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(57) Abrégée/Abstract:

A vibration control apparatus of a wind turbine generator that can be installed in a small space inside a tower, without a weight
Increase of the tower, and that can change the natural frequency thereof is provided. Included is a swinging rod 23 extending In the
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(57) Abrege(suite)/Abstract(continued):
vertical direction and suspended from beams 15 and 16 provided on an upper part of the tower via a first universal joint 31; a flange

part 24 extending outward from the upper end outer surface of the swinging rod 23 In the radial direction along the circumferential
direction; a pendulum 21 including a bob attached to the swinging rod 23 and capable of moving up and down In the vertical
direction; and a plurality of attenuation devices 22 each of whose upper end Is attached to the beams 15 and 16 with a second

universal joint 32 and whose lower end Is attached to the flange part 24 with a third universal joint 33.
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ABSTRACT
A vibration control apparatus of a wind turbine generator
that can be installed in a small space inside a tower, without

ﬁ

a welght increase of the tower, and that can change the

r—

natural frequency thereof is provided. Included is a swinging

rod 23 extending in the vertical direction and suspended from

ﬁ

peams 15 and 16 provided on an upper part of the tower via a

first universal joint 31; a flange part 24 extending outward

from the upper end outer surface of the swinging rod 23 in the

radial direction along the circumferential direction; a

pendulum 21 1ncluding a bob attached to the swinging rod 23

and capable of moving up and down in the vertical direction;

P *

and a plurality of attenuation devices 22 each of whose upper

—

end 1s attached to the beams 15 and 16 with a second universal

joint 32 and whose lower end is attached to the flange part 24

with a third universal joint 33.
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DESCRIPTION

VIBRATION CONTROL APPARATUS OF WIND TURBINE GENERATOR AND WIND

TURBINE GENERATOR

Technical Field

10001}

The present 1nvention relates to a vibration control

apparatus that 1s suitable for application to a wind turbine

generator.

Background Art

[0002]

Today, wind turbine generators are being made larger and

r‘-
—

larger 1n order to 1mprove their power generating efficiency

P

and to increase the amount of generated power, and ones having

a hub height (height from ground to center of hub) exceeding

100 m have been designed for practical use.

However, with those that have a hub height exceeding 100

#

m, the first-mode natural frequency of the tower (tower)

matches the resonance range associated with the rotation of

the rotor head and the wind-turbine rotary blades, and thus,

the fatigue load might significantly increase. Therefore, the

P

thickness of the tower needs to be increased so as to reduce

the fatigue load applied to the tower, and thus, there is a

pr—

problem in that the weight of the tower significantly
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lncreases.

10003]

Accordingly, to avoid such problems, by using,

for

example, a vibration control apparatus disclosed in PTL 1, the

response can be reduced even when the first-mode natural

F

y—

frequency of a tower matches the resonance range associated

with the rotation of the rotor head and wind-turbine rotary

blades.

Patent Citation 1:

Japanese Unexamined Patent Application, Publication No.

2008-31735

1)

Disclosure of Invention

10004 ]

However, when the vibration control apparatus disclosed

in PTL 1 1s applied to a wind turbine generator, one end o:

H

damper (attenuation device) is secured to an inner wall

ﬁ

surface of the tower. Therefore, the inner wall surface o:

8

the tower has to be reinforced, and thus, there is a problem

1n that the weight of the tower increases.

Furthermore, to apply a vibration control apparatus to a

wind turbine generator, the structure should not interfere

with the beauty of the environment, and it needs to be

installed in a small space in the tower; there:

*

"ore,

the size

of the vibration control apparatus needs to be minimized.
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'-o

Furthermore, during assembly of the wind turbine

P

generator, the natural frequency of the tower changes (becomes

p—

smaller) in each of the followlng stages: a stage 1n which

only the tower 1s completed; a stage 1in which a nacelle 1s

ﬁ

mounted at the upper end of the tower; and a stage i1n which a

rotor head and wind-turbine rotary blades are attached to the

nacelle, completing the entire wind turbine generator.

d.

Therefore, 1t 1s preferable that the natural frequency of the
vibration control apparatus can be variliable accordingly.

(0006

The present 1nvention has been conceived 1n light of such

clrcumstances, and an object thereof 1s to provide a vibration

p—

control apparatus of a wind turbine generator that can be

installed in a small space 1n a tower, without a weight

P

increase of the tower, and that can change the natural

gy
p—

frequency thereof.

(0007 ]

To solve the problems described above, the present

1nvention provides the following solutions.

A vibration control apparatus of a wind turbine generator

stored and disposed inslde a tower of the wind turbine

generator includes a swinging rod extending in the vertical

direction and suspended from a beam provided on an upper part

F

of the tower via a first universal joint; a flange part
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extendling outward in a horizontal direction from the upper end

gt

of the

swinglng rod; a pendulum attached to the swinging rod

and 1ncluding a bob capable of moving up and down in the

pre—

vertical direction; and a plurality of attenuation devices

each o3

T whose upper end 1s attached to the beam with a second

universal joint and whose lower end is attached to the flange

part with a third universal joint.

10008 ]

P

The wvibration control apparatus of a wind turbine

generator according the present 1nvention has an advantage in

that the attenuation of the tower first-mode vibration is

increased and an advantage in that the tower first-mode

P'

vibration and amplitude associated with the rotation of the

wind-turbine rotary blades due to the increase in attenuation

are prevented. In this way, a weight increase of the tower

can be

height

prevented, and a wilind turbine generator having a hub

exceeding 100 m can be easily designed.

[10009]

F

Furthermore, since a part of the vibration control

apparatus (for example, the damper (attenuation device)) 1is

P

not secured to the 1inner wall surface of the tower, the inner

F

wall surface of the tower does not require reinforcement, and

a welght 1ncrease of the tower can be prevented.

10010]

Moreover, by moving the bob up and down in the axial
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direction of the swinging rod, the natural frequency of the

vibration control apparatus changes. That 1s, during assembly

of the wind turbine generator, the natural frequency of the

tower changes in each of the following stages: a stage 1in
which only the tower is completed; a stage in which a nacelle

is mounted at the upper end of the tower; and a stage in which

a rotor head and wind-turbine rotary blades are attached to
the nacelle, completing the entire wind turbine generator.

In this way, the wind turbine generatoxr can be safely and
quickly assembled.

[0011]

In the above-described vibration control apparatus of a

wind turbine generator, it is more preferable that at least

two pendular Tuned Mass Dampers (TMDs) each including the pendulum

and the attenuation device are included and that the adjoining

bobs are connected to each other with a connecting device.

[0012])

With such a vibration control apparatus of a wind turbine
generator, even when some or all of the attenuation devices
constituting one of the pendular TMD are damaged (become
nonfunctioning), vibration is controlled by the other pendular
TMD joined with the connecting device (the other pendular TMD

18 jJoined with the connecting device 41 functions as a fail-

safe). In this way, the reliability of the vibration control

apparatus can be improved.
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10013}

In the above-described vibration control apparatus of a

M—

wind turbine generator, it 1s more preferable that the beam 1s

a beam supporting a top floor provided at the uppermost part

.

of the tower.

10014 ]

F

Since such a vibration control apparatus of a wind

turbine generator 1s disposed 1n a posltlon where a maximum

—
—

attenuation effect i1is achieved, the size of the vibration

control apparatus can be reduced even more.

10015]

B

In the above-described vibration control apparatus of a

wind turbine generator, 1t 1s more preferable that a

maintenance floor be provided directly below the top floor and

at a position where the attenuation device 1s accessible by an

operator.

[0016]

With such a vibration control apparatus of a wind turbine

b

generator, the attenuation device can be easily and quickly

malntained, and thus, the ease maintenance can be improved.

[0017]

A wind turbine generator according to the present

1invention includes a vibration control apparatus of a wind

turbine generator that can be installed in a small space

inside a tower, without a weight increase of the tower, and
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that can change the natural frequency thereof.

10018 ]

With the wind turbine generator according to the present

P
—

invention, 1t 1s possible to cope with an increase in size of

the wind turbine generator, with a hub height exceeding 100 m.

L0019]

The vibration control apparatus of the wind turbine
generator according to the present invention 1s advantageous
1n that 1t can be 1nstalled in a small space inside a tower,

P

without a weilght increase of the tower, and that i1t can change

H

the natural frequency thereof.

— e

Brief Description of Drawings

10020 ]

—

| FIG. 1} Fig. 1 1s a schematic side view of a wind

turblne generator including a vibration control apparatus of a

wind turbilne generator according to an embodiment of the

P

present invention, as viewed from the left of a tower.

p—

FIG. 2] Fig. 2 1s a side view of the inside of the

tower of a wind turbine generator including a vibration

control apparatus of a wind turbine generator according to an

embodiment of the present invention, as viewed from the left

F

OL a tower.

—

| FIG. 3] Fig. 3 1llustrates the configuration of a

F

vibration control apparatus of a wind turbine generator
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according to an embodiment

3

g

of the present invention.

[FIG. 4] Fig. 4 is a diagram i1llustrating an enlarged

relevant portion of Fig. 3.

[FIG. 5] Fig. 5 illustrates the positional relationship

p

" ol

of a longitudinal beam and a transverse beam disposed on the

lower surface of a top floor and universal joilints attached to

these beams, as viewed from above the top floor viewed.

[FIG. 6] Fig. 6 1s a perspective view schematically

’Q-

showing the overall configuration of the vibration control

apparatus of a wind turbine generator according to an

embodiment of the present 1nvention.

(FIG. 7] Fig. 7 1s a perspective view schematically

showing the overall configuration o:

- the vibration control

apparatus of a wind turbine generator according to an

ﬁ

embodiment of the present 1nvention,

of the tower.

as viewed from the front

[FIG. 8] Fig. 8 1s a sectional view taken along a line

A-A 1n Fig. 7.

[FIG. 9] Fig. 9 1s a dilagram 1llustrating an enlarged

e

relevant portion of a connecting device, as viewed from the

—t

front of the tower.

[FIG. 10] Fig. 10 1llustrates the positional

relationship of a longitudinal beam and a transverse beam

"ace Of

disposed on the lower sur:

- a top

floor according to

another embodiment and uniliversal jolnts attached to these
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beams, as viewed from above the top floor.

relationship of

[FIG. 11] Fig. 11 illustrates the positional

-

a longitudinal beam and a transverse beam

disposed on the lower surface of a top floor according to

another embodiment and universal joints attached to these

beams, as viewed from above the top floor.

ﬁ

Explanation of Reference:

1

3

11

(00211
wind turbilne generator
tower (tower)

vibration control apparatus (vibration control apparatus

of wind turbine generator)

12

13

15

16

18

21

22

23

24

top floor

elevator stopping floor (maintenance floor)

transverse beam

longitudinal beam
pendular Tuned Mass Damper (TMD)
pendulum

01l damper (attenuation device)
swinging rod

flange part

bob

(first) universal joint

(second) universal joint

(third) universal joint
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41 connecting device

Best Mode for Carrying Out the Invention

L 0022]

A vibration control apparatus of a wind turbine generator

pr——

according to an embodiliment of the present invention will be

described with reference to Figs. 1 to 9.

FFig. 1 1is a schematic side view of a wind turbine

generator 1ncluding a vibration control apparatus of a wind

turblne generator according to an embodiment of the present

b

1nvention and, as viewed from the left of a tower; Fig.

side view of the 1nside of the tower of a wind turbine

2 1s a

generator 1ncluding a vibration control apparatus of a wind

turbine generator according to an embodiment of the present

1nvention, as viewed from the left of a tower; Fig. 3

11lustrates the configuration of a vibration control apparatus

F

present 1nvention; Fig. 4 1s a diagram illustrating an

F

enlarged relevant portion of Fig. 3; Fig. 5 i1llustrates

*

positional relationship of a longitudinal beam and a

P

CLransverse beam disposed on the lower surface of a top

of a wind turbine generator according to an embodiment of the

the

floor

and universal joints attached to these beams, as the top floor

viewed from the top; Fig. 6 1s a perspective view

schematically showing the overall configuration of the

M—

F

vibration control apparatus of a wind turbine generator
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according to an embodiment of the present invention; Fig. 7 1s

a schematic perspective view of the configuration, 1n outline,

tus of a wind turbine generator

of the vibration control appars

according to an embodiment of the present invention, as the

tower viewed from the front; Fig. 8 is a sectional view taken

along a line A-A 1n Fig. 7; Fig. 9 i1s a diagram illustrating

an enlarged relevant portion of a connecting device, as the

tower viewed from the front.

[0023]

As illustrated in Fig. 1, a wind turbine generator 1

includes a tower 3 vertically disposed on a foundation

ad

2, a nacelle 4 mounted on the upper end of the tower 3,
rotor head 5 provided on the nacelle 4 in such a manner that

1t 1s rotatable around a substantially horizontal axis, and a

plurality of (e.g., three) wind-turbine rotary blades 6

attached, in a radiating pattern, around the rotational axis

of the rotor head 5. Then, the force of wind striking the

wind-turbine rotary blades 6 from the rotational axis

direction of the rotor head 5 is converted to motive energy
causing the rotor head 5 to rotate around the rotational axis.

10024 ]

On the upper part of the nacelle 4, an anemometer / that

an anemoscope 8

measures the wind speed 1n the surroundings,

that measures the wind direction, and a lightning rod (not

shown) are provided.
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Although not 1llustrated, a generator connected to the

rotor head 5 with a coaxial gearbox 1s installed inside the

nacelle 4. That 1s, by speeding up the rotation of the rotor
head 5 with the gearbox and driving the generator, a generator
output 1s obtained from the generator.

[0025]

As 1llustrated in Fig. 2, a wind turbine generator

vibration control apparatus (hereinafter, referred to as

"vibration control apparatus") 11 according to this embodiment

1s, for example, installed such that it is suspended from a

transverse beam 15 and longitudinal beams 16 (see Figs. 3 to

/) supporting a lower surface 14 of a top floor 12 provided on

the uppermost part i1nside the tower 3. Here, the lower

surface 14 of the top floor 12 is the ceiling of an elevator

stopping floor (maintenance floor) 13 provided directly below

the top floor 12.

Here, reference numeral 17 1n Fig. 2 represents a portion

referred to as “ladder” provided from the lowermost part to

g

the uppermost part of the tower 3 in the height direction

(longitudinal direction) of the tower 3, and an elevator (not

shown) moves up and down inside the ladder 17.

[0026]

As 1llustrated in Figs. 6 and 7, the vibration control

apparatus 11 according to this embodiment includes a plurality

p—

of (two 1n this embodiment) pendular TMDs (tuned mass dampers)
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18.

FEach pendular TMD 18 includes a pendulum 21 and a

plurality of (four in this embodiment) oil dampers

(attenuation devices) 22.

grin—-

As 1llustrated in at least one of Figs. 3, 4, 6, and 7,

the pendulum 21 includes a swinging rod 23, a flange part

(flange part) 24, and a bob 25. The swinging rod 23 extends

1n the height direction of the tower 3 (see Figs. 1 and 2).

The flange part 24 extends outward on a plane that extends

outward 1in the radial direction along the circumferential

direction from the upper end outer surface (outer

circumferential surface) of the swinging rod 23 and that is

orthogonal to the axial direction (longitudinal direction) o

1)

the swinging rod 23, 1i.e., a horizontal plane. The bob 25 is

attached to the swinging rod 23 and is configured in such a

manner that 1t 1s movable up and down in the axial direction

p—

of the swinging rod 23, i.e., the vertical direction.

10027 ]
Here, the bob 25 i1ndilicated by a solid line in Fig. 3

represents a case 1n which the pendulum length (distance from

the center of a universal joint 31 to the center of the bob 25

1n the height direction (vertical direction in Fig. 3)) 1is 3
m.
Furthermore, the bob 25 indicated by a two-dot chain line

(Imaginary line) in Fig. 3 represents a case in which the
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pendulum length (distance from the center of the universal

joint 31 to the center of the bob 25 in the height direction

(vertical direction 1in Fig. 3)) 1s 7 m.

10028 ]

As i1llustrated 1n Fig. 5, the swinging rod 23

constituting one (left) pendular TMD 18 1s suspended via the

(first) universal joint (universal joint) 31. This universal

joint 31 1s orthogonal to the center axis of the tower 3

r—

extending 1n the height direction of the tower 3 and 1is

F
P

attached at the center part of a lower surface o:

PN

Lthe

transverse beam 15 that extends 1n the transverse (left-to-

' kel
—

right) direction (left-to-right direction in Fi1g. 5) of the

ﬁ

tower 3 and 1s positioned 1n the left half (left half in Fig.

5) of the tower 3. Furthermore, as 1llustrated in Fig. 5, the

swinging rod 23 constituting the other (right) pendular TMD 18

1s suspended via the uniliversal jJoint 31. This universal jolnt

31 1s orthogonal to the center axis of the tower 3 extending

in the height direction of the tower 3 and 1s attached at the

i

center part of a lower surface of the transverse pbeam 15 that

P

extends 1n the transverse direction of the tower 3 and 1s

— —

positioned 1n the right half (right half 1n Fig. 5) of the

tower 3.

10029]

—

At the center part of the transverse beam 15 positioned

1n the left half of the tower 3, a longitudinal beam 16 is
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connected (joined) with the transverse beam 15 such that they

are continuous and orthogonal to each other on a plane

containing the transverse beam 15. Furthermore, at the center

P
ppr—

)

part of the transverse beam 15 positioned 1in the right half o:

the tower 3, a longitudinal beam 16 is connected (joilined) with
the transverse beam 15 such that they are continuous and
orthogonal to each other on a plane contailning the transverse

beam 15.

Moreover, (second) universal jolnts (universal joints) 3Z

ﬁ

to which the upper ends of the 01l dampers 22 are attached are

respectively attached to the lower surface of the transverse

beam 15 at equal distances 1n the left-to-right directions

from the center of the transverse beam 15 positioned 1n the

left half of the tower 3. Universal joints 32 to which the

F

upper ends of the o1l dampers 22 are attached are respectively

attached to the lower surface of the longitudinal beam 16 at

equal distances 1n the longitudinal (front-to-back) directions

(vertical direction in Fig. 5) from the center of the

transverse beam 15 positioned 1n the left half of the tower 3.

Universal joints 32 to which the upper ends of the o1l dampers

22 are attached are respectively attached to the lower surface

p—

of the transverse beam 15 at equal distances 1n the left-to-

F

right directions from the center of the transverse beam 15

positioned 1n the right half of the tower 3. Universal joints

32 to which the upper ends of the oill dampers 22 are attached
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are respectively attached to the lower surface of the

longitudinal beam 16 at equal distances in the longitudinal

directions from the center of the transverse beam 15
poslitioned in the right half of the tower 3.

10030]

As 1llustrated in Figs. 3, 4, 6, and 7, the flange part

24 1s a (substantially) disk-like member having a circular

shape 1in plan view.

(Third) universal joints 33 (see Figs.

3 and 4) to which the lower ends of the oil dampers 22 are

attached are respectively attached to the upper surface of the

flange part 24 (opposing the universal joints 32) positioned

directly below the universal joints 32.

[0031]

As 1llustrated in Figs. 3 and 4, the bob 25 is

constituted of, for example, a plurality of (15 in this
embodiment) ring-shaped (donut-shaped) weights having the same
inner diameter, outer diameter, and weight stacked in the

H

axial direction of the swinging rod 23, and, in this

embodiment, the total weight of the bob 25 is set to 3.3 tons.
Furthermore, in this embodiment, when the pendulum length
(distance from the center of the universal joint 31 to the

center of the bob 25 in the height direction (vertical

direction in Fig. 3)) is 3 m, the natural frequency of the

vibration control apparatus 11 is 0.3 Hz, and the amplitude
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F

(stroke) of the tip (lower end) of the swinging rod 23 1s x300

mm. Furthermore, when the pendulum length 1s 7 m, the natural

ﬁ

frequency of the vibration control apparatus 11 1s set to 0.2

Hz, and the amplitude (stroke) of the tip (lower end) of the

swinging rod 23 1s set to x200 mm.

Here, reference numeral 34 1in Figs. 3 and 4 represents a

positioning (anti-drop) mechanism (for example, pin) that

positions the bob 25 and prevents the bob 25 from dropping.

[0032]

As i1illustrated in Figs. 6, 7, and 8, the bob 25

g

constituting one of the pendular TMDs 18 and the bob 25

constituting the other pendular TMD 18 are connected with a

connecting device 41.

The connecting device 41 includes a plurality of (two in

this embodiment) connecting rods (flat bars) 42 and a

*

plurality of (four in this embodiment) connecting members 43

(see Fi1g. 9) that connects the ends of the connecting rods 42

and the outer surtface (outer circumferential surface) of the

bob 25.

[0033]

T'he connecting rods 42 are disposed such that they

1ntersect with each other at a predetermined angle (for
example, 60 degrees) when the vibration control apparatus 11

1s viewed from below (or above), as illustrated in Figs. 6 and

8, and they are parallel to each other when the vibration



CA 02735345 2011-03-29

18

control apparatus 11 is viewed from the front (or back), as

illustrated in Fig. 7. Furthermore, spherical (sliding)

bearings 44 are connected (attached) to the ends of the

connecting rods 4Z.

10034 ]

As illustrated in Fig. 9, each connecting member 43

includes two vertically arranged (a pair of) eye plates 45 and

46, a bolt (pin) 47, and a nut 48. The eye plates 45 and 46

protrude from the outer surface of the bob 25 such that they

F

clamp the ends of the corresponding connecting rods 42 from

the top and bottom. The bolt (pin) 47 1s inserted 1nto a

through-hole (not shown) formed in the eye plates 45 and 46

and a through—hole (not shown) formed 1n an 1nner ring (not

F

shown) of the spherical (sliding) bearing 44. The nut 48 1s

-

screwed to the tip (lower end) of the bolt 47.

10035 ]

—

The vibration control apparatus 11 of this embodiment has

#

an advantage in that attenuation of the tower first-mode

vibration i1s increased and has an advantage 1n that, due to

the 1ncrease 1n attenuation, the tower first-mode vibration

P

and amplitude assocliated with the rotation of the wind-turbine

rotary blades are suppressed. In thils way, a welght 1ncrease

—

of the tower 3 can be prevented, and a wind turbine generator

e

1 having a hub helght exceeding 100 m can be easily designed.

10030
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Furthermore, since a part (for example, the damper

—

(attenuation device)) of the vibration control apparatus 11 1s

not secured to the 1nner wall surface of the tower 3, the

1nner wall surface of the tower 3 does not reqguire

relnforcement, and a weight 1ncrease of the tower 3 can be

prevented.

(0037]

Moreover, the natural frequency of the vibration control

apparatus 11 changes by moving the bob 25 up and down in the

—

axlal direction of the swinging rod 23. That is, during

P‘

assembly of the wind turbine generator 1, the natural

F

frequency of the tower 3 changes in response to each of the

following stages: a stage in which only the tower 3 1is

completed; a stage 1n which the nacelle 4 is mounted at the

F

upper end of the tower 3; and a stage in which the rotor head

5 and the wind-turbine rotary blades 6 are attached to the

nacelle 4, completing the entire wind turbine generator 1. 1In

this way, the wind turbine generator 1 can be safely and
qulckly assembled.

10038]

Moreover, even when some or all of the oil dampers 22

I

constituting one of the pendular TMDs 18 are damaged (become
nonfunctioning), vibration is controlled by the other pendular

TMD 18 joilned with the connecting device 41 (the other

pendular TMD 18 joilned with the connecting device 41 functions
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as a faill-safe). In this way, the reliability of the
vibration control apparatus 11 can be improved.

' 0039]

)

Moreover, since the vibration control apparatus 11 of

this embodiment 1s suspended from the top floor 12, which

provides the best attenuation effect, the size of the

vibration control apparatus 11 can be reduced even more.

10040 ]

Moreover, the elevator stopping floor (maintenance floor)

13 1s provided directly below the top floor 12 and at a
position where an operator can reach, while standing, and

maintain the oil dampers 22, 1.e., a position where the o1l

dampers 22 are accessible. In this way, the 01l dampers 22

F

can be easily and quickly malntained, and the ease of

mailntenance can be 1mproved.

10041 ]

Meanwhile, the wind turbine generator 1 of this

embodiment can be installed in a small space in the tower 3,

r—

without a welght 1increase of the tower 3, and includes the

vibration control apparatus 11 that can change the natural

frequency thereof. In this way, 1t is possible to cope with

P

an increase 1n size of the wind turbine generator, with a hub

height exceeding 100 m.
10042 ]

The present 1nvention 1s not limited to the embodiment
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described above, and appropriate modifications and changes may
be employed when necessary.
For example, 1n the embodiment described above, the

vibration control apparatus 11 having two pendular TMDs 18 is

described as a specific example; the present invention,

nowever, 1s not limited thereto. For example, as i1llustrated

1n Fig. 10, the configuration can be such that one pendular

TMD 18 1s suspended via one universal joint 31. In such a

case, the universal joint 31 1s attached to the center part of

a longiltudinal beam 16 and the center part of the lower

surface of a transverse beam 15. The longitudinal beam 16 is

P

a beam that 1s orthogonal to the center axis of the tower 3

extending 1n the height direction of the tower 3 and extends

1n the longitudinal (front-to-back) direction (vertical

F

direction 1in Fig. 10) of the tower 3. The transverse beam 15

—

1s a beam that is orthogonal to the center axis of the tower 3

extending 1n the height direction of the tower 3 and extends

1n the transverse (left-to-right) direction (left-to-right

direction 1in Fig. 10) of the tower 3.

1004 3]

Furthermore, as i1llustrated in Fig. 11, the configuration

can be such that one pendular TMD 18 is suspended via three

universal joints 31. In this case, the first universal joint

P

31 1s attached to the front half of a longitudinal beam 16 and

the center part of the lower surface of a transverse beam 15



second universal joint 31 1s attached to the right halt

transverse peam 15.

"t hal:

to the le:

the lower sur:

the center part o:
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orthogonal to the front half of the longitudinal beam lo.

fr—
—

ﬁ

transverse beam 15 and the center part of the lower sur

a longitudinal beam 16 orthogonal to the center part of

—
p—

ﬁ

the transverse beam 15.

The

—
-

L 4

face of
the
The third universal joint 31 1s attached
f the transverse beam 15 and the center part

"ace of a longitudinal beam 16 orthogonal to
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CLAIMS

F'

1. A vipbration control apparatus of a wind turbine generator

F

accommodated and disposed 1nside a tower of the wind turbine

generator, the apparatus comprising:

a swilnging rod extending i1n the vertical direction and

suspended from a beam provided on an upper

via a first universal joint;

F

part of the tower

a flange part extending outward in a horizontal direction

ﬁ

from the upper end of the swinging rod;

a pendulum 1ncluding a bob attached to the swinging rod

—

and capable of moving up and down 1n the vertical direction;

and

g

a plurality of attenuation devices each of whose upper

end 1s attached to the beam with a second universal joint and

whose lower end 1s attached to the flange part with a third

universal Joint.

pr—

2. The vibration control apparatus of a wind turbine

generator according to Claim 1, further comprising:

at least two pendular TMDs each including the pendulum

and the attenuation device,

wherein the adjoining bobs are connected to each other

with a connecting device.

3. The vibration control apparatus of a wind turbine



CA 02735345 2011-03-29

24

generator according to Claim 1 or 2, wherein the beam 1s a

N

beam supporting a top floor provided at the uppermost part otf

the tower.

—

4. The vibration control apparatus of a wind turbine

generator according to Claim 3, whereln a malntenance floor 1s

provided directly below the top floor and at a position where

the attenuation device 1s accessible by an operator.

o. A wind turbine generator comprilsing the vibration control

1)

H

apparatus of a wind turbine generator according to one of

Ll

Claims 1 to 4.
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