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DESCRIPTION 

WIND TURBINE BLADE AND WIND POWER GENERATOR USING THE SAME 

Technical Field 

[0001] 

The present invention relates to wind turbine blades and 

wind power generators that generate electricity using such 

wind turbine blades.  

Background Art 

[0002) 

One problem with wind power generators is noise caused by 

blades. Recently, the size of wind power generators has been 

increased with the growing demand for high-power wind power 

generators. Accordingly, the rotor diameter, that is, the 

length of the wind turbine blades, has increased.  

The longer the blades are, the faster the blade tips 

move. Accordingly, a larger amount of noise occurs, and a 

further noise reduction has been demanded.  

[0003] 

The major sources of noise caused by blades are noise due 

to vortices at the tips of the blades and noise due to 

turbulence boundary layers occurring on the surfaces of the 

blades.
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In the related art, to reduce the noise level, it is 

thought to be effective to reduce the rotational speed of a 

rotor. That is, if the rotational speed of the rotor is 

reduced, the flow speed of air to the blades is decreased, so 

that aerodynamic sound can be reduced. However, if the 

rotational speed of the rotor is reduced, the power generation 

efficiency is decreased.  

[0004] 

To reduce noise without reducing the rotational speed of 

the rotor, for example, as disclosed in Patent Citation 1, a 

technique called serration has been proposed.  

This is intended to suppress Karman vortices from a 

trailing edge of a blade by forming a serrated portion at the 

trailing edge so as to cause longitudinal vortices. By 

suppressing Karman vortices, noise is reduced.  

[0005] 

Patent Citation 1: 

Japanese Unexamined Patent Application, Publication No.  

2003-336572 

Disclosure of Invention 

[00061 

The blade disclosed in Patent Citation 1 has low 

flexibility in fabrication because serrations are molded 

integrally with the overall blade or are fixed to the blade
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with bolts.  

That is, the blade disclosed in Patent Citation 1 has 

serrations forming a portion of the blade, namely, an extended 

portion of the blade. In other words, the serrations are 

formed such that the trailing edge of the airfoil is cut in a 

serrated pattern.  

In general, a blade has an angle of attack with respect 

to the wind flow, and consequently a flow (cross flow) occurs 

at the trailing edge of the blade in a direction from the 

front side (lower surface) to the back side (upper surface) of 

the blade.  

Thus, serrations formed as an extended portion of a blade 

can themselves disturb the flow and therefore serve as a new 

source of noise.  

In addition, if a blade is attached with bolts, the 

bolted portions can serve as a new source of noise.  

[0007] 

In light of the above circumstances, the present 

invention provides a wind turbine blade having a serrated 

plate that can be formed irrespective of the overall structure 

of the blade and that can be attached in the optimum shape to 

effectively suppress noise occurring at the trailing edge 

thereof, and also provides a wind power generator using such a 

wind turbine blade.  

[0008]
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To solve the above problem, the present invention employs 

the following solutions.  

A first aspect of the present invention provides a wind 

turbine blade formed by bonding a back skin and a front skin 

and having a serrated plate attached to a trailing edge 

thereof, and the serrated plate has a serrated portion on a 

rear side thereof and is formed so as to be attached by 

bonding the back skin and the front skin.  

[0009] 

The wind turbine blade according to this aspect is formed 

by bonding the back skin and the front skin, whereas the 

serrated plate having the serrated portion on the rear side 

thereof is formed so as to be attached by bonding the back 

skin and the front skin; that is, the serrated plate is 

attached when the overall structure of the wind turbine blade, 

in other words, the joint structure of the back skin and the 

front skin, is formed.  

Accordingly, the serrated plate can be formed 

irrespective of the joint structure of the back skin and the 

front skin, so that it can be attached in the optimum shape to 

avoid noise, for example, a shape that can suppress formation 

of a cross flow, thus effectively suppressing noise occurring 

at the trailing edge.  

Large noise occurs at an end portion of the wind turbine 

blade, where the flow speed is high; therefore, in view of
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efficiently reducing noise, the serrated plate is preferably 

provided at the end portion. The end portion at which the 

serrated plate is provided is, for example, within 30%, more 

preferably within 20%, of the blade length from a blade tip 

toward a blade root.  

[0010] 

In the above aspect, the back skin and the front skin may 

be bonded with an adhesive, and the serrated plate may be 

inserted between the back skin and the front skin and be fixed 

with the adhesive.  

[0011] 

If the serrated plate is prepared independently of the 

back skin and the front skin and the back skin and the front 

skin are bonded with an adhesive, a portion of the serrated 

plate on the blade side is inserted between the back skin and 

the front skin and is inserted into an adhesive layer present 

therebetween. As the adhesive is dried, the back skin and the 

front skin are fixed, and accordingly the serrated plate is 

fixed.  

In this way, because the serrated plate is fixed by 

bonding the back skin and the front skin, no special 

attachment is required for attachment of the serrated plate, 

thus facilitating the attachment procedure.  

In addition, the serrated plate can be formed in the 

optimum shape to avoid noise, for example, a shape that can
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suppress formation of a cross flow, thus effectively 

suppressing noise occurring at the trailing edge.  

[0012] 

In the above configuration, an insertion portion of the 

serrated plate may have at least one protrusion protruding 

toward the back skin and/or the front skin.  

By doing so, a large resistance is caused by the 

protrusion, thus effectively preventing the serrated plate 

from coming off.  

[0013] 

In the above aspect, the serrated plate may be formed 

integrally with one of the back skin and the front skin, and 

an end of the other shell may be fitted to the shell.  

[0014] 

The serrated plate is formed integrally as a trailing

edge portion of the back skin or the front skin. Because the 

back skin and the front skin are separately formed, the 

serrated plate can be formed irrespective of the joint 

structure of the back skin and the front skin. Accordingly, 

the serrated plate can be formed in the optimum shape to avoid 

noise, for example, a shape that can suppress formation of a 

cross flow, thus effectively suppressing noise occurring at 

the trailing edge.  

[0015] 

In the above aspect, the serrated plate preferably has a
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shape extending along a streamline at the trailing edge.  

By doing so, a wind flow flows along the serrated plate, 

so that the formation of a flow from the front side (lower 

surface) to the back side (upper surface) of the blade, 

namely, a cross flow, is suppressed, thus inhibiting formation 

of a new source of noise.  

[00161 

A second aspect of the present invention provides a wind 

power generator that generates electricity using a wind 

turbine blade that can effectively suppress noise occurring at 

a trailing edge thereof.  

[0017] 

By doing so, noise can be reduced during the operation of 

the wind power generator. This alleviates limitations due to 

noise, thus ensuring flexibility of installation sites; for 

example, it can be installed near a residential area.  

[0018] 

According to the present invention, because the wind 

turbine blade is formed by bonding the back skin and the front 

skin and, on the other hand, the serrated plate having the 

serrated portion on the rear side thereof is formed so as to 

be attached by bonding the back skin and the front skin, the 

serrated plate can be attached in the optimum shape to avoid 

noise, for example, a shape that can suppress formation of a 

cross flow, thus effectively suppressing noise occurring at
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the trailing edge.  

Brief Description of Drawings 

[0019] 

[FIG. 1] Fig. 1 is a side view schematically showing the 

overall structure of a wind power generator according to a 

first embodiment of the present invention.  

[FIG. 2] Fig. 2 is a front view of a wind turbine blade 

according to the first embodiment of the present invention.  

(FIG. 3] Fig. 3 is a sectional view along X-X in Fig. 2.  

[FIG. 4] Fig. 4 is a partial enlarged view showing a 

trailing-edge portion of the wind turbine blade according to 

the first embodiment of the present invention.  

[FIG. 5] Fig. 5 is a partial enlarged view showing 

another form of the trailing-edge portion of the wind turbine 

blade according to the first embodiment of the present 

invention.  

[FIG. 6] Fig. 6 is a partial perspective view showing 

the attachment structure of a serrated plate according to the 

first embodiment of the present invention.  

[FIG. 7] Fig. 7 is a partial perspective view showing 

the attachment structure of another form of the serrated plate 

according to the first embodiment of the present invention.  

[FIG. 8] Fig. 8 is a partial perspective view showing 

the attachment structure of a serrated plate according to a
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second embodiment of the present invention.  

[FIG. 9] Fig. 9 is a partial perspective view showing 

the joint structure of a back skin and a front skin according 

to the second embodiment of the present invention.  

Explanation of Reference: 

[0020] 

1: wind power generator 

9: wind turbine blade 

19: back skin 

21: front skin 

29: flow 

33: trailing edge 

35: serrated plate 

37: serrated portion 

39: adhesive layer 

41: insertion portion 

43: protrusion 

Best Mode for Carrying Out the Invention 

[0021] 

(First Embodiment) 

A wind power generator 1 according to an embodiment of 

the present invention will be described below on the basis of 

the drawings.  

Fig. 1 is a side view schematically showing the overall
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structure of the wind power generator 1.  

As shown in Fig. 1, the wind power generator 1 includes a 

tower 3 provided in an upright position on a foundation 11, a 

nacelle 5 installed on the top end of the tower 3 so as to be 

rotatable substantially horizontally, with the tower 3 serving 

as a pivot, a rotor head 7 provided on the nacelle 5 so as to 

be rotatable about a substantially horizontal axis, and a 

plurality of wind turbine blades 9 attached to the rotor head 

7 so as to extend radially around the rotation axis thereof 

and to be rotatable about the blade length direction.  

The force of wind striking the wind turbine blades 9 in 

the rotation axis direction of the rotor head 7 is converted 

into power rotating the rotor head 7 about the rotation axis 

direction thereof.  

[0022] 

An anemometer 13 for measuring ambient wind speed value, 

an anemoscope 15 for measuring wind direction, and an arrester 

(not shown) are provided at appropriate positions (for 

example, the top) on the peripheral surface of the nacelle 5.  

A generator (not shown) coupled to the rotor head 7 via a 

gearbox (not shown) coaxial therewith is installed in the 

nacelle 5. That is, the generator is driven while 

accelerating the rotation of the rotor head 7 using the 

gearbox to attain generator output.  

[0023]
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Fig. 2 is a front view of a wind turbine blade 9. Fig. 3 

is a sectional view along X-X in Fig. 2.  

The wind turbine blade 9 is a hollow member having an 

airfoil shape in cross section. The airfoil shape of the wind 

turbine blade 9 is defined by a skin 17 formed of, for 

example, a fiberglass reinforced plastic. The skin 17 is 

composed of two half segments bonded to each other, namely, a 

back skin 19 and a front skin 21, and is reinforced inside by, 

for example, a main girder (not shown).  

[0024] 

In use, the wind turbine blade 9 is arranged such that a 

blade chord 25 has a certain angle with respect to a wind 

direction 27. This angle is referred to as the angle of 

elevation a.  

As shown in Fig. 3, a wind flow (streamline) 29 around 

the wind turbine blade 9 is introduced along a wind direction 

27 toward a leading edge 31, flows along the back skin 19 and 

the front skin 21, and flows in a direction along the wind 

direction 27 at a trailing edge 33. The flow 29 at the 

trailing edge 33 is typically a flow from the front skin 21 to 

the back skin 19.  

[00251 

A serrated plate 35 is provided at a portion of a blade 

tip 23 side (end portion) at the trailing edge 33 of the wind 

turbine blade 9. The length of the serrated 35 in the blade
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length direction is, for example, substantially 20% of the 

blade length from the blade tip 23 toward a blade root 24.  

This is intended to efficiently reduce noise by providing 

the serrated plate 35 at a portion where the flow speed is 

high, that is, where large noise occurs; from this viewpoint, 

depending on the length of the wind turbine blade 9, the 

length of the serrated plate 35 in the blade length direction 

is within 30%, more preferably within 20%, of the blade length 

from the blade tip 23 toward the blade root 24.  

If a further noise reduction is desired without much 

consideration of the efficiency of noise reduction, for 

example, the serrated plate 35 may be provided over the entire 

blade length.  

[0026] 

The serrated plate 35 is plate-shaped, is flat along the 

flow 29, as shown in Figs. 3 and 4, and has a serrated portion 

37 on the rear side thereof, as shown in Fig. 2.  

As shown in Fig. 5, the serrated plate 35 may be curved 

along the flow 29. By doing so, the flow 29 can be allowed to 

flow more smoothly along the serrated plate 35.  

[0027] 

Fig. 6 shows the attachment structure of the serrated 

plate 35.  

The serrated plate 35 is held between the back skin 19 

and the front skin 21 at the trailing edge 33, with the front
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thereof extending into a space surrounded by the back skin 19 

and the front skin 21. That is, a bent insertion portion 41 

inserted into an adhesive layer (adhesive) 39 bonding the back 

skin 19 and the front skin 21 at the trailing edge 33 is 

provided in the front of the serrated plate 35.  

In other words, the insertion portion 41 of the serrated 

plate 35 is held and retained between the back skin 19 and the 

front skin 21 at the trailing edge 33 and is fixed and 

retained by the adhesive layer 39.  

[0028] 

The wind turbine blade 9 is produced as follows.  

First, the back skin 19, the front skin 21, the 

reinforcement such as the main girder, and the serrated plate 

35 are molded in predetermined shapes.  

For example, the front skin 21 is placed with the inner 

side thereof facing upward. An end of the reinforcement, such 

as the main girder, is bonded to the front skin 21. An 

adhesive is then applied to the other end of the 

reinforcement, such as the main girder, and the adhesive layer 

39 is put on the peripheral portion, including the leading 

edge 31 and the trailing edge 33.  

[0029] 

After an adhesive is similarly applied to the back skin 

19, the back skin 19 is placed on the front skin 21 while 

being positioned. At the same time, the insertion portion 41
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of the serrated plate 35 is inserted into the adhesive layer 

39 and is held and retained between the back skin 19 and the 

front skin 21.  

In this state, as the adhesive layer 39 etc. are dried, 

the back skin 19 and the front skin 21 are fixed, and 

accordingly the serrated plate 35 is fixed.  

In this way, because the serrated plate 35 is fixed by 

bonding the back skin 19 and the front skin 21, no special 

attachment is required for attachment of the serrated plate 

35, thus facilitating the attachment procedure.  

[0030] 

In this embodiment, the insertion portion 41 is plate

shaped; as shown in Fig. 7, it may have protrusions 43 

protruding toward the back skin 19 and the front skin 21 and 

extending in the blade length direction.  

By doing so, a large resistance is caused by the 

protrusions 43 against the direction in which the insertion 

portion 41 comes off, thus effectively preventing the serrated 

plate 35 from coming off.  

[0031] 

Next, the operation of the thus-configured wind power 

generator 1 will be described.  

In operation, the wind power generator 1 measures wind 

direction using the anemoscope 15. The nacelle 5 is rotated 

on the basis of the measurement results so that the wind blows
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in the rotation axis direction of the rotor head 7. That is, 

the wind blows the wind turbine blade 9 in a predetermined 

direction.  

As the wind strikes the wind turbine blade 9, a lift 

occurs in a direction crossing the blade surface. The lift 

moves the wind turbine blade 9, thus rotating the rotor head 7 

about the rotation axis thereof.  

The generator is driven while accelerating the rotation 

of the rotor head 7 using the gearbox to generate electricity.  

[0032] 

The pitch angle of the wind turbine blade 9 is adjusted 

by rotating it about the blade length direction depending on 

the wind speed measured by the anemometer 13. If the wind 

speed is low, the pitch angle is increased to increase the 

wind-receiving area. If the wind speed exceeds the rotational 

speed at which the rated output is reached, that is, the rated 

rotational speed, the pitch angle is decreased to decrease the 

wind-receiving area.  

[0033] 

At this time, because the serrated plate 35 is provided 

at the trailing edge 33 along the blade length direction, the 

serrated portion 37 suppresses formation of a Karman vortex 

street behind the trailing edge of the wind turbine blade 9.  

Thus, noise due to a Karman vortex street can be reliably 

suppressed.
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In this embodiment, additionally, because the portion of 

the serrated plate 35 protruding from the trailing edge 33 has 

a shape extending along the flow 29 at the trailing edge 33, 

the flow 29 flows along the serrated plate 35. This 

suppresses formation of the flow from the front skin 21 to the 

back skin 19 at the trailing edge of the serrated portion 37 

of the serrated plate 35, namely, a cross flow, thus 

inhibiting formation of a new source of noise.  

This effectively suppresses noise occurring at the 

trailing edge 33.  

[0034] 

In this embodiment, additionally, because the wind 

turbine blade 9 has the serrated plate 35 at the end portion 

thereof, where large noise occurs because of the high movement 

speed, noise can be efficiently reduced.  

This eliminates the need for reducing the rotational 

speed for noise reduction, thus inhibiting a decrease in 

performance, such as power generation efficiency, in the wind 

power generator 1.  

[0035] 

(Second Embodiment) 

Next, a second embodiment of the present invention will 

be described using Figs. 8 and 9.  

In this embodiment, the basic structure is similar to 

that of the first embodiment, but it differs in the structure
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of the trailing edge 33 of the wind turbine blade 9. In this 

embodiment, therefore, this difference will be described, and 

a redundant description of the other portions will be omitted.  

The same elements as those of the first embodiment are 

denoted by the same references, and a detailed description 

thereof will be omitted.  

Fig. 8 is a partial perspective view showing the 

attachment structure of the serrated plate 35. Fig. 9 is a 

partial perspective view showing the joint structure of the 

back skin 19 and the front skin 21.  

[0036] 

The serrated plate 35 is formed integrally with the back 

skin 19 as a trailing-edge extended portion of the back skin 

19.  

The serrated plate 35 is angled with respect to the back 

skin 19 so as to extend along the flow 29 during the assembly 

of the wind turbine blade 9.  

A fitting groove 45 extending in the blade length 

direction is formed on the inner side of the boundary between 

the back skin 19 and the serrated plate 35, that is, on the 

front skin 21 side.  

On the other hand, a fitting portion 47 that fits into 

the fitting groove 45 is formed at the end of the front skin 

21 at the trailing edge 33.  

[0037]
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For this wind turbine blade 9, the back skin 19 

integrated with the serrated plate 35, the front skin 21, and 

the reinforcement such as the main girder are molded in 

predetermined shapes.  

Thus, because the back skin 19 and the front skin 21 are 

separately formed, the serrated plate 35 can be formed 

irrespective of the joint structure of the back skin 19 and 

the front skin 21 (wind turbine blade 9) . Accordingly, the 

serrated plate 35 can be formed in the optimum shape to avoid 

noise, that is, a shape extending along the flow 29.  

[0038] 

Next, for example, the back skin 19 is placed with the 

inner side thereof facing upward. An end of the 

reinforcement, such as the main girder, is bonded on top of 

the back skin 19. An adhesive is then applied to the other 

end of the reinforcement, such as the main girder, and an 

adhesive is applied to the peripheral portion, including the 

leading edge 31 and the trailing edge 33.  

After an adhesive is similarly applied to the front skin 

21, the front skin 21 is placed on the back skin 19 while 

being positioned. At this time, at the trailing edge 33, the 

position of the fitting portion 47 of the front skin 21 is 

adjusted so as to fit into the fitting groove 45 of the back 

skin 19, thus bonding the back skin 19 and the front skin 21.  

[0039]
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In this way, because the serrated plate 35 is fixed by 

bonding the back skin 19 and the front skin 21, no special 

attachment is required for attachment of the serrated plate 

35, thus facilitating the attachment procedure.  

In addition, the back skin 19 and the front skin 21 can 

be reliably and accurately fixed together by fitting the 

fitting portion 47 into the fitting groove 45. This also 

allows the serrated plate 35 to be reliably positioned.  

[0040] 

The fitting groove 45 may be a hole having any shape, and 

the fitting portion 47 may be a protrusion that fits into that 

hole.  

In addition, the serrated plate 35 may be attached 

integrally to the front skin 21 side, rather than to the back 

skin 19 side.  

[0041] 

The operation of the thus-configured wind power generator 

1 is substantially the same as that of the first embodiment, 

and a redundant description thereof will be omitted here.  

[0042] 

The present invention is not limited to the embodiments 

described above; it may be changed without departing from the 

spirit thereof.
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CLAIMS 

1. A wind turbine blade formed by bonding a back skin and a 

front skin and having a serrated plate attached to a trailing 

edge thereof, the serrated plate having a serrated portion on 

a rear side thereof, 

wherein the serrated plate is formed so as to be attached 

by bonding the back skin and the front skin.  

2. The wind turbine blade according to Claim 1, wherein the 

back skin and the front skin are bonded with an adhesive, and 

the serrated plate is inserted between the back skin and the 

front skin and is fixed with the adhesive.  

3. The wind turbine blade according to Claim 2, wherein an 

insertion portion of the serrated plate has at least one 

protrusion protruding toward the back skin and/or the front 

skin.  

4. The wind turbine blade according to Claim 1, wherein the 

serrated plate is formed integrally with one of the back skin 

and the front skin, and an end of the other shell is fitted to 

the shell.  

5. The wind turbine blade according to any one of Claims 1 

to 4, wherein the serrated plate has a shape extending along a
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streamline at the trailing edge.  

6. A wind power generator that generates electricity using 

the wind turbine blade according to any one of Claims 1 to 5.
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ABSTRACT 

An object is to provide a wind turbine blade having a 

serrated plate that can be formed irrespective of the overall 

structure of the blade, that is attached in the optimum shape, 

and that can effectively suppress noise occurring at a 

trailing edge thereof, and also to provide a wind power 

generator using such a wind turbine blade. Provided is a wind 

turbine blade (9) formed by bonding a back skin (19) and a 

front skin (21) and having a serrated plate (35) attached to a 

trailing edge (33) thereof, and the serrated plate (35) is 

formed so as to be attached by bonding the back skin (19) and 

the front skin (21).
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