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DESCRIPTION

METHOD OF REPLACING WIND TURBINE EQUIPMENT

Technical Field
[0001)
The present invention relates to a method of replacing
wind turbine equipment, which 1s suitably used for replacing

large equipment disposed in a nacelle of a wind turbine.

Background Art

[0002)

In general, a crane and a winch disposed in a nacelle of
a wind turbine generator, which are used for maintenance, are
designed so as to be used in periodic inspection and therefore
have capacities capable of replacing only lightweight
components in the nacelle.

Therefore, when severe trouble occurred in large
equipment such as a generator or a transformer, large heavy
machinery has been used for replacing such large equipment.
The potential risk of severe trouble occurring in the large
equipment is not so high, but such severe trouble that occurs
in the large equipment has a disadvantage that the cost impact
is high due to the use of the large heavy machinery.

[0003]
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In oxder to avoid the above-mentioned problem, various
techniques have been proposed for enabling replacement of
large equipment without using large heavy machinery (for
example, see Patent Documents 1 and 2).

Patent Document 1: European Patent No. 1101934,
Specification

Patent Document 2: European Patent Application,

Publication No. 1291521, Specification

Disclosure of Invention

[0004)

In the above-mentioned Patent Document 1, a crane arm is
provided in the nacelle and a winch is disposed on the ground,
so that large equipment can be replaced without using large
heavy machinery.

However, since the large crane arm must be provided and
the crane arm is provided in the nacelle, the nacelle is also
enlarged in size. Therefore, this technique has the problem
that the cost for replacing large equipment is increased.

In addition, since the winch used has a large capacity
capable of hoisting and suspending the large equipment, this
technique has the problem that the cost for replacing the
large equipment is increased.

[0005]

In the above-mentioned Patent Document 2, a movable
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pulley is provided in the nacelle and a winch is disposed
on the ground, so that large equipment can be replaced
without using large heavy machinery.

However, as in the technique described in the above-
mentioned Patent Document 1, since the winch has a large
capacity capable of hoisting and suspending the large
equipment, this technique has the problem that the cost
for replacing the large equipment is increased.

[0006]

Any discussion of documents, acts, materials,
devices, articles or the like which has been included in
the present specification 1is not to be taken as an
admission that any or all of these matters form part of
the prior art base or were common general knowledge in the
field relevant to the present invention as it existed
before the priority date of each <claim of this
application.

Throughout this specification the word "comprise"”, or
variations such as "comprises" or "comprising”, will be
understood to imply the inclusion of a stated element,
integer or step, or group of elements, integers or steps,
but not the exclusion of any other element, integer or
step, or group of elements, integers or steps.

[0007]

According to the present invention there is
provided a method of replacing wind turbine equipment,
including a winch-hoisting step for winching up to a
nacelle a reciprocating winch that is used for replacing
wind turbine equipment disposed in the nacelle mounted
atop a tower and a balance supporting the wind turbine
equipment with an ordinarily-installed winch provided on a
girder that moves in the nacelle; a wire-hoisting step for
hoisting a wire that is used for replacing of the wind

turbine
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equipment to the nacelle from a drum disposed on the ground; a
winch-replacing step for detaching the ordinarily-installed
winch from the girder and attaching the winch for replacement
to the girder; and a wire-arranging step for arranging the
hoisted wire on the reciprocating winch and a movable pulley
provided between the balance and the girder.

[0008]

According to the invention, by changing from the
ordinarily-installed winch having a drum for winding a wire to
a reciprocating winch not having a drum and by supplying wire
that is used for replacing the wind turbine equipment from the
drum disposed on the ground, it is possible to use a movable
pulley whose usable length of wire is long. With this, the
ability or capacity required in the reciprocating winch can be
reduced compared with the case where the movable pulley is not
used. Therefore, the cost for the replacement operation can
be reduced. In addition, since the wind turbine equipment can
be replaced without using, for example, large heavy machinery,
the replacement operation is easier, resulting in a reduction
in the cost for the replacement operation.

[0009])

When the wind turbine equipment is replaced, the wire
used for replacing of the wind turbine equipment is hoisted
from the drum disposed on the ground. Therefore, it is not

necessary to ensure a space for disposing the drum in the
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nacelle. 1In particular, since the length of the wire
necessary for using the movable pulley is long, the size of
the drum for winding the wire tends to be large. Even in such
a case, the nacelle can be prevented from increasing in size
by disposing the drum on the ground. Consequently, the cost
for replacing the wind turbine equipment can be reduced.

[0010]

According to the method of replacing the wind turbine
equipment of the present invention, the ordinarily-installed
winch having a wire wound drum is replaced by a reciprocating
winch not having a drum, and alsc the wire that is used for
replacing the wind turbine equipment is supplied from the drum
disposed on the ground. Consequently, an advantage is
afforded in that the cost of replacing the wind turbine
equipment, which is the large equipment in the nacelle, can be

reduced.

Brief Description of Drawings

[0011]

[FIG. 1) Fig. 1 is a diagram illustrating the schematic
structure of a wind turbine according to an embodiment of the
present invention.

[FIG. 2] Fig. 2 is a side view illustrating the
structure of the nacelle of Fig. 1.

[FIG. 3] Fig. 3 is a top view illustrating the structure




of the nacelle of Fig. 1.

[FIG. 4] Fig. 4 is an enlarged partial top view
illustrating the structure in a state where an ordinarily-
installed winch is attached to a transversely extending winch
girder of Fig. 3.

[FIG. 5] Fig. 5 is an enlarged partial side view
illustrating the structure of the transversely extending winch
girder of Fig. 4.

[FIG. 6] Fig. 6 is an enlarged partial top view
illustrating the structure in a state where a reciprocating
winch is attached to the transversely extending winch girder
of Fig. 3.

[FIG. 7] Fig. 7 is an enlarged partial side view
illustrating the structure of the transversely extending
girder of Fig. 6.

[FIG. 8] Fig. 8 is a cross-sectional view taken along
the line A-A of Fig. 6, illustrating the structure of the
transversely extending girder.

[FIG. 9] Fig. 9 is a cross-sectional view taken along
the line B-B of Fig. 6, illustrating the structure of the
transversely extending girder.

[FIG. 10] Fig. 10 is a flow chart illustrating a work
flow for replacing electricity-generating equipment in the
wind turbine of Fig. 1.

[FIG. 11] Fig. 11 is a schematic view illustrating
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hoisting of first and second reciprocating winches in the wind
turbine of Fig. 1.

[FIG. 12} Fig. 12 is a schematic view illustrating
hoisting of wire in the wind turbine of Fig. 1.

[FIG. 13] Fig. 13 is a schematic view illustrating
replacement of the winch in the wind turbine of Fig. 1.

[FIG. 14] Fig. 14 is a schematic view illustrating a
state where carrying-in or carrying-out of electricity-

generating equipment is conducted in the wind turbine of Fig.

1.

(0012)

Explanation of Reference Signs:
2: tower

3: nacelle

5: electricity-generating equipment (wind turbine equipment)
14: girder portion (girder)

31: ordinarily-installed winch

41: reciprocating winch

41A: first reciprocating winch (reciprocating winch)

41B: second reciprocating winch (reciprocating winch)

61: balance

48: movable pulley

73: drum

Best Mode for Carrying Out the Invention

-10-




[0013)

The wind turbine according to an embodiment of the
present invention will be described with reference to Figs. 1
to 14.

Fig. 1 is a diagram illustrating the schematic structure
of the wind turbine according to this embodiment.

As shown in Fig. 1, the wind turbine 1 is for wind power
generation. The wind turbine 1 includes a tower 2 vertically
installed on a base B, a nacelle 3 mounted atop the tower 2, a
rotor head 4 provided on the nacelle 3 so as to be rotatable
around an approximately horizontal axis, and electricity-
generating equipment (wind turbine equipment) 5 generating
electricity through rotation of the rotor head 4.

[0014]

The rotor head 4 is fitted with a plurality of wind
turbine blades 6 that are arranged radially around the
rotation axis thereof. With this, wind blowing against the
wind turbine blades 6 from the direction of the rotation axis
of the rotor head 4 generates a force on the wind turbine
blades 6, causing the rotor head 4 to rotate around the
rotation axis. Thus, the rotor head 4 is rotated.

[0015]

The tower 2 extends upward (the top in Fig. 1) from the
base B to form a columnar structure, for example, a structure

composed of a plurality of units connected in the vertical

11-




9
direction. The nacelle 3 is mounted atop the tower 2. When
the tower 2 is composed of a plurality of units, the nacelle 3
is mounted on the unit disposed on the uppermost position.

[0016]

Fig. 2 is a side view illustrating the structure of the
nacelle of Fig. 1. Fig. 3 is a top view illustrating the
structure of the nacelle of Fig. 1.

As shown in Figs. 2 and 3, the nacelle 3 rotatably
supports the rotor head 4 and also stores the electricity-
generating equipment 5 in the inside thereof.

The nacelle 3 includes a nacelle baseplate 11 attached to
the upper end of the tower 2, a lower frame 12 fixed to the
nacelle baseplate 11, an upper frame 13 fixed to the nacelle
baseplate 11 and the lower frame 12, a girder portion (girder)
14 arranged on the upper frame 13, and a nacelle cover 15
covering the electricity-generating equipment 5 and other
equipment from the upper side.

[0017]

The nacelle baseplate 11 is provided on the tower 2 so as
to be rotatable around the vertical axis, in other words,
rotatable in a horizontal plane. The direction of the nacelle
3 can be changed by turning the nacelle baseplate 11 around
the vertical axis by means of a driving mechanism (not shown).

[0018]

As shown in Fig. 2, the nacelle baseplate 11 is a

-12-




10
structure in which a base portion 11lA approximately
horizontally fixed to the upper end of the tower 2 and a
casing portion 11B covering the base portion 11A from the
upper side are integrated, for example, integrated as a
casting.

The casing portion 11B is provided with a first opening
11H1 at a position (the left end in Fig. 2) facing the rotor
head 4 and a second opening 11H2 at a position (the right end
in Fig. 2) facing the first opening 11HI.

[0019]

The lower frame 12 is fixed to the rear end (the right
end in Fig. 2) of the base portion 11A of the nacelle
baseplate 11, and post members 17 of the upper frame 13 are
fixed to the base portion 11A and the casing portion 11B.

Furthermore, a gear box 16 that transmits rotation
driving force of the rotor head 4 to a generator 71 described
below is provided in the inside of the nacelle baseplate 11.
The gear box 16 is connected to the rotor head 4 through the
first opening 11H1 and is connected to the generator 71
through the second opening 11H2.

[0020]

As shown in Figs. 2 and 3, the lower frame 12 is a
supporting member on which the electricity-generating
equipment 5 is disposed on the upper surface thereof. The

lower frame 12 is fixed to the nacelle baseplate 11 and is

13-




11
arranged so as to extend backward (rightward in Fig. 2) from
the nacelle baseplate 11.

The lower frame 12 is provided with an opening (not
shown) for carrying-in or carrying-out of, for example, the
electricity-generating equipment 5, and the post members 17 of
the upper frame 13 are fixed to the lower frame 12.

[0021}

As shown in Figs. 2 and 3, the upper frame 13 is a
structure formed by combining rod-like members arranged in the
inside of the nacelle cover 15 over the nacelle baseplate 11
and the lower frame 12.

The upper frame 13 includes the post members 17 fixed to
the nacelle baseplate 11 and the lower frame 12 and includes
beam members 18 connecting the upper ends of the post members
17.

[0022)

The post members 17 are arranged at both side faces of
the nacelle baseplate 11 and the lower frame 12 such that
three posts are aligned in the longitudinal direction (in the
horizontal direction in Figs. 2 and 3) at each side.

The beam members 18 extend in the longitudinal direction
and are each arranged so as to connect the upper ends of the
three aligning post members 17. These beam members 18 also
function as longitudinally extending rails of a longitudinally

extending winch girder 21 described below.

-14-
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Connections of the post members 17 arranged at the rotor
head 4 side and beam members 18 are provided with diagonal
braces 19 for increasing the structural strength of the upper
frame 13.

[0023]

The girder portion 14 is used for carrying-in and
carrying-out devices used for maintenance of the wind turbine
1 and relatively lightweight materials, for example,
consumables such as lubricant oil, and is also used for
carrying-in and carrying-out the electricity-generating
equipment 5, which is heavier than these materials. The
girder portion 14 is arranged on the beam members 18 of the
upper frame 13.

[0024]

As shown in Figs. 2 and 3, the girder portion 14 includes
the longitudinally extending winch girder 21 longitudinally
extending over the upper frame 13 and a transversely extending
winch girder 22 transversely extending over the longitudinally
extending winch girder.

[0025]

The longitudinally extending winch girder 21 includes a
pair of transversely extending rails 23 extending in the width
direction (the vertical direction in Fig. 3) of the nacelle 3
and arranged so as to extend over the pair of beam members 18,

a pair of longitudinally extending frames 24 connecting the

-15-




13
transversely extending rails 23, and longitudinally extending
rollers 25 arranged between the beam members 18 and the
transversely extending rails 23 or the longitudinally
extending frames 24. The longitudinally extending winch
girder 21 has an approximately rectangular structure due to
these transversely extending rails 23 and the longitudinally
extending frames 24.

[0026)

The transversely extending winch girder 22 transversely
extends on the transversely extending rails 23 and is
detachably attached with an ordinarily-installed winch 31 and
a reciprocating winch 41, which are described below. First,
the structure of the transversely extending winch girder 22
will be described with reference to the drawing showing the
state where the ordinarily-installed winch 31 is attached
thereto.

[0027])

Fig. 4 is an enlarged partial top view illustrating the
structure in a state where the ordinarily-installed winch is
attached to a transversely extending winch girder of Fig. 3.
Fig. 5 is an enlarged partial side view illustrating the
structure of the transversely extending winch girder of Fig.
4.

As shown in Fig. 4, the transversely extending winch

girder 22 includes a pair of supporting frames 26 extending in

-16-




14
the longitudinal direction (the horizontal direction in Fig.
4) of the nacelle 3 and arranged so as to extend over the pair
of the transversely extending rails 23, a pair of transversely
extending frames 27 connecting both the supporting frames 26,
transversely extending rollers 28 arranged between the upper
face of the transversely extending rails 23 and the supporting
frames 26 or the transversely extending frames 27, and side
rollers 29 (see Fig. 5) arranged between the side faces of the
transversely extending rails 23 and the supporting frames 26.
As shown in Fig. 4, the transversely extending winch girder 22
has an approximately rectangular structure due to these
supporting frames 26 and the transversely extending frames 27.

Furthermore, a pair of reinforcing members 30 that is
used when the reciprocating winch 41 is attached is disposed
so as to extend over the pair of supporting frames 26.

[0028]

The ordinarily-installed winch 31 is used for carrying-in
and carrying-out devices used for maintenance of the wind
turbine 1, for example, consumables such as lubricant oil, and
is detachably attached to the transversely extending winch
girder 22. When the wind turbine 1 is operated, the
ordinarily-installed winch 31 is attached to the transversely
extending winch girder 22.

This embodiment will be described in terms of its

application to an ordinarily-installed winch 31 having a

17-




15
capacity (ability) capable of winching materials with a weight
of less than 500 kg up and down, but the ordinarily-installed
winch 31 may have a capacity (ability) capable of winching
materials with a weight of about 500 to 1000 kg up and down;
it is not particularly limited.

{0029]

The ordinarily-installed winch 31 includes a built-in
drum 32 with a wire wound thereon and a motor 33 for rotating
the built-in drum 32 to wind up or down the wire. An end of
the wire is provided with a hook 34 used for carrying-in and
carrying-out materials.

[0030)

Between the ordinarily-installed winch 31 and the
supporting frames 26 of the transversely extending winch
girder 22, a pair of low-load attaching frames 35 extending
over the pair of the supporting frames 26 and a rectangular
bracket 36 arranged between the ordinarily-installed winch 31
and the low-load attaching frames 35 are disposed.

The low-load attaching frames 35 are detachably fixed to
the supporting frames 26 with, for example, bolts and nuts,
and support the bracket 36. The bracket 36 supports the
ordinarily-installed winch 31.

(0031]

Next, a structure in which the reciprocating winch 41,

instead of the ordinarily-installed winch 31, is attached to

18-




16
the transversely extending winch girder 22 will be described.

Fig. 6 is an enlarged partial top view illustrating the
structure in a state where a reciprocating winch is attached
to the transversely extending winch girder of Fig. 3.

The reciprocating winch 41 is used for carrying-in and
carrying-out objects such as the generator 71 and the
transformer 72 of the electricity-generating equipment 5 and
is detachably attached to the transversely extending winch
girder 22. The reciprocating winch 41 is attached to the
transversely extending winch girder 22 only when, for example,
the generator 71 is replaced, with the ordinarily-installed
winch 31 detached.

[0032])

As shown in Fig. 6, the reciprocating winch 41 includes a
chassis 42, a pair of wire openings (not shown) provided in
the chassis 42, and a drawing portion 43 for drawing the wire
in the chassis 42. With such a structure, the wire introduced
to the drawing portion 43 through one of the openings is drawn
and is then introduced to the outside of the chassis 42
through the other opening.

The transversely extending winch girder 22 is provided
with two reciprocating winches, i.e., a first reciprocating
winch (reciprocating winch) 41A and a second reciprocating
winch (reciprocating winch) 41B aligned in the width direction

(the vertical direction in Fig. 6) of the nacelle 3.

-19-
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[0033]

This embodiment will be described in terms of its
application to a reciprocating winch 41 having a capacity
(ability) capable of winching materials with a weight of about
1000 kg up and down.

Furthermore, this embodiment will be described in terms
of an application in which two reciprocating winches 41 are
attached to the transversely extending winch girder 22, but
the number of reciprocating winches 41 is not particularly
limited and may be one or three or more.

[0034]

Between the first and second reciprocating winches 41A
and 41B and the supporting frames 26, a pair of high-load
attaching frames 44 is disposed so as to extend over the pair
of the supporting frames 26, and the first and second
reciprocating winches 41A and 41B are attached to the high-
load attaching frames 44.

The first reciprocating winch 41A is arranged so as to
have the wire opening facing rearward (rightward in Fig. 6) of
the nacelle 3, and the second reciprocating winch 41B is
arranged so as to have the wire opening facing frontward
(leftward in Fig. 6) of the nacelle 3.

[0035]

The high-load attaching frames 44 are detachably fixed to

the reinforcing members 30 (see Fig. 4) with, for example,

-20-
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bolts and nuts.

The reinforcing members 30 support the load applied to
first and second upper pulley portions 48UA and 48UB,
described below, together with the transversely extending
frames 27 when, for example, the generator 71 is replaced.

[0036]

As shown in Fig. 6, the transversely extending winch
girder 22 is further provided with a first guide 45A guiding
the wire to the first reciprocating winch 41A, a second guide
45B guiding the wire to the second reciprocating winch 41B, a
first pulley portion 46, a second pulley 47, the first and
second upper pulley portions 48UA and 48UB constituting
movable pulleys 48, and a third pulley 49 guiding the wire
from the second reciprocating winch 41B to the second upper
pulley portion 48UB.

[0037)

Fig. 7 is an enlarged partial side view illustrating the
structure of the transversely extending girder of Fig. 6.

As shown in Figs. 6 and 7, the first and second guides
45A and 45B guide the wire guided from the back of the nacelle
3 to the first and second reciprocating winches 41A and 41B,
respectively, and are each composed of a pair of guide rollers
that face each other.

The first and second guides 45A and 45B are detachably

attached to the transversely extending frame 27 at the rear

21-
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side of the nacelle 3 so as to be aligned in the width
direction of the nacelle 3. Specifically, the first guide 45A
is arranged at a position facing the first reciprocating winch
414, and the second guide 45B is arranged at a position facing
the second reciprocating winch 41B.

[0038]

The wire guided to the first guide 45A is guided to the
first upper pulley portion 48UA via the first reciprocating
winch 413, and the wire guided to the second guide 45B is
guided to the first pulley portion 46.

[0039]

Fig. 8 is a cross-sectional view taken along the line A-A
of Fig. 6, illustrating the structure of the transversely
extending girder.

As shown in Figs. 6 and 8, the first pulley portion 46
guides the wire guided to the second guide 45B to the lower
side (the lower side in Fig. 8) of the second reciprocating
winch 41B.

The first pulley portion 46 is detachably arranged,
between the transversely extending frame 27 and the
reinforcing member 30 of the rear side of the nacelle 3, at a
position adjacent to the second reciprocating winch 41B.

[0040]

The first pulley portion 46 includes a plurality of first

small rollers 46S for guiding the wire. The first small

22-
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rollers 46S are arranged on a smoothly curved line composed of
a circular arc protruding upward and a circular arc protruding
downward.

This embodiment will be described in terms of an
application in which eight first small rollers 46S are used,
but the number of first small rollers 46S is not particularly
limited and may be more or less than eight.

[0041]

The second pulley 47 is wound with the wire between the
first pulley portion 46 and the second reciprocating winch 41B
and modifies the direction in which the wire is guided to the
back of the nacelle 3 and also guides the wire guided to below
the second reciprocating winch 41B to the same height as the
second reciprocating winch 41B.

The second pulley 47 is detachably arranged, between the
transversely extending frame 27 and the reinforcing member 30
of the front side of the nacelle 3, at a position adjacent to
the second reciprocating winch 41B.

[0042]

The third pulley 49 is wound with the wire between the
second reciprocating winch 41B and the second upper pulley
portion 48UB and modifies the direction of the wire extending
from the second reciprocating winch 41B toward the front of
the nacelle 3 to the back of the nacelle 3.

The third pulley 49 is detachably arranged at a position
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adjacent to the second reciprocating winch 41B in the
transversely extending frame 27 of the front side of the
nacelle 3.

[0043]

Fig. 9 is a cross-sectional view taken along the line B-B
of Fig. 6, illustrating the structure of the transversely
extending girder.

As shown in Figs. 6 and 9, the first and second upper
pulley portions 48UA and 48UB pair with the first and second
lower pulley portions 48DA and 48DB, respectively, of a
balance 61 described below to constitute the movable pulleys
48.

The first upper pulley portion 48UA is detachably
arranged, between the transversely extending frame 27 and the
reinforcing member 30 of the rear side of the nacelle 3, at a
position adjacent to the first reciprocating winch 41A. The
second upper pulley portion 48UB is detachably arranged,
between the transversely extending frame 27 and the
reinforcing member 30 of the front side of the nacelle 3, at a
position adjacent to the first reciprocating winch 41A.

[0044]

As shown in Fig. 9, the first upper pulley portion 480A
includes a plurality of second small rollers 51S, two upper
pulleys 52, and a fixing unit 53 fixing an end of the wire.

In the first upper pulley portion 48UA, the second small
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rollers 51S and the two upper pulleys 52 are aligned in the
order of the second small rollers 51S, one upper pulley 52,
and the other upper pulley 52 from the first reciprocating
winch 41A side toward the second reciprocating winch 41B side.

[0045]

The plurality of second small rollers 51S is wound with
the wire between the first reciprocating winch 41A and the
first lower pulley portion 48DA. This embodiment will be
described in terms of an application in which six second small
rollers 51S are used, but the number of second small rollers
51S is not particularly limited and may be less or more than
six.

[0046]

In the first upper pulley portion 48UA, the plurality of
second small rollers 51S is aligned along the circular arc
having approximately the same radius as that of the upper
pulley 52 over about a quarter of the circle. The uppermost
second small roller 51S is arranged at approximately the same
height as that of the opening of the first reciprocating winch
413, and the other second small rollers 51S are arranged at
approximately the same intervals along the circular arc toward
the lower side according to the distance from the first
reciprocating winch 41A.

[0047]

The two upper pulleys 52 are, together with lower pulleys
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65 of the first lower pulley portion 48DA, wound with the
wire. The two upper pulleys 52 are arranged on the same axis
and are arranged at positions higher than the plurality of
second small rollers 518.

[0048]

The fixing unit 53 is a member fixing an end of the wire
and is disposed on the bottom face of the first upper pulley
portion 48UA. Specifically, the end of the wire wound between
the first upper pulley portion 48UA and the first lower pulley
portion 48DA is fixed to the fixing unit 53.

[0049]

As in the first upper pulley portion 48UA, the second
upper pulley portion 48UB includes a plurality of third small
rollers 545, two upper pulleys 52, and a fixing unit 53 fixing
an end of the wire. In the second upper pulley portion 48UB,
the third small rollers 54S and the two upper pulleys 52 are
aligned in the order of one upper pulley 52, the other upper
pulley 52, and the third small rollers 54S from the first
reciprocating winch 41A side toward the second reciprocating
winch 41B side.

[0050]

The plurality of third small rollers 54S is wound with
the wire between the second reciprocating winch 41B and the
second lower pulley portion 48DB. This embodiment will be

described in terms of an application in which six third small
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rollers 545 are used, but the number of third small rollers
545 is not particularly limited and may be less or more than
six.

[0051)

In the second upper pulley portion 48UB, the plurality of
third small rollers 54S is aligned along a circular arc having
approximately the same radius as that of the upper pulley 52
over about a quarter of the circle. The uppermost third small
roller 54S is arranged at approximately the same height as
that of the third pulley 49, and the other third small rollers
545 are arranged at approximately the same intervals along the
circular arc toward the lower side according to the distance
from the third pulley 49.

[0052)

The two upper pulleys 52 are, together with the lower
pulleys 65 of the second lower pulley portion 48DB, wound with
the wire. The two upper pulleys 52 are arranged on the same
axis and are arranged at positions higher than the plurality
of third small rollers 54S.

[0053])

The fixing unit 53 is a member fixing an end of the wire
and is disposed on the bottom face of the second upper pulley
portion 48UB. Specifically, the end of the wire wound between
the second upper pulley portion 48UB and the second lower

pulley portion 48DB is fixed to the fixing unit 53.
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[0054]

As shown in Figs. 7 and 9, the transversely extending
winch girder 22 is further provided with the balance 61 for
supporting the generator 71 to be replaced.

The balance 61 includes a support 62 supporting, for
example, the generator 71 to be replaced, and the first and
second lower pulley portions 48DA and 48DB, together with the
first and second upper pulley portions 48UA and 48UB,
respectively, constituting the movable pulleys 48.

[0055]

The support 62 is a member extending in the longitudinal
direction (the horizontal direction in Fig. 9) of the nacelle
3.

The bottom face of the support 62 is provided with
engaging portions 64 for engaging with, for example, the
generator 71 at four positions. To the support 62, the first
and second lower pulley portions 48DA and 48DB are arranged at
positions corresponding to the first and second upper pulley
portions 48UA and 4BUB, respectively.

[0056)

The first and second lower pulley portions 48DA and 48DB
are each provided with three lower pulleys 65. These three
lower pulleys 65 are aligned on the same axis in the width
direction of the nacelle 3.

[0057]
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As shown in Fig. 3, the electricity-generating equipment
5 includes the generator 71 receiving the rotation driving
force transmitted from the rotor head 4 and generating
electricity and includes the transformer 72 converting the
electricity generated by the generator 71 to AC power having a
predetermined frequency (for example, 50 Hz or 60 Hz). With
this, the rotation of the rotor head 4 is converted to a
predetermined power.

The generator 71 and the transformer 72 are aligned in
the width direction (the horizontal direction in Fig. 3) of
the nacelle on the lower frame 12 in the nacelle 3. The
generator 71 is connected to the gear box 16 via a shaft
transmitting a rotation driving force and is connected to the
transformer 72 via a wire guiding the generated electricity.

(0058]

A method of generating electricity in the wind turbine 1
having the above-described structure will now be roughly
described.

In the wind turbine 1, the wind force blowing against the
wind turbine blades 6 from the direction of the rotation axis
of the rotor head 4 is converted to a motive force causing the
rotor head 4 to rotate around the rotation axis.

This rotation of the rotor head 4 is transmitted to the
gear box 16. The gear box 16 increases the speed of the

rotation transmitted from the rotor head 4 and transmits the
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speeded-up rotation to the generator 71. The generator 71
generates electricity from the transmitted rotation according
to the rotating speed. The generated electricity is inputted
to the transformer 72 and is converted there to electricity
suitable for a receiver of the electricity, for example, AC
electricity with a frequency of 50 Hz or 60 Hz.

[0059]

Here, in order to make the wind power effectively act on
the wind turbine blades at least during the generation of
electricity, the rotor head 4 is made to face the wind by
appropriately turning the nacelle 3 on a horizontal plane.

[0060)

Here, the method of replacing electricity-generating
equipment, which is a feature of the present invention, will
be described.

Fig. 10 is a flow chart illustrating a work flow for
replacing electricity-generating equipment in the wind turbine
of Fig. 1. Fig. 11 is a schematic view illustrating hoisting
of first and second reciprocating winches in the wind turbine
of Fig. 1.

In the wind turbine 1, when the electricity-generating
equipment 5, such as the generator 71 or the transformer 72,
is replaced, as shown in Figs. 10 and 11, first, the
ordinarily-installed winch 31 hoists the first and second

reciprocating winches 41A and 41B, the first and second guides
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45A and 45B, the first pulley portion 46, the second pulley
47, the third pulley 49, the first and second upper pulley

portions 48UA and 48UB, the balance 61, and so on into the

nacelle 3 (Sl: winch hoisting step). In Fig. 11, in order to
simplify the description, only the first and second
reciprocating winches 41A and 41B are shown.

[0061]

Fig. 12 is a schematic view illustrating hoisting of the
wire in the wind turbine of Fig. 1.

Then, as shown in Figs. 10 and 12, the wire of the
ordinarily-installed winch 31 is lifted down from the back of
the nacelle 3, and the wires for replacing the electricity-
generating equipment 5, which are wound on the two drums 73
installed on the ground, are hoisted up to the nacelle 3 (S2:
wire hoisting step).

Specifically, the wire of the ordinarily-installed winch
31 is lifted down via a guiding pulley 13P disposed at the
rear end of the upper frame 13. The wires for replacement,
hoisted up to the nacelle 3, are temporarily fixed in the
nacelle 3 via the guiding pulley 13P.

[0062]

In this embodiment, the total length of the wires for
replacement that are wound on the drums 73 is at least about
seven times the height (length) from the ground to the nacelle

3. Accordingly, it is possible to supply the wires from the

-31-




15 Apr 2009

2008264650

29
drums 73 disposed on the ground to the nacelle and also to
carry in and carry out the electricity~generating equipment 5
between the ground and the nacelle 3 using the movable pulleys
48 where the wire reciprocates three times.

[0063]

Fig. 13 is a schematic view illustrating replacement of
the winch in the wind turbine of Fig. 1.

Then, as shown in Figs. 10 and 13, after the hoisting of
the wires for replacement, the ordinarily-installed winch 31
is replaced by the first and second reciprocating winches 41A
and 41B (S3: winch replacing step).

Specifically, first, the ordinarily-installed winch 31,
the bracket 36, and the low-load attaching frames 35 are
detached from the transversely extending winch girder 22 (see
Fig. 4). Then, the high-load attaching frames 44, the first
and second guides 45A and 45B, the first pulley portion 46,
the second pulley 47, the third pulley 49, the first and
second upper pulley portions 48UA and 48UB, and the first and
second reciprocating winches 41A and 41B are attached to the
transversely extending winch girder 22 (see Fig. 6).

The detached ordinarily-installed winch 31, the bracket
36, and the low-load attaching frames 35 are stored in a
vacant space in the nacelle 3,

[0064]

After the attachment of the first and second
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reciprocating winches 41A and 41B to the transversely
extending winch girder 22, the wires for replacement, which
are temporarily fixed in the nacelle 3, are each applied to
the first and second reciprocating winches 41A and 41B and the
movable pulleys 48 (S4: wire arranging step).

[0065)

Specifically, as shown in Fig. 6, one of the wires for
replacement is made to pass through the first guide 45A and
then one of openings of the first reciprocating winch 41A and
is wound on the drawing portion 43 and then is drawn out from
the other opening.

The wire drawn out from the first reciprocating winch 41A
is wound on the plurality of second small rollers 51S of the
first upper pulley portion 48UA and then wound on the lower
pulleys 65 at the first reciprocating winch 41A side of the
first lower pulley portion 48DA (see Fig. 9). Then, the wire
is wound on the upper pulley 52 at the center of the first
upper pulley portion 48UA, the lower pulley 65 at the center
of the first lower pulley portion 48DA, the upper pulley 52 at
the second reciprocating winch 41B side of the first upper
pulley portion 48UA, and the lower pulley 65 at the second
reciprocating winch 41B side of the first lower pulley portion
48DA.

Lastly, the wire is fixed to the fixing unit 53 of the

first upper pulley portion 48UA.
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[0066])

On the other hand, the other wire for replacement is made
to pass through the first pulley portion 46, the second pulley
47, and the second reciprocating winch 41B, in this order,
from the second guide 45B. The way in which the wire passes
through the second reciprocating winch 41B is the as that of
the first reciprocating winch 41A.

The wire drawn from the second reciprocating winch 41B is
wound on the plurality of third small rollers 54S of the
second upper pulley portion 48UB and is wound on the lower
pulley 65 at the second reciprocating winch 41B side of the
second lower pulley portion 48DB (see Fig. 9). Then, the wire
is wound on the upper pulley 52 at the center of the second
upper pulley portion 48UB, the lower pulley 65 at the center
of the second lower pulley portion 48DB, the upper pulley 52
at the first reciprocating winch 41A side of the second upper
pulley portion 48UB, and the lower pulley 65 at the first
reciprocating winch 41A side of the second lower pulley
portion 48DB.

Lastly, the wire is fixed to the fixing unit 53 of the
second upper pulley portion 48UB.

[0067)

By the above, the preparation for replacement of the
electricity-generating equipment 5 is completed, and the

replacement operation (S85: electricity-generating equipment
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replacing step) of the electricity-generating equipment 5 is
started.

[0068]

Fig. 14 is a schematic view illustrating a state where
carrying-in or carrying-out of electricity-generating
equipment is conducted in the wind turbine of Fig. 1.

First, the carrying-out of the electricity-generating
equipment 5 will be described. As shown in Figs. 10 and 14,
in the carrying-out, first, the balance 61 is attached to the
electricity-generating equipment 5, for example, to the
generator 71. Specifically, the engaging portions 64 of the
balance 61 are engaged with the suspending portion (not shown)
at the upper side of the generator 71.

Then, the generator 71 is lifted up from the lower frame
12 by winching the wire with the first and second
reciprocating winches 41A and 41B. Then, the generator 71 is
moved to the upper side of the opening (not shown) of the
lower frame 12 by moving the longitudinally extending winch
girder 21 and the transversely extending winch girder 22.

[0069)

Then, the generator 71 is lifted down to the ground from
the nacelle 3 by unwinding the wire with the first and second
reciprocating winches 412 and 41B. Thus, the carrying-out
operation is completed.

On this occasion, the weight of the generator 71 is
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supported by the first and second reciprocating winches 41A
and 41B and other components, but is not supported by the drum

73.

[0070]

In the carrying-in of the electricity-generating
equipment 5, the above-described carrying-out process is
similarly conducted in the reverse order.

[0071]

According to the above-mentioned process, by changing
from the ordinarily-installed winch 31 having the built-in
drum 32 to the first and second reciprocating winches 41A and
41B not having drums and by supplying wire that is used for
replacing the electricity-generating equipment 5 from the drum
73 disposed on the ground, it is possible to use the movable
pulleys 48 whose usable length of wire is long. By doing so,
the ability or capacity required in the first and second
reciprocating winches 41A and 41B can be reduced compared with
the case where the movable pulleys 48 are not used.
Therefore, the cost for the replacement operation can be
reduced. In addition, since the electricity-generating
equipment 5 can be replaced without using, for example, large
heavy machinery, the replacement operation is easier,
resulting in a reduction in the cost for the replacement
operation.

[0072]
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Since the wires for replacing the electricity-generating
equipment 5 are hoisted from the drum 73 disposed on the
ground, it is not necessary to ensure a space in the nacelle 3
for disposing the drum 73. In particular, since the required
length of the wire when using the movable pulley 48 is long,
the size of the drum 73 for winding the wire tends to be
large. Even in such a case, the nacelle 3 can be prevented
from increasing in size by disposing the drum 73 on the
ground. Consequently, the cost for replacing the electricity-

generating equipment 5 can be reduced.
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CLAIMS
1. A method of replacing wind turbine equipment, comprising:

a winch-hoisting step for winching up to a nacelle a
reciprocating winch that is used for replacing wind turbine
equipment disposed in the nacelle mounted atop a tower and a
balance supporting the wind turbine equipment with an
ordinarily-installed winch provided on a girder that moves in
the nacelle;

a wire-hoisting step for hoisting a wire that is used for
the replacement of the wind turbine equipment to the nacelle
from a drum disposed on the ground;

a winch-replacing step for detaching the ordinarily-
installed winch from the girder and attaching the winch for
replacement to the girder; and

a wire-arranging step for arranging the hoisted wire on
the reciprocating winch and a movable pulley provided between

the balance and the girder.
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FIG. 14
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