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the inner skin layer(s).
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WIND TURBINE ROTOR BLADE SHELL WITH VARYING FIBER TYPES

FIELD
[0001] The present disclosure relates generally to wind turbines, and more

particularly to wind turbine rotor blade shells having varying fiber types.

BACKGROUND
[0002] Wind power is considered one of the cleanest, most environmentally
friendly energy sources presently available, and wind turbines have gained increased
attention in this regard. A modern wind turbine typically includes a tower, a
generator, a gearbox, a nacelle, and a rotor having a rotatable hub with one or more
rotor blades. The rotor blades capture kinetic energy of wind using known airfoil
principles. The rotor blades transmit the kinetic energy in the form of rotational
energy so as to turn a shaft coupling the rotor blades to a gearbox, or if a gearbox is
not used, directly to the generator. The generator then converts the mechanical
energy to electrical energy that may be deployed to a utility grid.
[0003] The rotor blades generally include a suction side shell and a pressure side
shell typically formed using molding processes that are bonded together at bond lines
along the leading and trailing edges of the blade. Further, the pressure and suction
shells are relatively lightweight and have structural properties (e.g., stiffness, buckling
resistance and strength) which are not configured to withstand the bending moments
and other loads exerted on the rotor blade during operation. Thus, to increase the
stiffness, buckling resistance and strength of the rotor blade, the body shell is
typically reinforced using one or more structural components (e.g. opposing spar caps
with a shear web configured therebetween) that engage the inner pressure and suction
side surfaces of the shell halves. The rotor blade shells are typically constructed of a
laminate having sandwich-panel configuration that includes low stiffness glass fibers.
[0004] As wind turbines continue to increase in size, the rotor blades also increase
in size. Thus, larger rotor blades may be constructed in segments that can be
assembled on site at one or more joints. Longer rotor blades make the use of higher
quality, stiffer, and lighter but more expensive materials more necessary. The extra

weight of the joints also increases the need for lighter materials to compensate for the
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extra weight of the joints. However, current rotor blades have only been able to use
lighter and stiffer materials in spar caps as such materials typically do not allow for a
wave-free layup of the fibers when constructing the blade shells. As such, the
possible maximal stiffness is limited by the aspect ratio of the waves, introduced by
the process to construct the shells.

[0005] Accordingly, the present disclosure is directed to an improved wind
turbine rotor blade shell having varying fiber types and method of manufacturing
same that includes stiffer and lighter materials, but that limits such material to areas of

the shell that can be produced with the required wave-free layup quality.

BRIEF DESCRIPTION
[0006] Aspects and advantages of the invention will be set forth in part in the
following description, or may be obvious from the description, or may be learned
through practice of the invention.
[0007] In one aspect, the present disclosure is directed to a rotor blade for a wind
turbine. The rotor blade includes at least one blade segment having at least one shell
member defining an airfoil surface. The shell member(s) includes a sandwich panel
configuration having one or more inner skin layers, a core material, and one or more
outer skin layers. The outer skin layer(s) includes one or more first fibers, whereas
the inner skin layer(s) includes one or more different second fibers. Further, the first
fiber(s) of the outer skin layer(s) have a higher elastic modulus than the second
fiber(s) of the inner skin layer(s).
[0008] In one embodiment, each of the first fiber(s) of the outer skin layer(s) has a
lighter density than each of the second fiber(s) of the inner skin layer(s). More
specifically, in certain embodiments, the first fiber(s) may be carbon or aramid fibers,
whereas the second fiber(s) may be glass fibers, polymer fibers, wood fibers, bamboo
fibers, ceramic fibers, nanofibers, or metal fibers. In another embodiment, the core
material may be, for example, foam or wood.
[0009] In further embodiments, the blade segment(s) may include, at least, a first
blade segment and a second blade segment extending in opposite directions from a
chord-wise joint. In such embodiments, the first blade segment may include a beam

structure extending lengthwise that structurally connects with the second blade
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segment via a receiving section. In additional embodiments, the rotor blade may also
include a plurality of chord-wise joints.

[0010] In another aspect, the present disclosure is directed to a method of
manufacturing a shell member of a rotor blade for a wind turbine. The method
includes placing one or more outer skin layers adjacent to a mold of the shell member.
The outer skin layer(s) include one or more first fibers. The method also includes
placing one or more inner skin layers adjacent to the outer skin layer(s). The inner
skin layer(s) include one or more different, second fibers. Further, the first fiber(s) of
the outer skin layer(s) have a higher elastic modulus than the second fiber(s) of the
inner skin layer(s). The method also includes infusing the outer skin layer(s) and the
inner skin layer(s) together via a resin material to form the shell member. It should be
further understood that the method may also include any of the additional steps and/or
features described herein.

[0011] In yet another aspect, the present disclosure is directed to a method of
manufacturing a shell member of a rotor blade for a wind turbine. The method
includes placing one or more outer skin layers adjacent to a mold of the shell member.
The outer skin layer(s) include one or more first fibers. The method also includes
placing a core material adjacent to the outer skin layer(s). Further, the method
includes placing one or more inner skin layers adjacent to the core material. The
inner skin layer(s) include one or more different, second fibers. Further, a density of
each of the first fiber(s) is lighter than a density of each of the second fiber(s). The
method also includes infusing the outer skin layer(s), the core material, and the inner
skin layer(s) together via the resin material. It should be further understood that the
method may also include any of the additional steps and/or features described herein.
[0012] These and other features, aspects and advantages of the present invention
will become better understood with reference to the following description and
appended claims. The accompanying drawings, which are incorporated in and
constitute a part of this specification, illustrate embodiments of the invention and,

together with the description, serve to explain the principles of the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0013] A full and enabling disclosure of the present invention, including the best
mode thereof, directed to one of ordinary skill in the art, is set forth in the
specification, which makes reference to the appended figures, in which:
[0014] FIG. 1 illustrates a perspective view of one embodiment of a wind turbine
according to the present disclosure;
[0015] FIG. 2 illustrates a plan view of one embodiment of a rotor blade having a
first blade segment and a second blade segment according to the present disclosure;
[0016] FIG. 3 illustrates a perspective view of a section of one embodiment of the
first blade segment according to the present disclosure;
[0017] FIG. 4 illustrates a perspective view of one embodiment of a section of the
second blade segment at the chord-wise joint according to the present disclosure;
[0018] FIG. 5 illustrates an assembly of one embodiment of the rotor blade of the
wind turbine having the first blade segment joined with the second blade segment
according to the present disclosure;
[0019] FIG. 6 illustrates an exploded perspective view of one embodiment of the
multiple supporting structures of the assembly of the rotor blade of the wind turbine
according to the present disclosure;
[0020] FIG. 7A illustrates a side view of one embodiment of a segmented rotor
blade according to the present disclosure, particularly illustrating an optional joint
location of the segmented rotor blade;
[0021] FIG. 7B illustrates a side view of another embodiment of a segmented
rotor blade according to the present disclosure, particularly illustrating another
optional joint location of the segmented rotor blade;
[0022] FIG. 7C illustrates a side view of still another embodiment of a segmented
rotor blade according to the present disclosure, particularly illustrating a rotor blade
having multiple joints;
[0023] FIG. 7D illustrates a side view of one embodiment of a non-segmented
rotor blade according to the present disclosure;
[0024] FIG. 8 illustrates a perspective view of one embodiment of a shell member

of a rotor blade according to the present disclosure;
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[0025] FIG. 9 illustrates a cross-sectional view of the shell member of FIG. 8
along section line 8-8;

[0026] FIG. 10A illustrates a perspective view of one embodiment of two molds
for shell members of a rotor blade according to the present disclosure;

[0027] FIG. 10B illustrates a perspective view of an outer skin layer placed atop
the two molds of the shell members of FIG. 10A;

[0028] FIG. 10C illustrates a perspective view of a core material placed atop the
outer skin layer of the shell members of FIG. 10B;

[0029] FIG. 10D illustrates a perspective view of an inner skin layer placed atop
the core material of the shell members of FIG. 10C; and

[0030] FIG. 10E illustrates a perspective view of one embodiment of a completed

rotor blade that includes two shell members according to the present disclosure.

DETAILED DESCRIPTION
[0031] Reference now will be made in detail to embodiments of the invention,
one or more examples of which are illustrated in the drawings. Each example is
provided by way of explanation of the invention, not limitation of the invention. In
fact, it will be apparent to those skilled in the art that various modifications and
variations can be made in the present invention without departing from the scope or
spirit of the invention. For instance, features illustrated or described as part of one
embodiment can be used with another embodiment to yield a still further
embodiment. Thus, it is intended that the present invention covers such modifications
and variations as come within the scope of the appended claims and their equivalents.
[0032] Referring now to the drawings, FIG. 1 illustrates a perspective view of one
embodiment of a wind turbine 10 according to the present invention. In the illustrated
embodiment, the wind turbine 10 is a horizontal-axis wind turbine. Alternatively, the
wind turbine 10 may be a vertical-axis wind turbine. In addition, as shown, the wind
turbine 10 may include a tower 12 that extends from a support surface 14, a nacelle 16
mounted on the tower 12, a generator 18 positioned within the nacelle 16, a gearbox
20 coupled to the generator 18, and a rotor 22 that is rotationally coupled to the
gearbox 20 with a rotor shaft 24. Further, as shown, the rotor 22 includes a rotatable

hub 26 and at least one rotor blade 28 coupled to and extending outward from the
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rotatable hub 26. As shown, the rotor blade 28 includes a blade tip 17 and a blade
root 19.

[0033] Referring now to FIG. 2, a plan view of one of the rotor blades 28 of FIG.
1 is illustrated. As shown, the rotor blade 28 may include a first blade segment 30
and a second blade segment 32. Further, as shown, the first blade segment 30 and the
second blade segment 32 may each extend in opposite directions from a chord-wise
joint 34. In addition, as shown, each of the blade segments 30, 32 may include a
pressure side shell member and a suction side shell member. The first blade segment
30 and the second blade segment 32 are connected by at least an internal support
structure 36 extending into both blade segments 30, 32 to facilitate joining of the
blade segments 30, 32. The arrow 38 shows that the segmented rotor blade 28 in the
illustrated example includes two blade segments 30, 32 and that these blade segments
30, 32 are joined by inserting the internal support structure 36 into the second blade
segment 32.

[0034] Referring now to FIG. 3, a perspective view of a section of the first blade
segment 30 according to the present disclosure is illustrated. As shown, the first blade
segment 30 includes a beam structure 40 that forms a portion of the internal support
structure 36 and extends lengthwise for structurally connecting with the second blade
segment 32. Further, as shown, the beam structure 40 forms a part of the first blade
segment 30 having an extension protruding from a spar section 42, thereby forming an
extending spar section. The beam structure 40 includes a shear web 44 connected
with a suction side spar cap 46 and a pressure side spar cap 48.

[0035] Moreover, as shown, the first blade segment 30 may include one or more
first pin joints at a first end 54 of the beam structure 40. In one embodiment, the pin
joint may include a pin that is in a tight interference fit with a bushing. More
specifically, as shown, the pin joint(s) may include one pin tube 52 located on the
beam structure 40. Thus, as shown, the pin tube 52 may be oriented in a span-wise
direction. Further, the first blade segment 30 may also include a pin joint slot 50
located on the beam structure 40 at the chord-wise joint 34. Moreover, as shown, the
pin joint slot 50 may be oriented in a chord-wise direction.

[0036] Referring now to FIG. 4, a perspective view of a section of the second

blade segment 32 at the chord-wise joint 34 according to the present disclosure is
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illustrated. As shown, the second blade segment 32 includes a receiving section 60
extending lengthwise within the second blade segment 32 for receiving the beam
structure 40 of the first blade segment 30. Further, as shown, the receiving section 60
may include the spar structures 66 that extend lengthwise for connecting with the
beam structure 40 of the first blade segment 30.

[0037] Referring now to FIG. 5, an assembly 70 of the rotor blade 28 having the
first blade segment 30 joined with the second blade segment 32 according to the
present disclosure is illustrated. As shown, the assembly 70 illustrates multiple
supporting structures beneath outer shell members of the rotor blade 28 having the
first blade segment 30 joined with the second blade segment 32. Further, as shown,
the receiving section 60 includes the multiple spar structures 66 extending lengthwise
and supports the beam structure 40. The receiving section 60 also includes a
rectangular fastening element 72 that connects with the pin tube 52 of the beam
structure 40 in the span-wise direction. Further, the first and the second blade
segments 30, 32 may also include chord-wise members 74, 76 respectively at the
chord-wise joint 34. In another embodiment, each of the spar structures 66, the
rectangular fastening element 72, and the chord-wise members 74, 76 may be
constructed of glass reinforced fibers.

[0038] Referring now to FIG. 6, an exploded perspective view of the multiple
supporting structures of the assembly 70 towards the receiving section 60 of the rotor
blade 28 is illustrated. As shown, the spar structures 66 are configured to receive the
beam structure 40 and may include pin joint slots 82, 84 that are aligned with the pin
joint slot 50 of the beam structure 40 through which a chord-wise extending pin 62
may be inserted. Further, as shown, the chord-wise extending pin 62 may be
configured to remain in a tight interference fit within the aligning pin joint slots 82,
50, 84 such that spar structures 66 and the beam structure 40 are joined together
during assembly. Further, FIG. 6 also illustrates the rectangular fastening element 72
that includes a pin joint slot 86 configured for receiving the pin tube 52 of the beam
structure 40. As such, the pin tube 52 is configured to form a tight interference fit
pined joint. Further, the pair of spar structures 66 may be joined together at one end
88 using any suitable adhesive material and/or an elastomeric seal.

[0039] Referring now to FIGS. 2 and 7A-7D, various embodiments of the rotor
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blade 28 described herein are illustrated. As shown, the rotor blade 28 may be
segmented (FIGS. 2 and 7A-7C) or non-segmented (FIG. 7D). In addition, as shown
in FIG. 2, the rotor blade 28 may include a single chord-wise joint 34. Alternatively,
as shown in FIGS. 7A-7C, the rotor blade 28 may include a plurality of chord-wise
joints 34. As such, it should be understood that the shell member of the rotor blade 28
described herein may be part of a jointed rotor blade and/or a non-jointed rotor blade.
[0040] Referring particularly to FIGS. 8 and 9, various views of one embodiment
of a shell member 35 of the various blade segments of the rotor blade 28 of the wind
turbine 10 according to the present disclosure are illustrated. As shown particularly in
FIG. 8, the shell member 35 defines an airfoil surface 37 of the rotor blade 28. In
addition, as shown in FIG. 9, the shell member(s) 35 may be constructed of a
sandwich panel configuration having one or more inner skin layers 78, a core material
80, and one or more outer skin layers 82. Further, as shown, the outer skin layer(s) 82
includes one or more first fibers 84, whereas the inner skin layer(s) 78 includes one or
more different, second fibers 86. Moreover, as shown, the first fiber(s) 84 of the outer
skin layer(s) 82 have a higher elastic modulus than the second fiber(s) 86 of the inner
skin layer(s) 78.

[0041] In addition, each of the first fiber(s) 84 of the outer skin layer(s) 82 may
have a lighter density than each of the second fiber(s) 86 of the inner skin layer(s) 78.
For example, in certain embodiments, the first fiber(s) 84 may be carbon or aramid
fibers, whereas the second fiber(s) 86 may be glass fibers, polymer fibers, wood
fibers, bamboo fibers, ceramic fibers, nanofibers, or metal fibers. In another
embodiment, the core

[0042] Referring now to FIGS. 10A-10E, process steps for manufacturing a shell
member of a rotor blade for a wind turbine according to the present disclosure is
illustrated. In general, the method 100 will be described herein with reference to the
wind turbine 10 and the rotor blade 28 shown in FIGS. 1-9. However, it should be
appreciated that the disclosed method 100 may be implemented with rotor blades
having any other suitable configurations.

[0043] As shown in FIG. 10A, the method of manufacturing the shell member 35
may include providing a mold 88 of the shell member 5. For example, as shown, a

pair of mold halves is provided for each of the pressure and suction side shell
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members. In addition, as shown in FIG. 10B, the method of manufacturing the shell
member 35 may include placing one or more outer skin layers 82 adjacent to (or atop)
a mold 88 of the shell member 35. Further, as shown, the outer skin layer(s) 82
include one or more first fibers 84. Further, as shown in FIG. 10C, the method of
manufacturing the shell member 35 may include placing the core material 80 adjacent
to the outer skin layer(s) 82. Moreover, as shown in FIG. 10D, the method of
manufacturing the shell member 35 may include placing one or more inner skin layers
78 adjacent to the core material 80. Further, as shown, the inner skin layer(s) 78
include one or more different, second fibers 86. In addition, as mentioned, each of the
first fiber(s) 84 of the outer skin layer(s) 82 has a higher elastic modulus and/or a
lighter density than each of the second fiber(s) 86 of the inner skin layer(s) 78. Thus,
as shown in FIG. 10E, the method of manufacturing the shell member 35 may include
infusing the outer skin layer(s) 82, the core material 80, and the inner skin layer(s) 78
together via a resin material to form one of the shell members 35 that can then be used
to form the rotor blade 28.

[0044] The skilled artisan will recognize the interchangeability of various features
from different embodiments. Similarly, the various method steps and features
described, as well as other known equivalents for each such methods and feature, can
be mixed and matched by one of ordinary skill in this art to construct additional
systems and techniques in accordance with principles of this disclosure. Of course, it
is to be understood that not necessarily all such objects or advantages described above
may be achieved in accordance with any particular embodiment. Thus, for example,
those skilled in the art will recognize that the systems and techniques described herein
may be embodied or carried out in a manner that achieves or optimizes one advantage
or group of advantages as taught herein without necessarily achieving other objects or
advantages as may be taught or suggested herein.

[0045] While only certain features of the invention have been illustrated and
described herein, many modifications and changes will occur to those skilled in the
art. It is, therefore, to be understood that the appended claims are intended to cover
all such modifications and changes as fall within the true spirit of the invention.
[0046] This written description uses examples to disclose the invention, including

the best mode, and also to enable any person skilled in the art to practice the
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invention, including making and using any devices or systems and performing any
incorporated methods. The patentable scope of the invention is defined by the claims,
and may include other examples that occur to those skilled in the art. Such other
examples are intended to be within the scope of the claims if they include structural
elements that do not differ from the literal language of the claims, or if they include
equivalent structural elements with insubstantial differences from the literal languages

of the claims.
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WHAT IS CLAIMED IS:

1. A rotor blade for a wind turbine, comprising:

at least one blade segment comprising at least one shell member defining an
airfoil surface, the at least one shell member comprising a sandwich panel
configuration, the sandwich panel configuration comprising one or more inner skin
layers, a core material, and one or more outer skin layers, the one or more outer skin
layers comprising one or more first fibers, the one or more inner skin layers
comprising one or more second fibers,

wherein the one or more first fibers are different than the one or more second
fibers, the one or more first fibers of the one or more outer skin layers comprising a
higher elastic modulus than an elastic modulus of the one or more second fibers of the
one or more inner skin layers.

2. The rotor blade of claim 1, wherein each of the one or more first fibers
of the one or more outer skin layers comprises a lighter density than each of the one
or more second fibers of the one or more inner skin layers.

3. The rotor blade of claim 1, wherein the one or more first fibers
comprise carbon or aramid fibers.

4. The rotor blade of claim 1, wherein the one or more second fibers
comprise glass fibers, polymer fibers, wood fibers, bamboo fibers, ceramic fibers,
nanofibers, or metal fibers.

5. The rotor blade of claim 1, wherein the core material comprises at least
one of foam or wood.

6. The rotor blade of claim 1, wherein the at least one blade segment
comprises, at least, a first blade segment and a second blade segment extending in
opposite directions from a chord-wise joint, the first blade segment comprising a
beam structure extending lengthwise that structurally connects with the second blade
segment via a receiving section.

7. The rotor blade of claim 6, further comprising a plurality of chord-wise
joints.

8. A method of manufacturing a shell member of a rotor blade for a wind

turbine, comprising:

11
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placing one or more outer skin layers adjacent to a mold of the shell member,
the one or more outer skin layers comprising one or more first fibers;

placing one or more inner skin layers adjacent to the one or more outer skin
layers, the one or more inner skin layers comprising one or more second fibers, the
one or more first fibers being different than the one or more second fibers, the one or
more first fibers of the one or more outer skin layers comprising a higher elastic
modulus than the one or more second fibers of the one or more inner skin layers; and,

infusing the one or more outer skin layers and the one or more inner skin
layers together via a resin material to form the shell member.

9. The method of claim 8, further comprising placing a core material
between the one or more outer skin layers and the one or more inner skin layers and
infusing the one or more outer skin layers, the core material, and the one or more
inner skin layers together via the resin material.

10. The method of claim 9, wherein the core material comprises at least
one of foam or wood.

11. The method of claim 8, wherein the resin material comprises at least
one of a thermoset material and a thermoplastic material.

12. The method of claim 8, wherein each of the one or more first fibers of
the one or more outer skin layers comprises a lighter density than each of the one or
more second fibers of the one or more inner skin layers.

13. The method of claim 8, wherein the one or more first fibers comprise
carbon or aramid fibers.

14. The method of claim 8, wherein the one or more second fibers
comprise glass fibers, polymer fibers, wood fibers, bamboo fibers, ceramic fibers,
nanofibers, or metal fibers.

15. The method of claim 8, wherein the at least one blade segment
comprises, at least, a first blade segment and a second blade segment extending in
opposite directions from a chord-wise joint, the first blade segment comprising a
beam structure extending lengthwise that structurally connects with the second blade
segment via a receiving section.

16. The method of claim 15, further comprising a plurality of chord-wise

joints.

12
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17. A method of manufacturing a shell member of a rotor blade for a wind
turbine, comprising:

placing one or more outer skin layers adjacent to a mold of the shell member,
the one or more outer skin layers comprising one or more first fibers;

placing a core material adjacent to the one or more outer skin layers;

placing one or more inner skin layers adjacent to the core material, the one or
more inner skin layers comprising one or more second fibers, the one or more first
fibers being different than the one or more second fibers, wherein a density of each of
the one or more first fibers is lighter than a density of each of the one or more second
fibers; and,

infusing the one or more outer skin layers, the core material, and the one or
more inner skin layers together via the resin material.

18. The method of claim 17, wherein each of the one or more first fibers of
the one or more outer skin layers comprises a higher elastic modulus than each of the
one or more second fibers of the one or more inner skin layers.

19. The method of claim 17, wherein the one or more first fibers comprise
carbon or aramid fibers.

20. The method of claim 17, wherein the one or more second fibers
comprise glass fibers, polymer fibers, wood fibers, bamboo fibers, ceramic fibers,

nanofibers, or metal fibers.
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