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(57) Abréegée/Abstract:

A wind turbine blade Includes a laminated structure having an outer shell (1) having a shape of the blade, an upwind-side
reinforcing section (4a) which reinforces a upwind-side part of the blade In the outer shell 1 and a downwind-side reinforcing
section 4b which reinforces a downwind-side part of the blade in the outer shell 1. The outer shell 1 includes a first multidirectional
material, a first unidirectional reinforcing material 12 and another multidirectional material 11 which are layered. The upwind-side
reinforcing section 4a includes another unidirectional reinforcing material 12 provided between the first unidirectional reinforcing
material 12 and another multidirectional material 11. The downwind-side reinforcing section 4b includes yet another unidirectional
reinforcing material provided between the unidirectional reinforcing material 12 and the multidirectional material 11. The outer shell
1 Includes a first core member 13 respectively provided between the upwind-side reinforcing section 4a and the downwind-side
reinforcing section 4b on a leading edge side, and between the upwind-side reinforcing section 4a and the downwind-side
reinforcing section 4b on a trailing edge side.
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ABSTRACT

A wind turbine blade includes a laminated structure having

g

an outer shell (1) having a shape of the blade, an upwind-

side reinforcing section (4a) which reinforces a upwind-side

p—

part of the blade in the outer shell 1 and a downwind-side

reinforcing section 4b which reinforces a downwind-side part

r—
—

of the blade in the outer shell 1. The outer shell 1 includes

a first multidirectional material, a first unidirectional

reinforcing material 12 and another multidirectional material

11 which are layered. The upwind-side reinforcing section 4a

includes another unidirectional reinforcing material 12

provided  between the first unidirectional reinforcing

material 12 and another multidirectional material 11. The

downwind-side reinforcing section 4b includes vyet another

unidirectional reinforcing material provided between the

unidirectional reinforcing material 12 and the

multidirectional material 11. The outer shell 1 1ncludes a

first core member 13 respectively provided Dbetween the

upwind-side reinforcing section 4a and the downwind-side

reinforcing section 4b on a leading edge side, and between

the upwind-side reinforcing section 4a and the downwind-side

reinforcing section 4b on a trailing edge side.
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TITLE OF THE INVENTION

WIND TURBIN.

LA

SAM!

L]

BLADE AND WIND TURBIN!

[T
G2
]
Z,

ERATOR USING TH.

1]

BACKGROUND OF THE INVENTION
Field of the Invention
[0001]
The present invention relates to a wind turbine blade

and a wind turbine generator using the wind turbine blade.

Description of the Related Art

[0002]

The wind turbine blade for a wind turbine generator 1s

desired to be 1lightweight, highly reliable and easy to

phr—
P

manufacture for saving production time thereof. In view oOf

making the wind turbine blade lightweight, the wind turbine

blade 1is configured to have a laminated structure of

composite materials. FIG.1A is a sectional view schematically

illustrating a structure of a wind turbine blade. The blade

100 comprises an outer shell 101 having a basic laminated

structure, a leading edge reinforcing section 103 having a

reinforced laminated structure, a trailing edge reinforcing

section 105 (105a, 105b), a upwind-side reinforcing section

104a, a downwind-side reinforcing section 104b and a beam

member 102. The leading edge reinforcing section 103, the

trailing edge reintorcing section 105, the upwind-side

reinforcing section 104a and the downwind-side reinforcing

section 104b are arranged regpectively 1n a leadling part, a
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I

trailing part, a upwind-side part and a downwind-sgside part oOr
the wind turbine blade 100.

(0003 ]

To provide a wind turbine blade reduced in weight and

P

still capable of maintaining the bending rigidity required

for the wind turbine blade 100, the blade 1s constructed such

that unidirectional reinforcing material of fiber-reinforced

plastic 1s arranged in a location far from a flexural center

X. The unidirectional reinforcing material 1s also referred

to as UD material or 0° material. Thus, often used 1is the

structure wherein UD material 1s intensively laminated 1n a

pr—

center of the upwind-side and the downwind-side (the upwind-

side reinforcing section 104a and the downwind-side

reinforcing section 104b) and the leading edge part and

trailing edge part (the leading edge reinforcing section 103

and the trailing edge reinforcing section 105a, 105b). The

pr—

the blade 100 can

outer shell covering the entire surface o

be made of bias materials having plural layers of fiber-

reinforced plastic ( £ 45° material or multi-directional

material) . In the outer ghell 101, the part 1in which UD

material 1is not laminated (the parts other than the leading

edge reinforcing section 103, the trailing edge reinforcing

section 105a, 105b, the upwind-side reinforcing section 104a

and the downwind-side reinforcing section 104b) has a

structure guch as a sandwich structure wherein, for 1i1nstance,

a core material 1is interposed between plural layers of bias

materials.
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10004 ]

FIG.1B 1s a pattern diagram illustrating the laminated

structure of FIG.1A 1n detailed. In FIG.1B, a solid line

indicates a bias material ( £45° material) 111, a dotted line

indicates UD material (0° material) 112 and a trapezoid

(rectangular) indicates a core material 113.

As the outer shell 101, n layers of £ 45° material are

provided on its outer side and m layers of *45° material are

AR r7

n and “Y‘m” are both natural

provided on 1ts 1nner side.

numbers. And 1n each part of the wind turbine blade 100, the

following layers are provided between the n layers of = 45°

material and the m layers of £ 45° material. Specifically, p

P e

layers of 0° material are provided between the n layers of =

F

45° material and the m layers of *£45° material in the leading

edge reinforcing section 103; g layers of 0° material are

provided between the n layers of =X 45° material and the m

layers of =+ 45° material in the upwind-side reinforcing

section 104a/the downwind-side reinforcing section 104b; <

layers of 0° material are provided between the n layers of =L

45° material and the m layers of £ 45° material in the

AR 7 \\ r7 A\ 7

trailing edge reinforcing section 105a/105b. p”, Yg” and “r
are all natural numbers. In this case, the i1nequality of g >>
q, ¥ exlsts. For the remaining part, a single layer of core
material 13 1s provided. Further, the trailing tip (most

outer edge) may be covered solely by the outer shell 101
(including the core material 113).

[10005]
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As shown 1in FIG.2, 0° material (UD material) 1s a

material whose resin 1s arranged 0° with respect to a

p—

longitudinal direction of the wind turbine Dblade. In the

material, resin 1s penetrated. The material may be fiber-

reinforced plastic whose fibers are laminated 0° with respect

pr—

the longitudinal direction of the blade. Also shown 1in FIG.Z2

is +=45° material. The T 45° material may be a material whose

r—
e

ferent dilirections

fibers are laminated one atop another 1n di:

gp—
b

+45° and -45° with respect to the longitudinal direction of

the wind turbine blade. In the material, resin 1s penetrated.

The material may be fiber-reinforced plastic whose fibers are

arranged =+ 45° with respect to the longitudinal direction of

the blade. The fiber 1s, for instance, carbon fiber, glass

fiber and so on.

[0006]

In the case described above, the leading edge

reinforcing section 103 has the laminated structure having (=L

45%), /(0% )y /(*£45%),; in this order from the outer side to the

inner side. The upwind-silide reinforcing section 104a and the

downwind-side reinforcing section 104b has the laminated

structure having (245%), /(0° )gs /(XZ45°), in this order from

the outer si1de to the 1nner side. The trailing edge

reinforcing section 105a/105Db has the lamilnated structure

having (=X 45%), /(0° ), /(X 45°), in this order from the outer

side to the 1nner side. The rest has the laminated structure

having (=X 45%), / core material /(3 45°), in this order from

the outer side to the inner sgide. Y“Yt45°” and “0°” indicate =
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r7 N\ r7

n , m!! , \\p .

W\

45° material and 0° material respectively and

“gq” and “r” respective indicate the number of layers.

[0007]

JP2006-118434A discloses a production method of a
lightweight wind turbine blade. The wind turbine blade 1s
used for a vertical axis wind turbine generator. The wind

turbine blade i1s configured such that a first half divided

blade and a second half divided blade including wind turbine

blade surface layers is laminated and formed by impregnating

y—
p—

predetermined fiber material wlith resin material for

lamination mixed with curing agent to form a predetermined

space in a wind mill. Next, a blade support layer supporting

in a thickness direction in the blade 1s laminated and formed

on circumference surface of an elastic cylindrical member by

impregnating a predetermined fiber member with resin material.
Then, the cylindrical member 1s arranged at a predetermined

position 1in a blade longitudinal direction 1in the Dblade to

press an 1in-blade support layer against the first halt

gr—

divided blade and the second half divided blade respectively

by elastic force in the blade to form the 1n-blade support

layer as one unit with the first half divided blade and the

second half divided blade and the first half divided blade

F

and the second half divided blade are coupled and are left as

P

they are for a predetermined period of time. By this, a wind

turbine blade 1s formed by i1integration of all of the first

r‘

half divided blade, the second half divided blade and the 1in-

r—

blade support layer by curing action of curing agent.
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[0008]

JP6-66244A discloses a wind turbine blade. The wind

turbine blade has a main girder arranged 1in a longitudilnal

#

direction of an outer shell to enhance the strength. In the

wind turbine blade, plural layers of unidirectional roving

cloth are stacked one atop another along the longitudinal

ﬁ

direction of the main girder, and normal glass cloth and a

plr—

glass mat are stacked over the stack of layers of roving

cloth into the shape of a bondage using the tape winding

method.

D ART DOCUMENTS]

L4]

' RELAT:

[PATENT DOCUMENTS ]

[10009]

[PATENT DOCUMENT 1] JP2006-118434A

[PATENT DOCUMENT 2] JP6-66244A

SUMMARY OF THE INVENTION

SOLV

L

L1l

[ OBJECT TO B D]

[0010]

In the laminated structure 1llustrated 1in FIG.1A and

FIG.1B, the UD material 112 needs to be laminated on the

leading edge part (the leading edge reinforcing section 103)

and the trailing edge part (the trailing edge reinforcing

section 105) as well as the upwind side part (the upwind-side

reinforcing section 104a) and the downwind-side part (the

downwind-side reinforcing section 104Db). There are many
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places where the UD material 112 needs to be laminated, which

takes time and thus, the time for manufacturing 1is long.

Further, the places near the blade root have an almost

-

cylindrical shape as shown in FIG.3. Thus, when laminating

the UD material on the leading edge part (the leading edge

reinforcing section 103) and the trailing edge part (the

trailing edge reinforcing section 105), the UD material needs

ro be adhered on surfaces that are almost vertical. ASs a

result, the UD material tends to droop down and 1t becomes

difficult to manufacture the blade.

[0011]

— —
—

In view of the above issues, 1t 1s an object of the

present invention to provide a wind turbine blade and a wind

turbine generator using the wind turbine blade, which achieve

gr—

a shorter manufacturing time and ease of the manufacturing.

Another object of the present invention is to provide a wind

turbine blade and a wind turbine generator using the wind

turbine blade, which achieve a shorter manufacturing time and

g—
—

case of the manufacturing while preventing the weilght

increase of the blade.

ISSUL

L4]

L4l
p.
—_l

[MEANS TO SOLVE TH.

[0012]

Means to solve the 1issues are explained herelnafter

using reference numbers and codes used 1n modes for carrying

out the invention. The reference numbers and codes are shown

in parentheses to explain correspondence relationships

P
aaad

between the description in the scope o©of the claims and
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preferred embodiments of the present invention. However, the

reference numbers and codes used here should not be used to

understand the scope of the claims.

[0013]
A wind turbine blade of one aspect of the present
invention hag a laminated structure. The laminated gstructure

may include, but is not limited to, an outer shell (1) having

b

a shape of the blade, an upwind-side reinforcing section (4a)

—

which reinforces a upwind-side part of the blade in the outer

shell (1) and a downwind-side reinforcing section (4b) which

reinforces a downwind-side part of the blade 1n the outer

shell (1). The outer shell (1) may include, but 1s not

limited to, a first multidirectional material (11:(345%),), a

first unidirectional reinforcing material (12:(0%)y) and a

second multidirectional material (11:( X 45%),). The upwind-

side reinforcing section (4a) may include, but 1s not limited

to, a second unidirectional reinforcing material (12:(0%)o)

provided between the first unidirectional reinforcing

material (12:(0°%)y) and the second multidirectional material

(11: (*£45°), . The downwind-side reinforcing section (4b) may
include, but 1s not 1limited to, a third unidirectional
reinforcing material (12:(0°%)y) provided between the first

unidirectional reinforcing material (12:(0%)y) and the second

multidirectional material (11:( = 45%),) . The outer shell (1)

may include, but is not limited to, a first core member (13)

regspectively provided between the upwind-side reinforcing

section (4a) and the downwind-side reinforcing section (4Db)
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reinforcing section

(4a)

side,

and the downwind-side reinforcing

and between the upwind-side

section (4b) on a trailing edge side.

(10014 ]

g

According to the aspect of the present 1nvention, the

bending rigidity required

for the Dblade 1s achieved by

laminating the unidirectional reinforcing material (12:(0%)y)

on the outer ghell

(1) ot

the entire blade gsurface and

providing the upwind-side reinforcing section (4a) and the

downwind-side reintforcing

necessary to provide

trailing edge part

unidirectional rein:

ﬁ

| —

O

the manufacturing
laminating process

conventional case.

reln:

section (4b). Thus, 1t 1s not

in the 1leading edge part and the

forcing sections reinforced by the

"orcing material. As a result, the number

- places where the U

Process

can be

D material 1s provided can be reduced 1n

and also the time for the

shortened 1n comparison to the

As a UD material for the leading edge part

and the trailing edge part 1is not provided 1n the blade, 1t

18 possible to solve

the 1ssue that the manufacturing 1s

—

difficult near the blade root where the shape of the blade 1is

almost cylindrical,

down .

The weight decrease

reinforcing material

trailing edge part,

which causes the UD material to droop

from skipping the unidirectional

1in the leading edge part and the

can counteract the weight 1ncrease from

using the unidirectional reinforcing material (12:(0%)y) 1n

the outer shell (1)

O

4

——

the entire blade surface. As a result,



10

15

20

29

CA 02738123 2011-04-19

the required rigidity of the blade can be obtained while

gr—
s

maintaining the lightweight of the blade Dby suppressing the

pr——

welght increase of the whole wind turbine blade.

10015]

In the wind turbine blade, a trailing edge reinforcing

g

section (5a) that reinforces a trailing edge part of the

blade in the outer shell (1) 1is also provided. The trailing

edge reinforcing section (5a) may include, but 1s not limited

to, a fourth unidirectional reinforcing material (12:(07)g)

arranged  between  the first unidirectional reinforcing
material (12:(0° y) and the second multidirectional material

(11: ( *+ 45°),) . The outer shell (1) may include, but 1s not

limited to, the first core member (13) respectively provided

between the upwind-side reinforcing section (4a) and the

downwind-side reinforcing section (4b) on the leading edge

side, between the upwind-side reinforcing section (4a) and

the trailing edge reinforcing section (5a), and between the

downwind-side reinforcing section (4b) and the trailing edge

reinforcing section (5b).

The bending rigidity required for the blade 1s achieved

by providing the trailing edge reinforcing sections (5a, b5Db)

as well. Thus, it 1s not necessary to provide the reinforcing

sections using the unidirectional reinforcing material 1in the

—

leading edge part. As a result, the number of places where

the UD material 1s ©provided can be reduced 1n the

manufacturing process and also the time for the laminating

process can be shortened 1n comparison to the conventional
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case. As a UD material for the leading edge part 1s not

provided in the blade, it is possible to solve the 1ssue that

the manufacturing is difficult near the blade root where the

—
—

shape of the blade is almost cylindrical, which causes the UD

material to droop down.

The weight decrease from not using the unidirectional

reinforcing material in the leading edge part, can counteract

the weight increase from using the unidirectional relnforcing

material 1in the outer sghell (1) of the entire blade surface

(although not as much as the case of not having the trailing

edge reinforcing sections 5a, 5b). As a result, the required

p—

rigidity of the blade can be obtained while maintaining the

—

lightweight of the blade by suppressing the weilght 1increase

of the whole wind turbine blade.

[0016]

In the wind turbine blade, the outer shell (1) may also

—
i,

fifth unidirectional

include, but 1s not limited to, a

reinforcing material (12:(0%)n) . The fifth wunidirectional

reinforcing material (12:(0°)y) 1is provided on an 1inner side

of the second multidirectional material (11:(*X£45°%),) so as to

be layered on the second multidirectional material (11:( =

45°) ) .

The unidirectional reinforcing material (12:(0%)y) 1is added

on the outer shell (1) of the entire blade surface and thus,

the bending rigidity can be enhanced.

[0017]

In the wind turbine blade, the blade has the laminated

— ll —
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P

structure from a root of the blade to vicinity of a maximum

chord location at which a chord 1s maximum (S1) and has other

laminated structure from the maximum chord location to a tip

of the blade (8S2).

By having the above described laminated structure (1n

p—— p—

S1) from the root of the blade to the wvicinity of the maximum

chord location at which a chord i1s maximum and skipping the

UD material for the 1leading edge part alone or for the

leading edge part and the trailing edge part, 1t 1s possible

to solve the i1issue that the manufacturing 1s difficult near

the blade zroot where the shape o©of the Dblade 1s almost

cylindrical, which causes the UD material to droop down. As a

result, the time for the laminating process can be shortened.

10018]

In the above wind turbine blade, the laminated gstructure

g

(in S2) from the maximum chord location to the tip of the

blade may 1nclude, but 1s not limited to other outer shell

(101) having a shape of the Dblade, other upwind-side

reinforcing section (104a) which reinforces the upwind-side

part of the blade 1in said other outer shell, other downwind-

side reinforcing section (104Db) which reinforces the

r—

downwind-side part of the blade 1n the outer shell (101),

other leading edge reinforcing section (103) which reinforces

#

the leading edge part of the blade 1in the outer shell (101)

and other trailing edge reinforcing section (105) which

gp—

reinforces the trailing edge part of the blade 1n the outer

shell (101). The outer shell (101) may include, but 1s not
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limited to, the first multidirectional material (111:(X45°)y)

and the second multidirectional material (111: (% 45%),) which

are lavered. The upwind-side reinforcing section (104a) may

include, but 1is not limited to, a sixth unidirectional

reinforcing material (112:(0%)4) provided between the first

multidirectional material (111:( == 45°),) and the second

|+

multidirectional material (111:( 45°) ) . The downwind-gside

reinforcing section (104b) may include, but 1s not limited to,

a seventh unidirectional reinforcing material (112:(0%)q)

provided between the first multidirectional material (111: (=

45°) ) and the second multidirectional material (111:(X45%).) .

The leading edge reinforcing section (103) may 1include, but

is not limited to, a eighth unidirectional reinforcing
(111:(07) ) material provided between the first
multidirectional material (111:( &= 45°9),) and the second
multidirectional material (111:( = 45°),) . The trailing edge

reinforcing section may 1nclude, but 18 not limited to, a

ninth unidirectional reinforcing material (111:(0°%),) between

the first multidirectional (111:( £ 45°),) and the second

multidirectional material (111:( & 45°)). The outer shell

(101) may 1include, but 1s not limited to, a second core

member (113) resgspectively provided between the upwind-side

reinforcing section (104a) and the leading edge reilntorcing

section (103), between the upwind-side reinforcing section

(104a) and the trailing edge reinforcing section (105),

between the downwind-side reinforcing section (104b) and the

leading edge reinforcing section (103), and between the
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downwind-gide reinforcing section (104b) and the trailing

edge reinforcing section (105).

o

The bending rigidity of the blade can be attained by

ﬁ

providing, from the maximum chord location to the tip of the

blade (in S2), the downwind-side reinforcing section (104Db),

the leading edge reinforcing section (103) and the trailing

edge reinforcing section (105) wilithout using the
unidirectional reinforcing material in the outer shell (101)
of the entire blade surface. 2As a result, the wind turbine

blade can be lighter in comparison to the case of lamilnating

the unidirectional reinforcing material on the entire Dblade

surface.

[0019]

gr—
P—

Another aspect of the present invention 1s a wind

turbine generator having a rotor head supported rotatably
with respect to a nacelle and a wind turbine blade which 1s
mounted on a rotor head. A wind turbine rotor 1s constituted
of the rotor head and the wind turbine blade and the turbine

p—

rotor 1s rotated by a wind force and rotation energy of the

turbine rotor is converted to power generation energy. As the

wind turbine blade has the above-mentioned technical features,

it 1s possible to achieve the high bending rigidity and the

shorter manufacturing time and the ease of the manufacturing

as described before.

[EFFECTS OF THE INVENTION]

10020]

According to the present 1invention, 1t 18 possilible to
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provide a wind turbine blade and a wind turbine generator

using the wind turbine blade that achieve a shorter

rﬂ

manufacturing time and ease of the manufacturing. It is also

possible to provide a wind turbine blade and a wind turbine

generator using the wind turbine blade that achieve a shorter

manufacturing time and ease of the manufacturing while

preventing the weight increase of the blade.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

[FIG.1A] A sectional view schematically showing a structure

pre—e

of a wind turbine blade.

[FIG.1B] A schematic view showing a lamlnated structure or

FI1G. 1A.

[FIG.2] A schematic view showing 0° material and = 45°

material of the laminated structure of FIG.1B.

P

[FIG.3] A schematic view showing a root of a wind turbine

blade.

[FIG.4A] A schematic view showing a structure of a wind

r—
h—

turbine blade in relation to a first preferred embodiment of

the present 1nvention.

[FIG.4B] A schematic view showing a laminated structure of

FI1G.4A.

[FIG.5A] A sectional view schematically showing a structure

of a wind turbine blade in relation to a second preferred

p—

embodiment of the present 1nvention.

A

[FIG.5B] A schematic view showing a laminated structure o
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FIG.5A.

[FIG.6] A sectional view schematically showing a structure

of a wind turbine blade in relation to a third preferred

P

embodiment of the present invention.

P

[FIG.7] A side-view showing a structure of a wind turbine

generator which uses the wind turbine blade of the preferred

embodiments of the present 1nvention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0022]

he present invention willl now

1)

Preferred embodiments O:

be described in detail with reference to the accompanying

drawings. It 1is intended, however, that unless particularly

specified, dimensions, materials, shape, 1ts relative

positions and the like shall be interpreted as i1llustrative

g

only and not limitative of the scope of the present invention.

In the preferred embodiments, components which are not

vl

relevant to a laminated structure of a wind turbine blade,

such as a girder are already know and thus will not be

explalined further.

(0023 ]

P
P

FIG.7 1s a side-view showing a structure of a wilnd

e
—

turbine generator 1 which uses the wind turbine Dblade of

g

preferred embodiments of the present invention. The wind

turbine generator 1 includes a support 2 standing upright

P

from a base 6, a nacelle 3 mounted on the top of the base 2,

a rotor head mounted rotatably with respect to the nacelle 3
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and blades 5 mounted on the rotor head 4. The rotor head and

the bladeg 5 constitute a wind turbine rotor.

[0024 ]

MBODIMENT]

L4]

D

(]

[FIRST PREFERR:

A wind turbine blade 1in relation to a first preferred

"

embodiment of the present invention is described 1n reference

to the attached drawings. FIG.4A is a schematic view showing

3 atructure of the wind turbine blade 1n relation to the

P

first preferred embodiment of the present 1invention. This

y—
p——

wind turbine blade 10 has an outer shell 1 of a basic

laminated structure, an upwind-side reinforcing section 4a

and a downwind-gide reinforcing section 4b. The upwind-side

reinforcing section 4a and the downwind-side reinforcing

section 4b have a reinforced laminated structure. The upwind-

side reinforcing section 4a and the downwind-side reinforcing

section 4b are provided in an upwind-side part and a

downwind-side part of the wind turbine blade 10 respectively.

[0025]

)

A structure having a fiber-reinforced plastic ot

unidirectional reinforcing material 12 (UD material or 0°

material) arranged in a location far from a ftlexural center X

is popular to make a lighter blade 10 while maintaining the

bending rigidity required for the Dblade. In the preferred

—

embodiment of the present invention, the UD material 12 1s

lJayvered 1in the outer shell 1 as well. By this, the UD

material 12 1is disposed on the upwind-side part and the

pr—

downwind-side part of the blade (the upwind-side reinforcing
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section 4a and the downwind-side reinforcing section 4b) to
be layered intensively while it is not necessary to provide

the UD material 12 on the leading edge part and the trailing

edge part. This structure 1is described below 1in detail.

[0026]

The outer shell 1 includes bias materials 11 (referred

to as T45° material or multi-directional material) which 1s a

—
p—

multi-layer ot

fiber-reinforced plastic, of which a Dblade

surface of the wind turbine blade 10 is made, or the like. In

the outer sghell 1, the parts in which the UD material 12 1s

not  provided (the  parts other than the upwind-side

reinforcing section 4a and the downwind-side reinforcing

section 4b) have a structure such as a sandwich structure

wherein, for instance, a core material 13 1s 1interposed
between plural layers of the bias materials 11.

(0027]

FIG.4B 1s a gchematic view showing the laminated

structure of FIG.4A. In the drawing, the solid line 1ndicates

the bias material (1 45° material), the dotted 1line 1ndicates

the UD material 12 (0° material), and the trapezoid

(rectangular) indicates a core material 13.

[0028]

gr—
p—

As the outer shell 1, n layers of =£ 45° material, N1

- g~
F

layers of 0° material, M1l layers of 0° material, m layers of

+ 45° material are respectively arranged 1in thils order from

gp—

rhe outer side to the inner gside of the outer sheil 1.

W r7/

-,

“m”, “N1” and “M1” are all natural numbers (positive 1nteger
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g

numbers) and the inequalities of N1 + M1

IV
Y
1V

1, N1 1, M1 0

exist. And in the following parts of the wind turbine blade

10, the lavers as described below are provided between the NI

gr— P

layers of 0° material and the Ml layers of 0° material.

Specifically, Q1 layers of 0° material are provided between

pr—

the N1 lavers of 0° material and the M1 layers of 0° material

in the upwind-side reinforcing section 4a/downwind-side

reinforcing section 4b (“Q” 1s a natural number). In this

A\

case, “Q1” 1s smaller than “g” (see FIG.1B). The bending

rigidity is improved by using 0° material in the outer shell 1.

P

In the remaining part, a single layer of core material 13 1s

r—

provided. In consideration of the required rigidity, the

prre —
——

number of layers (Q1) may be different 1n the upwind-side

reinforcing section 4a and the downwind-side reinforcing
section respectively.

[0029]

0° material (UD material) 12 and =+ 45° material (bias

material) 11 are the UD material 112 and the bias material

111 aforementioned 1n reference to FIG.2.

[0030]

In the case described above, the upwind-side reinforcing

section 4a / the downwind-side reinforcing section 4b has the

laminated structure having (*£45°), /(0° )n1 /(0° )o1r /(0% )wma /
(+45°) . in this order from the outer side to the 1inner side.

The other parts has the laminated structure having ( X 45%),

/(0° V1 / core material / (0° w1 / (X£45%), in this order from

the outer side to the inner side. W 4+ 45°” and M 0%~
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A\ r7

respectively indicate % 45° material and 0° material and "n”,
“m”, “N1”, “Q1” and “M1” respective 1ndicate the number of
lavers.

(0031]

The number of layers (N1 layers) of the UD material to

Ul

be layered on the whole outer shell 1s the smallest number

that can attain the bending rigidity required for the blade

without the UD material for reinforcing the leading edge part

and the trailing edge part being provided. This smallest

y—

number of layers can be determined by methods such as tests

P

and simulations. In this manner, the number of layers of the

UD material to be layered on the whole outer shell 1s set as

gp—

small as possible so as to prevent the weight increase of the

blade.
[0032]

In the preferred embodiment, the Dbending rigidity
required for the Dblade is achieved Dby laminating the

unidirectional reinforcing 0° material (UD materilal) on the

g

outer shell of the whole blade surtace. Thus, the structure

in which the leading edge part and the trailing edge part are

not laminated intensively with the UD material can Dbe

achieved. As a UD material for the leading edge part and the

trailing edge part 1is not provided in the blade, the number

of places where the UD material i1s provided can be reduced 1in

the manufacturing process and also the time for the

laminating process can be shortened 1n comparison to the

conventional case. As a UD material for the leading edge part

- 20 -
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and the trailing edge part is not provided in the Dblade, 1t

is possible to solve the issue that the wmanufacturing 18

11l

difficult near the blade root where the shape of the blade 1s

almost cylindrical, which causes the UD material to droop

down.

[0033]

In the preferred embodiment, the upwind-side part and

the downwind-side part are intensively laminated with the UD

material while the leading edge part and the trailing edge

part 1is not intensively laminated with the UD material. In

such a case that the bending rigidity 1s obtained solely by

the UD material laminated on the outer shell while skipping

the UD material laminated intensively, the amount o©of the UD

material to be used increases and the weight 1ncrease 1s

significant. Therefore, in the preferred embodiment, the UD

material is provided in the outer shell and also 1intensively

provided in the upwind-side part and the downwind-side part,

and thus the amount otf the UD material to Dbe used

additionally can be suppressed and the blade can remain light

and still possess the required bending rigidity.

[0034 ]

Therefore, according to the preferred embodiment, 1t 1s

possible to reduce the manufacturing time of the wind turbine

p—
s

blade and achieve the ease of the manufacturing while

maintaining the lightweight and the bending rigidity of the
wind turbine blade.

0035}
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D EMBODIMENT]

L4]

[SECOND PREFERR!

A wind turbine blade in relation to a second preferred

embodiment of the present invention 1s described 1n reference

to the attached drawings. FIG.5A 1s a sectional view

ﬁ

schematically showing a structure of a wind turbine blade 1in

F

relation to the second preferred embodiment of the present

invention. The wind turbine blade 10a has an outer shell 1 ot

a basic laminated structure, an upwind-side reinforcing
section 4a, a downwind-side reinforcing section 4b, and
trailing edge reinforcing sections 5a, 5D. The upwind-side

reinforcing section 4a, the downwind-side reinforcing section

4b and the trailing edge reinforcing sections 5a, 5b have a

reinforced laminated structure. The upwind-side reinforcing

section 4a, the downwind-side reinforcing section 4pb and the

trailing edge reinforcing sections 5a, 5b are provided 1in the

upwind-side part, the downwind-side and the leading edge part

g~

of the wind turbine blade 10 respectively.

[0036]

I

ferent from the

The second preferred embodiment 1s di:

1

first preferred embodiment 1in that the UD material 12 of the

fiber-reinforced plastic 1s intensively provided not only on

the upwind side (the upwind-side reinforcing section 4a) and
the downwind side (the downwind-side reinforcing section 4b)

but also on the 1leading edge side (the leading edge

reinforcing sections 5a, 5b). Specifically, by laminating the

UD material 12 on the outer shell 1, the additional UD

material 12 1s intensively laminated on the upwind side (the
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upwind-side reinforcing section 4a), the downwind side (the

downwind-side reinforcing section 4b) and the leading edge

side (the leading edge reinforcing sections 5a, b5b) but not

on the leading edge part. The reason that UD material 1s

P

provided in the trailing edge part instead of the leading

Lod

edge part

For the reason that the UD material 18 to Dbe

disposed far from the flexural center X to reduce the weight

gpr—

O

L4

-t

further explained below 1in detail.

10037]

- the blade while maintaining the bending rigidity. This 1s

The outer shell 1 includes bias materials 11 (referred

to as T=45° material or multi-directional material) which 1s a

y— —
p—

multi-layer of fiber-reinforced plastic, ot

#

which a blade

surface of the wind turbine blade 10 is made, or the like. 1In

the outer shell 1, the parts in which the UD material 12 1s

not  provided (the  parts other than the upwind-side

reinforcing section 4a, the downwind-side reinforcing section

4 and the trailing edge reinforcing sections 5a, 5b) have a

structure such as a sandwich structure whereiln,

for instance,

pr——

a core material 13 1is 1interposed between plural layers of the

bl1ag materials 11.

[0038]

FIG.5B 1s a schematic view showling

g
—

structure of FIG.5A. In the drawing, the solid

the bias material (F45° material), the dotted

the UD material 12 (0° material), and

(rectangular) 1ndicates the core material 13.

the laminated
line 1ndicates
line indicates

the trapezoid
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10039
As the outer shell 1, n layers of = 45° material, N2

e p—
P—

layvers of 0° material, M2 layers of 0° material, m layers of

+ 45° material are respectively arranged in this order from

W 7

the outer side to the inner side of the outer shell 1. n’,

“m” ., “N2” and “M2” are all natural numbers and 1nequalities

'

of N2 + M2 = 1, N2 = 1, M2 =2 0 exist. And in the following

M — —

parts of the wind turbine blade 10, the layers as described

gp—

below are provided between the N2 layers of 0° material and

ﬁ
p—

the M2 layers of 0° material. Specifically, Q2 layers of 0°

material are provided in the upwind-side reinforcing section

4a/downwind-side reinforcing section 4b (“Q2” 1s a mnatural

pr—

number) and R layers of 0° material are provided 1in the

trailing edge reinforcing sections 5a, 5b ("R2” 1s a natural

number). In this case, Q2 < g (see FIG.1B) and R < r (see

FIG.1B) can be achieved. The bending rigidity 1s 1mproved by

using 0° material in the outer shell 1. It 1s also possible

A
I7A

to achieve M2 = M1, N2 = N1 and Q2 01 (see FIG.4B). This

igs because the bending rigidity is enhanced by providing the

trailing edge reinforcing sections 5a, 5b. For the remaining
part, a single layer of core material 13 1s provided. In
consideration of the required rigidity, the number of layers

P
p—

(Q2) may be dif

ferent 1in the upwind-side reinforcing section

4a and the downwind-side reinforcing section respectively. In

r—

consideration of the required rigidity, the number of layers

F

(R) may be different in each of the trailing edge reinforcing

sectiong 5a and 5b respectively.

- 24 -
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[0040 ]

0° material (UD material) 12 and £ 45° material (bias

material) 11 are the UD material 112 and the bilas material

111 aforementioned 1n reference to FIG.2.

[0041]

In the case described above, the upwind-side reinforcing

section 4a / the downwind-side reinforcing section 4b has the

laminated structure having (+45° ., /(0° Jx2 /(0% )o2 /(0% Jmz /

(+45°)  in this order from the outer side to the 1nner side.

The railing edge reinforcing sections 5a, b5b has the

laminated structure having (£45°, /(0° )xz /(0° )r /(0° Jmx /

(F£45°)  in this order from the outer side to the 1inner slide.

The other parts has the laminated structure having ( =* 45%),

/(0° Vg / core material / (0° )w / (XZ45%), in this order from

the outer side to the 1nner side. W+ 45°”  agnd M 0%
respectively indicate £ 45° material and 0° material and “n”,
“m”, “N2”, “027, “R” and “M2” respective 1indicate the number

*

of layers. A trailing tip of the trailing edge part may have

only the outer shell 101 (including the core material 13).

[0042]

The number of layers (N2 layers) of the UD material to

ﬁ
—

be lavered on the whole outer shell 1is the smallest number of

layers that can achieve the bending rigidity required for the

blade without the UD material for the leading edge part being

gr—
—

provided. This smallest number of layers can be determined

by methods such as a test and a simulation. In this manner,

g

the number of layers of the UD material to be layered on the
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whole outer shell is set as small as possible so as to

suppress the weight increase of the blade.

(004 3]

In the preferred embodiment, the bending rigidity

required for the blade 1s achieved by laminating the

unidirectional reinforcing 0° material (UD material) on the

pi—

outer shell of the whole blade surface. Thus, the sgstructure

in which the leading edge part is not laminated intensively

p—
p——

Oor

with the UD material can be achieved. As a UD material

the leading edge part is not provided in the Dblade, the

y—
pre

numpber of

places where the UD material is provided can be

reduced in the manufacturing process and also the time for

the laminating process can be shortened in comparison to the

conventional case. As a UD material for the leading edge part

is not provided in the blade, it 1is possible to solve the

Ul

ficult near the blade root

issue that the manufacturing 1s di:

where the shape of the blade is almost cylindrical causing

the UD material to droop down.
[0044]
In the preferred embodiment, the upwind-side part, the

downwind-side part and the trailing edge part are 1intensively

laminated with the UD material while the leading edge part 1is

not intensively laminated with the UD material. In such a

case that the bending rigidity i1s obtained solely by the UD

material laminated on the outer shell while skipping the UD

P

material laminated intensively, the amount of the UD material

to be used increases and the weight galin 1s significant.
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Therefore, in the preferred embodiment, the UD material 1is
provided in the outer shell and also intensively provided 1n
the upwind-side part, the downwind-side part and the trailing

#

edge part and thus the amount of the UD material to be needed

additionally can be suppressed and the blade can remailn light

weight and still possess the required bending rigidity.

[0045]

I

ferent from the

The second preferred embodiment 1s di:

first preferred embodiment in that the UD material 1s

intensively provided in the trailing edge part as well,

#

thereby reducing the amount of the UD material to be used 1n

P

the outer shell. As a result, the amount of the UD material

to be needed can be suppressed and the blade can remaln

lightweight and still possess the required bending rigidity.

[0046]

Therefore, according to the preferred embodiment, 1t 1s

P

possible to reduce the manufacturing time of the wind turbine

blade and achieve the ease of the manufacturing while

p—

maintaining the lightweight and the bending rigidity of the

wind turbine blade.

1004 7]

| THIRD PREFERRED

[T]

MBODIMENT ]

A wind turbine Dblade in relation to a third preferred

—

embodiment of the present invention 1s described in reference

to the attached drawings. FIG.6 1s a sectional view

- —
pr—

v showing a structure of a wind turbine blade 1n

schematica.

P

relation to the third preferred embodiment of the present
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invention. Thie wind turbine blade 10b has a blade root

section S1 and a maln section S2.

(0048]

r—

In the preferred embodiment, instead of applying the

same laminated structure to the entire wind turbine blade,

the blade root section S1 from the root to vicinity of a

maximum chord location of the blade, and the main section S2

—

from the maximum chord location to a tip of the blade have

F
—

ferent from the

different laminated structures. This 1s di:

first and second preferred embodiments. The above structure

1g degcribed 1n detailed below.

10049]

The blade root section S1 1s near the blade root and has

an almost cylindrical shape, which causes the UD material to

gp—
prve

droop down. Thus, the laminated structure of the first

preferred embodiment (see FIG.4A and FIG.4B) 1s used 1n the

blade zroot section S1. Specifically, 1n the Dblade root

#

from the root to vicinity of a maximum chord

—

section S1

location of the blade, the UD material 12 1is laminated on the

ﬁ

entire blade surface and the additional UD material 12 for

the leading edge part and the trailing edge part 1s not

provided. As a result, 1t is possible to solve the 1ssue that

the manufacturing is difficult near the blade root where the

—

shape of the blade is almost cylindrical, which causes the UD

material to droop down. Alternatively, the laminated

y—
—

structure of the second preferred embodiment (FIG.5A and

FIG.5B) may be applied to the blade root section SI.

- 28 -
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[0050]

pr—

The mailin sgsection 82 has the laminated structure of the

related art (FIG.1A and FIG.1B). Specifically, in the mailn

section S2 from the maximum chord location to the tip of the

blade, the UD material 12 for the entire blade surface 1s not

provided, and instead the UD material 12 1s 1intensively

provided 1n the leading edge part, the trailing edge part,

the upwind part and the downwind part. As a result, 1in

—

comparison to the case of laminating the UD material on the

entire blade surface, the amount of the UD material to be
used 18 minimized and thus, the weight of the blade can be

reduced more. Alternatively, other laminated structure (e.g.

FIG.5A and FIG.5B or FIG.4A and FIG.4B) different from the

pr—

structure of the blade root section S1 may be applied to the

maln section S2.

(0051 ]
In such a case that the blade root section S1 and the

maln section 82 have the same structure, these sgections Sl

and S2 1is formed continuously (integrally). For 1nstance, the

bias materials 11 on the inner side and the outer side of the

outer shell 1 and the core material 13 between the Dbias

materials of the blade root section S1 c¢can Dbe formed

continuously (integrally) with the bias material 111 on the

gpr—

inner side and the outer side of the outer shell 101 and the

core material 113 between the bias materials 111 of the main

section S2. As a result, the wind turbine blade can be

integrally as a whole.
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[0052]

Therefore, according to the preferred embodiment, 1t 1is

—

possible to reduce the manufacturing time of the wind turbine

b

blade and achieve the ease of the manufacturing while

g

maintaining the lightweight and the bending rigidity of the

wind turbine blade.

[0053]

1]

The wind turbine Dblades 10, 10a, 10b of the first,

—

second and third preferred embodiments are ight and have

high bending rigidity. The wind turbine blades can be used

for a wind turbine generator as a wind turbine which requires

shorter time for manufacturing and has the ease of the
manufacturing.
(0054 ]

The present invention 1is not 1limited to the above

preferred embodiments and it is to be understood that various

changes and modifications will be apparent to those skilled

in the art within the scope of the present invention. Unless

there 18 technical inconsistency, the configurations

described in each of the preferred embodiments can Dbe

I

interchanged and combined with one another.
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CLAIMS

1. A wind turbine blade comprising a laminated structure

which comprises an outer shell having a shape of the blade,

an upwind-side reinforcing section which reinforces a upwind-

g

side part of the blade in the outer shell and a downwind-side

F
-

reinforcing section which reinforces a downwind-side part Of

the blade in the outer shell,

wherein the outer shell comprises a first multidirectional

material, a first unidirectional reinforcing material and a

second multidirectional material which are layered,

wherein the upwind-side reinforcing section comprises a

second unidirectional reinforcing material provided between

the first unidirectional reinforcing material and the second

multidirectional material,

wherein the downwind-side reinforcing section comprises a

third unidirectional reinforcing material provided Dbetween

the first unidirectional reinforcing material and the second
multidirectional material, and

wherein the outer shell comprises a first core member

respectively provided between the upwind-side reinforcing

section and the downwind-side reinforcing section on a

leading edge side, and between the upwind-side reinforcing

section and the downwind-side reinforcing section on a

trailing edge side.

2. The wind turbine blade according to claim 1,
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wherein the laminated structure further comprises a

trailing edge reinforcing section which reinforces a trailing

ﬁ

edge part of the blade in the outer shell,

wherein the trailing edge reinforcing section comprises a

fourth unidirectional reinforcing material arranged between

the first unidirectional reinforcing material and the second

multidirectional material, and

wherein the outer shell comprises the first core member

regspectively provided between the upwind-side reilnforcing

section and the downwind-side reinforcing section on the

leading edge side, between the wupwind-side reinforcing

section and the trailing edge reinforcing section, and

between the downwind-side reinforcing section and the

trailing edge reinforcing section.

3. The wind turbine blade according to claim 1 or 2,

wherein the outer shell comprises a fifth unidirectional

gp—
—

reinforcing material which is provided on an 1inner side of

the second multidirectional material so as to be layered on

the second multidirectional material.

4 . The wind turbine blade according to any one of claims 1

through 3,

wherein the blade comprises the laminated structure from

pr—

a root of the blade to vicinity of a maximum chord location

at which a chord i1s maximum and the blade comprises other

laminated structure from the maximum chord location to a tip
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of the blade.

5. The wind turbine blade according to claim 4,

wherein said other laminated structure comprises other

outer shell having a shape of the blade, other upwind-side

reinforcing section which reinforces the upwind-side part of

the blade 1n gsaid other outer gshell, other downwlnd-side

reinforcing section which reinforces the downwind-side part

of the blade in said other outer shell, other leading edge

 amiad
e

reinforcing section which reinforces the leading edge part of

the blade 1in said other outer shell and other trailing edge

reinforcing section which reinforces the trailing edge part

e~
p—

of the blade 1in said other outer shell,

wherein said other outer shell comprises the first

multidirectional material and the second multidirectional

material which are lavered,

wherein said other upwilind-side reinforcing section

comprises a sixth  unidirectional reinforcing material

provided between the first multidirectilional material and the

second multidirectional material,

wherein saild other downwind-side reinforcing section

comprises a seventh unidirectional reinforcing material

provided between the fi1irst multidirectional material and the

second multidirectional material,

wherein said other leading edge reinforcing section

comprises a eilghth unidirectional reinforcing material

provided between the first multidirectional material and the
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second multidirectional member,

wherein said other trailing edge reinforcing section

comprises a ninth unidirectional reinforcing material between

the first multidirectional material and the second
multidirectional material, and
wherein said other outer shell comprises a second core

member respectively provided between said other upwind-side

reinforcing section and said other leading edge reinforcing

section, between said other upwind-side reinforcing section

and sgaid other trailing edge reinforcing section, between

said other downwind-side reinforcing section and said other

leading edge reinforcing section, and between said other

downwind-gside reinforcing section and said other trailing

edge reinforcing section.

6. A wind turbine generator comprising a rotor head

supported rotatably with respect to a nacelle and the wind

F

turbine blade according to any one of claims 1 through 5

which ig mounted on a rotor head, wherein a wind turbine

gr—

rotor is constituted of the rotor head and the wind turbine

blade, wherein the turbine rotor is rotated by a wind force

greier

and a rotation energy of the turbine rotor 1s converted to

power generation energy.

——
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