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(57) Abrege/Abstract:
Provided Is a wind power generation apparatus including a wind turbine blade that has a blade body and a receptor mounted on a
tip of the blade body. The receptor Includes a solid blade outer portion that is positioned on an outside of a tip opening portion of
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(57) Abrege(suite)/Abstract(continued):
the blade body and a blade inner portion that is positioned on an inside of the tip opening portion. The blade inner portion includes

a portion of which a size in a width direction or a thickness direction Is greater than a size of an inner wall of the blade tip opening
portion In the width direction or the thickness direction. An internal conductor connected to the receptor is provided on an inside of
the blade tip opening portion. A fastening unit that fastens the blade inner portion and the blade body Is provided. A portion of the
blade inner portion of the receptor on which the fastening unit is mounted is formed in a block shape so as to cover the fastening

unit in a length direction thereof.
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ABSTRACT OF THE DISCLOSURE

Provided 1is a wind power generation apparatus including

a wind turbine blade that has a blade body and a receptor mounted

on a tip of the blade body. The receptor includes a solid blade
outer portion that is positioned on an outside of a tip opening
portion of the blade body and a blade inner portion that 1is
pésitioned on an inside of the tip opening portion. The blade
inner portion includes a portion of which a size 1n a width
direction or a thickness direction 1s greater than a size of

P

an inner wall of the blade tip opening portion in the width

direction or the thickness direction. An i1nternal conductor

connected to the receptor is provided on an inside of the blade

tip opening portion. A fastening unit that fastens the blade
inner portion and the blade body is provided. A portion of

the blade inner portion of the receptor on which the fastening

unit is mounted 1s formed in a block shape so as to cover the

fastening unit in a length direction thereof.



WIND POWER GENERATION APPARATUS

WITH LIGHTNING RECEIVING SECTION

FIELD

The present 1nvention relates to a wind power generation
apparatus and, more particularly, relates to a wind power
generation apparatus provided with a lightning receiving

section (tip receptor) 1in a tip of the blade.

BACKGROUND

A wind power (generation apparatus has an extremely
significant risk of undergoing lightning strikes because of the
height thereof, and countermeasures against lightning strikes
are consxdered to be 1mportant 1ssues. In particular, 1f a
wind turbine 1s 1ncreased 1n size, since the percentage of
lightning damage to a blace 1s 1ncreased, countermeasures
against the lightning strikes o0I Lhe blade are 1mportant.
Therefore, the countermeasures agalinst the lightnirng strikes
for preventing the lichtning strike are performea to the blade
by providing a lightning recelving section (tip receptor) 1n a
tip of the blade 1n addition to the receptor.

A current duration time may be long, and a charge amount
may be large 1n lightning (winter >ightning) 1n winter among

lightning. A lightning current of substantially 1,000 Coulombs

=]

exceeding a lightning protection level, which 1s defined by IEC

standards, may be observed 1n the blade due to a 1lightning

CA 2917021 2017-12-28
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strike. Thus, 1f the measurement of the lightning strike equal
to or greater than 1,000 Coulombs that 1s actually observed
is performed, it is possible to suppress blade damage occurring
due to winter lightning and also to 1mprove an operation rate

y

of the wind power generation apparatus.

For 1lightning having a large charge amount, 1n order not
to cause melting, hole opening, and the like to occur, even
when the tip receptor receives the lightning strike, 1t 1s

preferable that a solid receptor 1s employed among the tip

receptors. In addition, from the viewpoint of preventing the
lightning strike to the blades other than the receptor by

generating the lightning strike in the receptor, the solid

receptor easilycollects electrons and has effects greater than

—

those of a hollow receptor. Here, a wind turbine blade, 1n

which a receptor is mounted on a tip of the blade, 1s described,
for example, in JP-A-2011-163132. 1In addition, the wind
turbine blade, in which a hollow receptor is mounted on a tip

of the blade, is described, for example, in WO 2013/084634 Al.

Mounting of the tip receptor on the blade 1s performed
by providing an anchor section in a lightning receiving section

and fixing the anchor section to the tip of the blade 1n

JP-A-2011-163132. In addition, a tip of the anchor section
has a tapered shape of which a width is increased toward the
tip, the tip is locked to a locking clearance provided 1n the

plade, bonding 1s performed by adhesive, and then the anchor
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section 1s reliably fixed to the blade.
In WO 2013/084634 Al, the solid receptor 1s not mounted
on the blade, but fiber reinforced plastic 1s fastened to a

metal receptor with a bolt in a state where the fiber reinforced

plastic forming at least a part of a blade body 1s at least

overlapped with themetal receptor forming the tip of the blade.

The tip receptor receives a centrifugal force according

to rotation of the blade. Since the solid receptor 1s heavier

than the hollow receptor and receives a greater centrifugal

force, it i1s important to reliably mount the tip receptor on

the blade. In the related art, for example, as described in
JP-A-2011-163132, mounting of the tip receptor on the blade

is performed by using a locking structure in compliance with

shapes of the tip receptorandthetipof thebladeor asdescribed
in WO 2013/084634 Al, the mounting is performed by using a
fastening unit such as the bolt. In themountingby the locking

structure as described in JP-A-2011-163132, inorder toperform

reliably fixing, adhesive 1s used and combination of the

fastening unit such as the bolt 1is not performed.

If mounting is performed by using the fastening unit such

as the bolt, it is also assumed that a head portion of the bolt

become detached due to the lightning strike 1n the head portion
of the bolt. In the mounting by the locking structure 1n
compliance with the shapes of the tip receptor and the tip of

the blade, since utilization of the fastening unit such as the



bolt 1s basically not necessary, a problem o0of damage of the
fastening uvnit such as the bolt does not occur.

However, according to study of the i1nventors of the present
the 1nvention, also 1n the mounting by the locking structure 1in
compliance with the shapes o0f the tip receptor and the tip of
the Dblade, fixing of the tip receptor to the blade 1s
deteriorated due to the 1lightning strike and the tip receptor
may be fallen out from the tip of the blade (moreover, 1n the
technique field, falling-off of the tip receptor due to the
lightning strike 1s often referred to as scattering of the tip
receptor). If the damacge of the blade such as scattering of the
tip receptor occurs due to the 1lightning strike to the tip
receptor, 1t requires a large amount of time and costs to blade

repalr and 1t may cause a significant loss 1n the costs.

o> UMMARY
An object of certain embodiments 1s to provide a wind

turbine blade and a wind power generation apparatus, 1n which

scatltering of a tlp receptor due to a lightning strike can be
suppressed 1n a wind power generation apparatus, 1ncluding the
w_nd turbine blade in which fixing of the tip receptor to a tip
of the blade 1s performed Dby using a locking structure 1in
compliance with shapes o0f the tip receptor, and an opening
section c¢f the tip of the blade.

Certaln exemplary embodments can provide a wind power

generation apparatus comprising: a wind turbine blade that has a

CA 2917021 2017-12-28



blade body and a receptor mcunted on a blade body tip, wherein
the receptor 1includes a solid blade outer portion that 1s
positioned on an outside of a blade body tip opening portion and
a blade 1nner portion that 1s positioned on an 1nside of the tip
openling portion, wherein the Dblade 1nner portion 1ncludes a
portion of which a size 1n a width direction or a thickness
direction 18 greater than a size of an 1nner wall of the blade
Cip opening portion 1n the width direction or the thickness
direction, wherein an 1nternal c¢cnductor that 1s connected to
the receptor 1is provided on the 1nside of the blade tip opening
portion, whereln a fastening unit that fastens the blade inner
portion and the blade body 1s provided, wherein a portion of the
blade 1inner portion of the receptor on which the fastening unit
1s mounted 1s formed 1n a block shape so as to cover the
fastening unit 1n a length direction, and wherein the Dblade
lnner portion s solid.

According to certaln embodiments, 1n the wind turbine blade
and the wind power generation apparatus using the wind turbiline
blade 1n which fixing of the tip receptor to the blade tip 1is
performed by a locking structure 1n compliance with the shapes
of the tip receptor and the blade Lip opening portion, 1t 1is
possible to effectively suppress scattering oI the tip receptor
due to the lightning strike.

Problems, configurations, and effects other than the above

description will become apparent from the followling

CA 2917021 2017-12-28
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description of embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. lisanexplanatoryviewillustratingaconfiguration
of a wind power generation apparatus (horizontal axis wind

turbine) to which the invention is applied.

Fig. 2 is a schematic view of a blade illustrating a
configuration example of a wind turbine blade to which the

invention is applied.

Fig. 3 is an enlarged view of a tip portion of the wind
turbine blade according to an example of the invention and 1s

aviewillustratingastructureinwhichatipreceptor ismounted

on a blade tip.

Fig. 4 is an enlarged sectional view of the tip portion

of thewind turbine blade according toanexample of the invention

and is a sectional view that is taken along arrow line IV-1IV

in Fig. 3.

1

Fig. 5 is a sectional view of a fastening member that
is used for fixing the tip receptor of the wind turbine blade
in an example of the invention.

Fig. 6 is an enlarged sectional.view of the tip portion

of the wind turbine blade according to the example 1llustrated
in Fig. Fig. 4 of the invention and is a sectional view that

is taken along arrow line VI-VI in Fig. 3.

Fig. 7 is an enlarged sectional view of the tip portion
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of the wind turbine blade according to the example 1llustrated

in Fig. Fig. 4 of the invention and is a sectional view that

is taken along arrow line IV-IV in Fig. 3 in a state where a
head portion of a fastening member 1s removed.

Fig. 8 is an enlarged sectional view of a tip portion

pr—

of a wind turbine blade according to another example of the

invention and is a sectional view that 1s taken along arrow

line IV-IV in Fig. 3.

Fig. 9 is an enlarged sectional view of a tip portion

of a wind turbine blade according to still another example of

the invention and is a sectional view that is taken along arrow

line IV-1IV in Fig. 3.

Fig. 10 is an enlarged sectional view of the tip portion

of the wind turbine blade according to the example 1llustrated

in Fig. Fig. 9 of the invention and is a sectional view that

is taken along arrow line VI-VI 1n Fig. 3.

—

Fig. 11 is an enlarged sectional view of a tip portion

of a wind turbine blade according to still another example otf

the invention and is a sectional view that i1s taken along arrow

line IV-IV in Fig. 3.

-

Fig. 12 is an enlarged sectional view of a tip portion

of a wind turbine blade according to still another example of

the invention and is a schematic view of a state where an upper

.

surface side of the blade 1is removed.

Fig. 13 is a view illustrating a modification example



of Fig. 12.

DETAILED DESCRIPTION

Hereinafter, examples of the 1invention will be described

with reference to the drawlings 1n detail.

First, circumstances to lead to the 1nvention will be

described 1n detail.

As described above, the 1nvention relates to the wind
turbine blade 1n which fixing of the tip receptor to the blade
tip 1s performecd by using the locking structure in compliance
with the shapes of the tip receptor and the 1inner wall of the
blade tip opening portion. Ir the locking structure 1n
compliance with the shapes o©f the tip receptor and the 1nner
wall of the blade tip opening portion, a portion (blade outer
portion) 1n which the tip receptor 1s positioned on the outside
of the blade tip opening portion and a portion (blade inner
portion) 1n which the tip receptor 1s 1nserted 1into the 1i1nside
of the blade tip opening portion are provided, and the size of
the blade 1nner portion 1s greater than that of the 1inner wall
of the blade tip opening portion 1n the width direction or the
thickness direction. Thus, the tip receptor 1s prevented from
physically scattering from the blade tip opening portion. In
addition, 1n such a locking structure, the blade inner portion

cf the tip receptor and the 1inner wall of the blade tip opening

portion are further fixed by adhesive, 1t 1s ©possible to

CA 2917021 2017-12-28
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effectively suppress scattering of the tip receptor from the
blade tip opening portion.

However, ifmoisture suchas condensationwaterispresent
within the blade, the moisture 1s evaporated by the lightning,

pressure within the blade is increased, and 1t 1s sald that

thebladebecomes damaged. Ifaneffectofthelockingstructure
| of the tip receptor in the blade tip is considered, 1t may be
estimated that the moisture 1s evaporated by the lightning,
internal pressureilsincreased, andtherebythebladetipopening
portion isopenedgreater thanthesizeof theblade inner portion

of the tip receptor in the width direction or the thickness

direction. However, even 1f the blade tip opening portion 1s
opened, since the inner wall of the blade tip opening portion
and a surface of the blade inner portion of the tip receptor
are fixed by adhesive, 1t 1s conceivable that scattering of

the tip receptor 1is effectively suppressed from the blade tip

opening portion. However, 1t 1s also estimated that the

adhesive 1s deteriorated by the 1lightning strike and the effect
of the adhesive 1s absent.

As described above, even 1f fixing of the tip receptor

to the blade tip 1is performed by using the locking structure

1n compliance with the shapes of the tip receptor and the blade

tip opening portion, and the adhesive, 1t 1s difficult to

effectively suppress scattering of the tip receptor 1f

deterioration of the locking structure or the adhesive due to
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the lightning strike occurs. The inventors of the present

application perform study whether or not scattering of the tip
receptor can be effectively suppressed even 1f deterioration
of the locking structure or the adhesive due to the lightning

strike occurs, based on such consideration.

As a result of such consideration, 1f the tip receptor

and the blade are fixed by the fastening unit such as the bolt
in addition to the locking structure in compliance with the
shapes of the tip receptor and the blade tip opening portion,

1t 1s possible to effectively suppress scattering of the tip

receptor from the blade tip opening portion by the fastening

P

unlt such as the bolt, even 1f the blade tip opening portion

is opened, the locking structure is deteriorated, and the
adhesive 13 deteriorated due to the lightning strike. Here,
in the inventién, the locking structure in compliance with the
shapes of the tip receptor and the blade tip opening portion

—

1s a main fixing unit of the tip receptor and the fastening

unit such as the bolt 1s an auxiliary fixing unit of the tip

receptor. In other words, even i1f the fastening unit such as

the bolt 1s not provided, it is possible to £ix the tip receptor

to the blade tip opening portion by the locking structure in

compliance with the shapes of the tip receptor and the blade

tip openling portion. If the fastening unit such as the bolt

18 the main fixing unit of the tip receptor, since there 1s

a concern that detachment of the head of the bolt occur due

10
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to the lightning strike, 1t 1s conceivable that wvarious

considerations are used as the fixing unit or something is taken

1nto consideration when determining how to configure the tip

receptor. However, as the invention, if the fastening unit

such as the bolt 1s used as the auxiliary fixing unit of the

tip receptor, there 1s no great hindrance to fixing the tip

-

receptor, for example, even 1f the head portion of the bolt

L

becomes detached. As described above, the invention can

effectively suppress scattering of the tip receptor even 1if

deterioration of the locking structure or the adhesive due to

the lightning strike by simultaneously using the fasteningunit

such as the bolt as the auxiliary fixingunit of the tip receptor
and the locking structure in compliance with the shapes of the
tip receptor and the blade tip opening portion. In addition,
in the 1nvention, since the centrifugal force acting on the
tip receptor is also held in the fastening unit such as the
bolt 1n addition to the locking structure or the adhesive, the
centrifugal force acting on the tip receptor 1s dispersed and
held, and deterioration suppression of the locking structure
or the adhesive can be expected.

Next, embodiments of the invention will be described.

Flirst, a configuration of a horizontal axis wind turbine 1

including blades 4, to which the invention is applied, will

be described with reference to Figs. 1 and Z.

As 1llustratedinFig. 1, thehorizontal axiswind turbine

11
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1 1is configured of a tower 2 that 1s provided on a ground, a
nacelle 3 that is mounted on a top portion of the tower 2, the
blades 4 that are mounted on a main shaft (not i1llustrated)

on an inside of the naceile 3, and the like. A generator 1s

connected to the main shaft via a reduction gear and power

generation 1s performed by the generator based on rotation of
the blades 4. The blade 4 1s configured to include a hull made
of fiber-reinforced plastic (FRP) and a maln girder (not

11lustrated) that 1s disposed on an inside of the hull.

A receptor (lightning receiving section) is provided in
the blade 4 as a lightning protection device. The receptor
1s connected to a grounding electrode by an internal conductor
(down conductor) and the internal conductor causes a lightning
current to be quickly conducted from the receptor to the
grounding electrode. In the example, a tip receptor 9 that

1s the lightning receiving section 1s provided in a tip portion

of the blade 4. 1In addition, an intermediate receptor 16 1is

provided depending on the size of the blade. In addition, in

the example, the internal conductor 1s configured of a grounding
lightning conductor 11, an in—-tower lightning conductor 12,

an in-nacelle lightning conductor 13, and an in-blade lightning

conductor 14. In addition, the internal conductor also
1ncludes an internal conductorusingastructure (configuration
member performing a lightning protection function) that is not

specially installed for that purpose. The internal conductor

12
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is configured of a material or at a thickness in consideration

puls

of energy (charge amount) of the lightning. A conductor and

A

the like made of aluminum are used, 1n addition to a copper

wlre.

In the ground in the vicinity of an installation portion

of the tower 2, as illustrated in Fig. 1, a grounded metal plate

10 1is embedded, as a ‘ground pole, and the grounding lightning
conductor 11 that is a part of the internal conductor (down
conductor) i1s disposed between the grounded metal plate 10 and
a grounded terminal 2Z2a of the tower 2. In addition, as
1llustrated in Fig. 1, the in—-tower lightning conductor 12 that
1s a part of the internal conductor 1s disposed on the inside

F

of the tower 2. A lower end of 1n-tower lightning conductor

12 1s connected to the grounded terminal Z2a provided 1n a lower
portion of the tower 2 and then i1in-tower lightning conductor
12 and the grounded metal plate 10 are electrically connected
to each other. 1In addition, an upper end of in-tower lightning

conductor 12 1s connected to the 1n-nacelle 1l1ghtning conductor

#

13 that 1s a part of the internal conductor disposed on the

inside of the nacelle 3.

As 1llustrated 1in Fig. 1, the in-nacelle 1lightning

conductor 13 1s disposed on the inside of the nacelle 3. One

P

end of the 1n-nacelle lightning conductor 13 is connected to

in-tower lightning conductor 12 and the other end of the

in—-nacelle lightning conductor 13 1s connected to one end of

13
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the in-blade lightning conductor 14 that isapart of the internal

conductor disposed on the inside of the blade 4. The other

end of the in-blade lightning conductor 14 1s connected to a

-
e

lightning receiving section 9. In addition, 1f the

intermediate receptor 16 1s provided, other end of the in-blade

lightningconductor 14 isconnectedtothe intermediate receptor
16 in a middle of the 1n-blade lightning conductor 14. 1In

addition, as illustratedinFig. 1, alightning rod 5 isprovided

in a rear portion of the nacelle 3. The lightning rod 5 1is
disposed for protecting an anemometer or a vane anemometer from
the lightning. Thelightningrodbisalsoconnectedtoin-tower

lightning conductor 12 via the 1n-nacelle lightning conductor

13.

If the l1ightning strikes the tip receptor 9 provided in
the blade 4 of the horizontal axis wind turbine 1, a lightning
current 1s induced 1n the ground successively through the
in-plade lightning conductor 14, the in-nacelle lightning
conductor 13, 1n-tower lightning conductor 12, the grounding
lightning conductor 11, and the grounded metal plate 10. In

addition, 1f the lightning strikes the lightning rod 5, the

lightning current is induced in the ground successively through
the 1n-nacelle lightning conductor 13, in-tower lightning
conductor 12, the grounding lightning conductor 11, and the

grounded metal plate 10.

Next, a fixing structure of the tip receptor to a tip

14
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opening portion of the blade (blade body) 4 will be described

1n detailil with reference to Figs. 3 to 13.

As i1llustrated in Fig. 3, the tip receptor 9 includes

a portion (blade outer portion 9a) that is positioned on an

gr—

outside of a blade tip opening portion and a portion (blade

inner portion 9b) that 1is inserted into an inside of the blade

tip opening portion. In addition, an opening in the blade tip

portion 1s a circular shape opening that is formed in the blade

tip by combining two blade surfaces (back-side surface and a

front-side surface) having half-divided shapes.

ﬁ

The blade inner portion 9b of the tip receptor 9 1is

configured to have a portion of which the size is greater than

the si1ze of the blade tip opening portion in a width direction

(right and left direction 1n Fig. 3) or a thickness direction

(direction substantially intersecting a vertical to a paper

surface of Fig. 3). Thus, a so-called locking structure 1s

configured by the shapes of the tip receptor and the blade tip

opening portion. In other words, in the locking structure in

compliance with the shapes of the tip receptor and the blade

tip opening portion, a relationship between the shape of the

tip opening portion of the blade 4 and the shape of the blade
inner portion 9o of the tip receptor 9 is a relationship where

a region inwhichaninnerwall portionof the tip openingportion

of the blade 4 and the blade 1nner portion 9o of the tip receptor

9 are overlapped when viewed from the vertical direction, on

15
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a plane surface of the tip opening portion of the blade 4 in
a state where the blade inner portion 8b of the tip receptor

9 1s mounted on the tip opening portion of the blade 4.

In the example, the blade inner portion 9b of the tip
receptor 9 1s configured such that the size 1n the thickness
direction (direction substantially intersecting the vertical
to the paper surface of Fig. 3) is greater than that of the
blade tip opening portion (see Figs. 4 and 6 to 11).

Moreover, in WO 2013/084634 Al, in a region in which the

fiber-reinforcedplasticand themetal receptor are overlapped,

the metal receptor has a region of which a thickness (distance

from a surface of a first concave section on a suction surface
side to a surface of the first concave section on a pressure

surface side) 1n the first concave section is greater than the

interval (fromacontact surfaceof thefiber-reinforcedplastic

with the metal receptor on the suction surface side to a contact

surface of the pressure surface side with the metal receptor)

inatip of the fiber-reinforced plastic, but the configuration

of the invention i1s not suggested. In WO 2013/084634 Al, the

metal receptor 1s also configured to separate a suction-side
portion and a pressure-side portion having half-divided shapes
into two portions. Furthermore, in WO 2013/084634 A1, in the
first concave section of the metal receptor, the
fiber-reinforced plastic is positioned so as to cause only the

first concave section of the metal receptor to be interposed

16



CA 02917021 2016-01-08

pbetween two plates thereof on the suction surface side and the

pressure surface side, and does not form the blade tip opening
portion. Thus, in the configuration of WO 2013/084634 Al, if
a bolt fastening the fiber-reinforced plastic and the metal

receptor are damaged due to the lightning strike, the metal

receptor may be separated from the fiber-reinforced plastic

due to rotation or vibration of the vane and it 1s not said

that the locking structure i1s configured by the shapes of the

metal receptor and the fiber-reinforced plastic.
Intheexample, 1nadditiontothe above-describedlocking
structure, the tip portion of the blade 4 and the blade 1nner

portion 9b of the tip receptor 9 are fastened together by using

a fastening unit 20 configured of a bolt and the like. A
plurality (two in the example) of the fastening units 20 are

mounted inawidthdirectionof theblade, sidebyside. Details

of the fastening unit 20 will be described with reference to

Figs. 4 to 11.

In addition, adrain hole 15 is formed on an upper surface
of the blade 4 on the tip portion side. The drain hole 15 is

intended to ensure that water does not accumulate on the inside

of theblade 1n order to prevent an increase of internal pressure

due to lightning. Water 1s drained from the drain hole 15 by

a centrifugal force during rotation of the blade 4.
Thereceptormaybemeltedbyheat whenreceivinglightning.

Thus, a material or a size capable of maintaining sufficient

17
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performance 1s selected 1n consideration of the temperature
increase by heat. 1In the example, the tip receptor 9 1s a solid

receptor, a volume 1s 1increased, and the tip receptor 9 1is

configured by using aluminum, copper, or brass having high
conductivity. DMoreover, the solid receptor 1s a receptor

having no space portion other than a hole for mounting the

fasteningunit suchasthebolt, aholethat 1s formed formounting

the i1internal conductor, or the like, and more particularly,

in the example, a receptor having no cavity within the blade

P

outer pecrtion 9a of the tip receptor 9 is referred to as the

solid receptor. The solid receptor has features of easily
collecting electrons, causes the lightning to strike the tip

receptor 9, and has a high effect of preventing the lightning

from striking blades other than the receptor. 1In addition,

1t is preferable that the receptor has as much strength as

possible and it 1s preferable that the receptor i1s configured

as the solid receptor to reduce the risk of a vacant hole without

having to be dissolved when receiving the lightning strike.

Furthermore, as described below, 1t 1s possible to 1ncrease
heat capacitybymaking theblade inner portion 8b solid. Thus,
1t 1s possible to suppress a rapid increase 1n temperature on

pr——

the 1nside of the receptor due to lightning.

As 1llustrated in Fig. 4, the blade inner portion 9%b of
the tip receptor 9 has a spread in a direction toward a base

from the blade body tip side and has an abutting surface coming

18
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intocontactwithan innerwall surfaceof thetipopeningportion

F

of the blade 4. The abutting surface referred in here refers

a surface on which the inner wall surface of the blade and an

outer wall surface of the tip receptor come 1nto close contact

with each other. The abutting surface regulates a movement
of the blade tip opening portion to the outside (left side 1in

the view) by the inner wall surface of the tip opening portion

of the blade 4 and suppresses scattering of the tip receptor

9

e

"rom the blade 4. That is, 1t has a structure in which the

tip receptor isnot pulled out fromthe blade tip openingportion
as long as a cross section of the blade 1s not opened.
Furthermore, adhesive 26 is applied between the abutting

——

surface of the blade inner portion 9b of the tip receptor 9

and the inner wall surface of the tip opening portion of the

blade 4. The adhesive 26 1s provided to reliably fix the blade

inner portion 9b of the tip receptor 9 to the inner wall surtface

of the tip opening portion of the blade 4. An adhering surface

has an area of substantially a half of a tip receptor plane

and 1t 1s preferable that the adhering surface 1s fixed by an

adhesion force towithstand sufficiently the centrifugal force

applied tothe tip receptor. It ispreferable that the additive

material referred i1in here 1s epoxy resin adhesive using the
same epoxy resin as the resin configuring FRP, but other
adhesives having a similar adhesion force may be used.

The 1inner wall surface of the tip opening portion of the
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blade 4 and the surface of the blade 1nner portion 9b of the

tip receptor 9 may also have a roughness which can generate

a frictional force between the blade and the tip receptor. That

1s, the surface of the blade 1nner portion 9b 1s roughened more

than the surface of theblade outer portion 9a of the tip receptor

F

9, the inner wall surface of the tip opening portion of the

blade 4 is roughened more than the inner wall surface of the

blade of other portions, or both the surface of the blade 1nner

portion 9b and the inner wall surface of the tip cpening portion

of the blade 4 are roughened more than the surface of the blade

outer portion 9a or the inner wall surface of the blade of other
portions. Thus, a binding force of the blade with respect to

the tip receptor is improved. As a result, the force which

separates the surface on which the tip receptor 1s adhered to

thebladebythecentrifugal forceisweakened, andit 1spossible

to effectively suppress detachment ot the tip receptor.

Then, 1n the example, the tip portion of the blade 4 and

the blade i1nner portion 9b of the tip receptor 9 are fastened

together by using the fastening unit 20.

As 1llustrated in Fig. 5, the fastening unit 20 1is

configured of a tubular through bolt seat 20a and a bolt 20b
that 1s i1nserted i1nto the through bolt seat 20a. The bolt 20b

1s longer than the through bolt seat 20a and the through bolt

seat 20a 1s also referred to as a tubular washer. Such a

configuration 1s provided so as not to retain heat within the
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fastening unit by increasing the volume of the fastening unit

20. Since 1t 1s possible to increase the heat capacity by
increasing the volume of the fasteningunit 20, 1f the lightning

strikes the fastening unit 20, it is possible to suppress a

rapid i1ncrease 1n temperature on the inside of the fastening
unit. In addition, as described below, if the fastening unit
20 1smadeofaluminum, sincealuminumhasexcellent conductivity,
1t 1s possible to reduce heating on the inside by a current
due to the lightning strike. Furthermore, since aluminum is

also excellent 1n thermal conductivity, it 1s also possible

to quickly disperse heat that 1s transferred to the inside of

the fastening unit due to the lightning strike or heat that

18 generated on the inside of the fastening unit.

If the fastening unit is configured only by the bolt,

1t 1s necessary to increase an outer diameter of the bolt, but

1t takes cost to form such a large bolt. Then, in the example,

a large diameter of the fastening unit 20 and a small diameter

of the bolt 20b are realized by configuring the fastening unit

20withthe throughbolt seat 20aandthebolt 20b. The fastening

unit can be applied to applications other than the wind turbine

blade of the invention and it is possible to expect a suppressing

effect of talling of the head portion of the bolt due to the

lightning strike to the head portion of the bolt.
In the example, for example, the outer diameter of the

through bolt seat 20a 1s 30 mm and the diameter of the bolt
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20b is approximately 10 mm. Moreover, in the i1nvention, since

the fastening unit 20 1s an auxiliary fixing unit of the tip

receptor, there is no problem even 1f the bolt 20b has a small

diameter different from using the bolt as a main fixing unit

of the tip receptor as described in WO 2013/084634 Al.

The fastening unit 20 may be used to fi1x the blade 4 and

the tip receptor. In addition, the fasteningunit 20 may cause

corrosion 1f the fastening unit 20 1s a type different from

the tip receptor. Thus, it is preferable that the fastening

unit 20 1s formed by the same material as the tip receptor.

If the tip receptor is configured of an aluminum material, it

is conceivable that an outside coming into contact with the

tip receptor isconfiguredof the aluminummaterial and an inside

is configured of a stainless steel material. If the fastening
unit 20 is configured of the through bolt seat 20a and the bolt
20b, 1t 1s conceivable that an entirety of the through bolt

seat 20a 1s configured of aluminum, a core of the bolt Z0b 1s

configuredof thestainlesssteelmaterial, andthecorematerial

18 covered by aluminum. According to the configuration, 1t

is possible to realize a light fastening unit 20 having high

strength, to reduce the centrifugal force of the fastening unit

20 when the blade 1s rotated, to reduce a load to the blade,

and to reduce a risk of deterioration of the fastening unit

20.

In addition, a head portion of the through bolt seat 20a
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1s formed 1n a dish shape and the head portion of the bolt 20b

1s also formed 1n the dish shape. A dish-shaped counterbore

P

1s formed so that an inner wall portion of the head portion

of the through bolt seat 20a comes into close contact with the

head portion of the bolt 20b. It is possible to configure the
head portion of the bolt 20b to be not protrude to the outside

and to expect that the lightning prevents the head portion of

the bolt from striking by configuring the fastening unit 20
as described above. Then, the head portion of the bolt can
come into close contact with the through bolt seat on a wide

contact surface by the dish-shaped head portion of the bolt

20b and the dish-shaped counterbore surface of the through bolt

seat 20a. Thus, even 1f the 11ightning strikes the head portion
of thebolt, 1t 1s possible to transfer heat due to the 1lightning

strike tothe throughbolt seat 20a via the wide contact surface.

Thus, 1t 1s possible to effectively suppress separation of the
head of the bolt. Similarly, a counterbore is formed on one

surface 4a of the blade 4 so as to come into close contact with

the head portion of the through bolt seat 20a. A hole into

which a straight portion of the throughbolt seat 20a is inserted
and a female thread portion screwing with a screw portion of
the bolt 20b are formed 1n the blade inner portion Sb of the
tip receptor 9. The inner wall portion of the head portion
of the through bolt seat 20a or the counterbore formed in the

blade 4 1s the dish shape, but may be tubular and is not limited
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to the dish shape. However, it 1s preferable to be formed in

p— pr—

the dish shape 1in terms of improvement of close contact with

the head portion of the bolt and the like, or the i1ncrease 1n

thecontactarea. Inaddition, theheadportionotthefastening
unit 20 (through bolt seat 20a) comes into close contact with

the surface of the blade and, as a result, the load to the blade

1s reduced and 1t i1s possible to suppress deterioration of the

blade.

In the example 1llustrated in Fig. 4, the fastening unit

20 1s mounted on the one surface 4a of the blade 4, but the

fastening unit 20 may be mounted on the other surface 4b, or

the fastening units 20 may be mounted on both the one surface

4a and the other surface 4b. In a case where the fastening
units 20 are provided on both sides, abnormality occurs in the

additive material of the blade and the tip receptor, and even

1f the upper surface and the lower surface are deviated, the

blade and the tip receptor are reliably fixed by the both

fasteningunits and it 1s possible toeffectively suppress that

the tip receptor 9 i1s removed from the tip opening portion of
the blade 4.
In addition, a position of the fastening unit 20 1s not

an end portion that 1s an edge of the blade or the tip receptor,

but 1sprovidedonaninside thereof. Thisisbecausea fastening

force of the fastening unit 20 with respect to a member to be

fastened acts on the blade or the tip receptor and there is
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a risk of damage such as cracks to the blade or the tip receptor.

AsillustratedinFig. 6, thein-blade lightningconductor

24 that 1s a part of the internal conductor 1s fastened the
blade inner portion 9b of the tip receptor 9 by a bolt 21. A

terminal 22 1is mounted on the i1n-blade lightning conductor 24

and the terminal 22 1s fixed to the blade i1nner portion 9b of
the tip receptor 9 by using the bolt 21. In the example, a
conductor made of aluminum 1s used as the internal conductor.
Although aluminum has electric conductivity lower than that

of copper, aluminum 1s a structural lightweight material that

I

is also used for a main structural material. Thus, even 1if
aluminum has a large diameter 1n order to ensure the same
conductivity as copper, since aluminum is a light material,
a weight of the wind turbine blade is not increased. Rather
coupled with the large diameter, 1t 1s possible to make the

internal conductor having the strength sufficiently withstand

the centrifugal force acting on the tip receptor 9 that 1s the
solid receptor. In the example, the 1n-blade lightning
conductor Z4 that istheinternal conductorisintegrally formed,
butmaybe twoportions. Itilisalsopossibletoeasilycorrespond

lightning of which a current duration time is long and a charge

amount 1s great, and to effectively suppress scattering of the

tlp receptor 9 by the internal conductor by making the in-blade

lightning conductor 14 be two portions.

After the tip receptor 9 1s mounted on the tip opening
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portion of the blade 4 by the fastening unit 20, as illustrated

inFig. 7, it ispreferable that the headportionof the fastening

unit 20 (the through bolt seat 20a) 1s removed and polished,

pr—

the head portion of the fastening unit 20 does not protrude

from the surface of the blade, and then the surface of the blade

tip portion is smoothly formed. Thus, 1t 1s possible to expect

that the lightning directly striking the fastening unit 1s

reduced without disturbing a flow of air in the blade tip. It

1s possible to expect efficlency i1mprovement or a noise

prevention effect of the wind turbine by suppressing the flow

of alr 1n the blade tip. Moreover, whenmounting the fastening
unit 20 on the blade, the counterbore of the through bolt seat

20a or the head portion of the bolt 20b 1s configured such that

the head portion of the bolt 20b does not protrude to the outside

more than the blade surface. Thus, the head portion of the

bolt 20bcannot be removedandit ispossible toprevent reduction

of the strength of the head portion of thebolt. Inthis regard,
1t 1s preferable that it is applied equally to the following
examples.

Fig. 8 1llustrates another example employing the solid

receptor. In the example, a fastening unit 200 1s configured

of a through bolt seat 200a, a bolt 200b, and a nut 200c. A

fastening force 1s added by the fastening unit 200 from both
one surface 4a and the other surface 4b to a blade 1nner portion

9b of a tip receptor 9 and a blade tip portion. The nut 200c
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1s configuredasa capnut andintowhichthebolt 200b 1s screwed.

A head portion (portion coming into contact with the blade tip)

of the nut 200c 1s also formed in the dish shape similar to
the through bolt seat 200a and a dish-shaped counterbore 1is

formed in the blade tip.

In the example, the through bolt seat 200a, the bolt 2000b

(core 1s configured of stainless steel material 1f necessary),

and the nut 200c are configured of aluminum. The through bolt
seat 200a, the bolt 200b, and the nut 200c are connected, and
thereby spark 1s not generated between the through bolt seat

200a, the bolt 200b, and the nut 200c.

Moreover, 1n the example described above, the fastening

unit applies the fastening force from both sides in the blade

tip to the blade inner portion 9b of the tip receptor 9 and

the blade tip portion by using the nut 200c. However, a female
screw through which the bolt 200b 1s screwed may be formed in

the blade tip portion ¢on a side opposite to a side on which

the blade i1nner portion 9b of the tip receptor 9, the through
bolt seat Z200a, and the bolt 200b come into contact with each

other by omitting the nut 200c.

In the example, 1t 1s possible to expect the following
effects by configuring receptor as the solilid receptor as
described above. That is, 1t 1s possible to make receptor to
be a light weight by configuring receptor with aluminum. Thus,

1t 1s possible to configure the solid receptor to be a receptor
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of a great volume (for example, approximately 300 cc) so as
to also withstand lightning of, for example, a level of 1,500

Coulombs. That 1s, 1t 1s possible to 1ncrease 1n the heat

capacity by configuring the receptor to be a great the volume.

Thus, 1t 1spossibletosuppressarapidincreaseinatemperature

on the inside of the receptor due to the lightning strike. In
addition, since aluminum configuring the receptor 1s also
excellent inconductivity, 1tispossibletoalsoreduceinternal
heatingby the current due tothe lightningstrike. Furthermore,
since aluminum configuring the receptor 1s also excellent in
the thermal conductivity, 1t 1s possible to quickly disperse
heat transferred to the inside of the receptor due to the

lightning strike or heat generatedonthe inside of the receptor.

Thus, 1t 1spossible toconfigure the receptor alsowithstanding

the lightningstrike of the level of, forexample, 1,500 Coulombs.
Then, 1t 1s possible to hold the tip receptor in the blade tip
opening portion without scattering of the tTip receptor even
when receiving the lightning strike by configuring the tip
receptor as the solid receptor and employing a fixing method

of the tip receptor of the invention. Then, 1t 1s possible

to guide the current due to the lightning strike without fault

and, for example, 1t 1s possible to realize a lightning device
of the blade alsowithstanding the lightning strike of the level

of, for example, 1,500 Coulombs by using an aluminum conductor

having a large diameter (approximately ¢ 18 mm) as the internal
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conductor.

As described above, as measures of lightning having large

energy, 1t 1s particularly preferable that the solid receptor

is employed. However, the principle of the invention can be

applied to a hollow receptor. Examples in which the invention
1s applied to the hollow receptor are 1llustrated in Figs. 9

to 11.

The example 1s the same as the examples 1llustrated 1n
F'igs. 4 and © except'that a hollow tip receptor 9" (blade outer
portion 9a’ and a blade inner portion 9b’) is used and two types

i

of a fastening unit 20’ and a fastening unit 20’’’ are used as

a fastening unit. The description of the same configuration

N

will be omitted. The fastening units 20’ and 20’7’ are

respectively configured of a through bolt seat 20a’ and a bolt

20b’, and a through bolt seat 20a’’ and a bolt 20b"”". 1In the

example, the fastening unit 20’ 1s mounted on a surface 4a side

b

of the blade 4 and the fasteningunit 20"’ i1smounted on a surface

4 side of the blade 4. Both the fastening unit 20’ and the

fastening unit 20’7’ are provided so as to pass through the blade

and the tip receptor. Then, the bolt 20b’ of the faétening

unit 20" and a tip of the pbolt 20b’7 of the fastening unit 2077
are configured to be screwed together. Also 1n the example,
1t 1s possilible to effectively suppress scattering of the tip
receptor from the blade tip opening portion by simultaneously

using the fastening unit that 1s the auxiliary fixing unit of
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the tip receptor and the locking structure. Moreover, 1in the
example, the fasteningunits 20’ and 20’’ pass through the blade
from both sides 1n the thickness direction of the blade, the
bolts 20b’ and 20b" " of the fastening units 20’ and 20"’ are
connected, and thereby spark 1s not generated.

In the examples 1llustrated 1n Figs. 9 and 10, the blade

inner portion 9b’ of the hollow tip receptor 9’ 1s formed 1n
a plate shape, and the fastening units 20’ and 20’ do not come

into contact with the blade 1nner portion 9b’ except a part

thereof in a length direction. Thus, the fastening units 20’

and 20’’ cannot disperse and hold the centrifu-gal force acting
on the tip receptor 9. It 1s preferable that a portion ot
the blade inner portion of the tip receptor, on which the
fasteningunit ismounted, isconfiguredinablockshapewithout
making the portion be a plate shape so as to substantially cover

an entirety thereocf 1n the longitudinal direction of the

fastening unit. Thus, 1t is possible to disperse and hold the
centrifugal force acting on the tip receptor 9’ 1n the fastening

unit.

The configuration 1s 1llustrated in Fig. 11. As
1llustrated 1in Fig. 11, a part 9c¢’’ of a blade inner portion

9v’’ of a hollow tip receptor 9’’ is formed 1n a block shape

sOo as to substantially cover an entlrety the fastening unit

20 1n the length direction thereof and the fastening unit 20

1s mounted on the portion of the block shape. A contact length
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of the fastening unit 20 {(through bolt seat Z20a) and the blade

inner portion 9b’’ of the tip receptor 97’ 1s 1ncreased by such

a configuration and it 1s possible to disperse and hold the

centrifugal forceactingonthetipreceptor 9’ by the fastening
unit 20. Thus, the centrifugal force applied to the locking

structure or the adhesive 26 1is reduced and it is possible to

expect that deterioration thereof is effectively suppressed.

Fig. 12 1llustrates a schematic view of a state where

one surface 4a of the blade 4 1s removed. In Fig. 12,

F
p—

1l1lustration of the adhesive on the blade inner portion 9b of

the tip receptor 9 is omitted and the head portion of the bolt

1s additionallydescribed soas toeasily recognize theposition
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