Furthermore, the spring 92 is a

compression spring, which pushes out the piston 45 to the

P

Cop surface 4Z2a side of the cylinder 42. That is, the

spring 92 causes a force to act on the piston 45 in a

direction of moving the rotor blade 18 in a feathering

direction. The spring 92 always pushes out the piston 45

Lo the top surface 42a side of the cylinder 42.

(0045] The cylinder driving device 90 is configured as
described above, and supplies hydraulic oil to the cylinder
42 via at least one of the pipes 52 and 54 by the bi-

directional hydraulic pump 46 to move the piston 45,

thereby moving the rotor blade 18 in either the feathering

P

direction or a fine direction at the time of normal

operatlions similarly to the cylinder driving device 40.

The spring 92 1s arranged between the piston 45 and the

P

bottom surface 42b of the cylinder 42.

P

(004 6] Next, at the time of power failure, a state where

supply of the hydraulic oil from the bi-directional

hydraulic pump 46 stops, and in which no hydraulic oil is

supplied to the cylinder 42 is created. A state of the

plston 45 to which the hydraulic o0il is not supplied anew

F

changes from a state where a position of the piston 45 is

"

adjusted by adjusting a hydraulic pressure also in view o:

F

a force of the spring 92 to a state where an extrusion

force of the spring 92 for pushing out the piston 45 to the

' el

top surface 4Za side of the cylinder 42 dominantly acts on

the piston 45, whereby the piston 45 is gradually moved to

the top surface 42a side of the cylinder 42. At this time,

the hydraulic oil on the top surface 42a side of the
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cylinder 42 is discharged from the check valve 48 t

movement of the piston 45. By thus moving the pist

p——
-

the top surface 42a side of the cylinder 42, the ro

plade 18 1s moved in the feathering direction.

10047] In this way, the cylinder driving device

configured to reduce a load applied to the rotor bl

—

to prevent a failure of the rotor blade 18 at the t

power faillure. It 1s thereby possible to move the

P

blade 18 in the feathering direction at the time of

failure without particularly using a mechanism that

power supply but only by providing the spring 82.

this configuration, it is possible to suppress an

unnecessary load from being applied to the rotor bl

F

Cto cause a failure of the rotor blade 18 at the time o-

power fallure by using a simple device configuratio

Industrial applicability

10048 ] The cylinder driving device according to

o follow
cn 45 to

TOox

90 1is
ade 18

——
pr—r

ime o

rotor
power
needs a

With

ade 18

P
fp—

n.

the

present invention is useful for controlling a pitch angle

p— —~

Of each rotor blade of a2 wind-power generation syst

em and

particularly suited for usage in a wind-power generation

system that needs to appropriately control a pitch

ﬁ

even at a time of power failure.

Reference Signs List

10049] 10 wind-power generation system

11 foundation

12 column

14 nacelle

16 rotor head

18, 230 rotor blade
20 speed-up gear

22 generator

24 anemometer

26 anemoscope

29

angle
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40,
42,
44

45,
46,
48,
o0,
52,
56,
00,
02,
o4,
66

08,
34
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lightning rod

control unit

70,
2072

80,

cylinder

connecting member

203
204
200
208
54,
82,
227
224
2206

on/o

12,

P

pliston

bi-directional hydraulic pump

check wvalwve

tank
210, 212 pipe
220

accumulator

~— —
—

on/off valve

safety valve

f-valve driving power supply

92 spring

swltch valve

26

90, 200 cylinder driving device

hydraulic adjustment mechanism
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CLAIMS

1. A cylinder driving devlice that adjusts a pitch angle

e

of a rotor blade, comprising:

a plston connected to the rotor blade via a connecting

member:;

a cylinder that has the pilston arranged thereiln,

gr—
P

reciprocates an end of the piston by a pressure difference

P

between hydraulic pressures of hydraulic oil supplied from

outside, and reciprocates the piston;

an urgling member that 1s arranged inside the cylinder,
and urges the piliston 1n one direction;

an accumulator that 1s connected to the cylinder, and
supplies hydraulic oil urging the piston 1n an opposite
direction to a direction where the piston 1s urged by the

urging member to the cylinder; and

P

v

an on/o

valve that controls opening or closing of a

channel between the accumulator and the cylinder.

2 . The cylinder driving device according to claim 1,

— -

wherein the on/off valve opens a channel between the

P ﬁ

accumulator and the cylinder at a time of occurrence of

power fallure.

3. A cylinder driving devlice that adjusts a pitch angle

of a rotor blade, comprising:
a plston connected to the rotor blade;

a cylinder that has the piston arranged therein,

-

recilprocates an end of the piston by a pressure difference

between hydraulic pressures of hydraulic o1l supplied from
outside, and reciprocates the piston;

a hydraulic-o01il supplyilng unit that supplies hydraulic
o1l to the cylinder;

a first pipe that supplies hydraulic oil supplied from
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the hydraulic-01l supplying unit to the cylinder so as to

urge the pilston 1n one direction;

a second pipe that supplies hydraulic oil supplied

from the hydraulic-oil supplying unit to the cylinder so as

to urge the piston 1n an opposlte direction to the one

direction;

an accumulator that 1s connected to the cylinder, and

supplies hydraulic o1l to a pipe connected to the cylinder;

—~ —

an on/off valve that controls opening or closing of a

channel between the accumulator and the cylinder; and

-

a switch unit arranged between the on/off valve and

P
—

the cylinder, and switchable over between a path o:

supplying hydraulic o1l supplied from the accumulator to

”

the first pipe and a path of supplying hydraulilc o1l

supplied from the accumulator to the second pipe.

4 The cylinder driving devilice according to claim 3,

wherein

the hydraulic-oill supplying unit stops at a time of

occurrence of power failure,

the on/off valve opens a channel between the

F

accumulator and the cylinder at a time of occurrence o:

L}

—t

power failure, and

the switch unit i1s activated at a time of occurrence

I

of power failure.
5. A cylinder driving device that adjusts a pitch angle
of a rotor blade, comprising:

a plston connected to the rotor blade;

a cylinder that has the piston arranged thereiln,

P P
p—

reclprocates an end of the piston by a pressure difference

gt

between hydraulilic pressures of hydraulic oil supplied from

outside, and reciprocates the piston;
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a hydraulic-oil supplying unit that supplies hydraulic

cll to the cylinder;

a first plpe that supplies hydraulilic o1l supplied from
the hydraulic-0il supplying unit to the cylinder so as to

urge the piston 1n one direction;

a second pilpe that supplies hydraulic o1l supplied

from the hydraulic-oil supplying unit to the cylinder so as
to urge the piston in an opposite direction to the one

direction; and

an urging member that 1s arranged inside the cylinder,

and urges the piston 1n a direction of moving the pilston so

that the rotor blade moves 1n a direction of feathering a

wilnd.
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