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(57) Abstract: The present disclosure is directed to a method for forming
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prefabricated skin panels partially overlap to define a connection region. A
vacuum bag is placed over the mold. The connection region is infused with
a resin,
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METHOD FOR FORMING A ROTOR BLADE FOR A WIND TURBINE

FIELD OF THE TECHNOLOGY
[0001] The present disclosure generally relates to wind turbines. More particularly, the present

disclosure relates to methods of forming rotor blades for wind turbines.

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 nacelle mounted on the tower, a generator
positioned in the nacelle, and one or more rotor blades. The one or more rotor blades convert kinetic
energy of wind into mechanical energy using known airfoil principles. A shaft transmits the
mechanical energy from the rotor blades to the generator. The generator then converts the
mechanical energy to electrical energy that may be supplied to a utility grid.
[0003] Each rotor blade is generally formed from a plurality of shell portions that are bonded
together to form the exterior aerodynamic shape of the rotor blade. In this respect, the shell portions
define the skin of the rotor blade. One or more structural components, such as spar caps and shear
webs, may be positioned within an interior cavity defined by the shell portions. In particular, the
structural components engage the shell portions to increase the stiffness, buckling resistance, and/or
strength of the rotor blade.
[0004] Conventional rotor blades, and more specifically the shell portions, are expensive to
manufacture. In particular, conventional shell portions are typically formed by placing a series of
layers of an infusible material, such as an infusible glass fiber fabric, in a purpose-built mold. Once
sufficient infusible material is laid in the mold to form a shell portion, the structural components may
be placed in the mold. The mold is then bagged so that the layers of infusible material forming the
shell portion may infused with a suitable resin. After infusion, the rotor blade is cured. The time-
consuming nature of this process, and more specifically the infusion process, results in a relatively
high cost to produce the shell portions and, in turn, the rotor blades. Furthermore, it is generally
necessary to fabricate conventional shell portions in a single facility employing expensive and time-
consuming manufacturing processes.
[0005] Accordingly, improved wind turbines, and, in particular, improved shell portions for wind
turbine rotor blades, are desired in the art. Specifically, shell portions that do not require the use of a
time consuming manufacturing process and that are relatively less expensive to manufacture would

be advantageous.
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BRIEF DESCRIPTION OF THE TECHNOLOGY
[0006] Aspects and advantages of the technology 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
technology.
[0007] In one embodiment, the present disclosure is directed to a method for forming a wind
turbine rotor blade. The method includes placing first and second prefabricated skin panels defining
a portion of a root section of the wind turbine rotor blade, a pressure side of the wind turbine rotor
blade, or a suction side of the wind turbine rotor blade in a mold. The first prefabricated skin panel
partially overlaps or is positioned adjacent to the second prefabricated panel to define a connection
region. A vacuum bag is placed over the mold. The connection region is infused with a resin.
[0008] In another embodiment, the present disclosure is directed to a method for forming a wind
turbine rotor blade. The method includes placing first and second prefabricated skin panels defining
a portion of a root section of the wind turbine rotor blade, a pressure side of the wind turbine rotor
blade, or a suction side of the wind turbine rotor blade in a mold. The first prefabricated skin panel
partially overlaps or is positioned adjacent to the second prefabricated skin panel to define a
connection region. A dry fiber mat is placed in the connection region and is in contact with the first
and second prefabricated skin panels. A vacuum bag is placed over the mold. The connection
region is sealed with one or more seals. The connection region is infused with a resin.
[0009] In a further embodiment, the present disclosure is directed to a method for forming a wind
turbine rotor blade. The method includes forming first and second prefabricated skin panels defining
a portion of a root section of the wind turbine rotor blade, a pressure side of the wind turbine rotor
blade, or a suction side of the wind turbine rotor blade at one or more remote facilities. The first and
second prefabricated skin panels are transported to a central facility. The first and second
prefabricated skin panels are placed in a mold. The first prefabricated skin panel partially overlaps
or is positioned adjacent to the second prefabricated skin panel to define a connection region. A
vacuum bag is placed over the mold. The connection region is infused with a resin.
[0010] These and other features, aspects and advantages of the present technology 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 technology and, together with the description, serve to explain the

principles of the technology.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0011] A full and enabling disclosure of the present technology, 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 FIGS., in which:
[0012] FIG. 1 is a perspective view of an exemplary wind turbine in accordance with
embodiments of the present disclosure;
[0013] FIG. 2 is a perspective view of an exemplary rotor blade in accordance with embodiments
of the present disclosure;
[0014] FIG. 3 is a cross-sectional view of the rotor blade taken generally about line 3-3 shown in
FIG. 2, illustrating shell portions of the rotor blade in accordance with embodiments of the present
disclosure;
[0015] FIG. 4 is a top view of one of the shell portions shown in FIG. 3, illustrating a plurality of
prefabricated skin panels in accordance with embodiments of the present disclosure;
[0016] FIG. 5 is a flow chart illustrating an embodiment of a method for forming a rotor blade in
accordance with embodiments of the present disclosure;
[0017] FIG. 6 is a perspective view of placing prefabricated skin panels in a mold in accordance
with embodiments of the present disclosure;
[0018] FIG. 7 is a cross-sectional view of one embodiment of a connection region of the first and
second prefabricated skin panels in accordance with embodiments of the present disclosure;
[0019] FIG. 8 is a perspective view of placing a dry infusible fabric into the mold in accordance
with embodiments of the present disclosure;
[0020] FIG. 9 is a perspective view of placing a structural component in the mold in accordance
with embodiments of the present disclosure;
[0021] FIG. 10 is a cross-sectional view of the structural member after placement in the mold in
accordance with embodiments of the present disclosure;
[0022] FIG. 11 is a perspective view of placing a vacuum bag over the mold in accordance with
embodiments of the present disclosure;
[0023] FIG. 12 is a perspective view of sealing the connection region in accordance with
embodiments of the present disclosure;
[0024] FIG. 13 is a flow chart illustrating an another embodiment of a method for forming a
rotor blade in accordance with embodiments of the present disclosure;
[0025] FIG. 14 is a schematic view illustrating the method shown in FIG. 13 in accordance with

embodiments of the present disclosure; and
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[0026] FIG. 15 is a cross-sectional view of another embodiment of the connection region of the
first and second prefabricated skin panels in accordance with embodiments of the present disclosure.
[0027] Repeat use of reference characters in the present specification and drawings is intended to

represent the same or analogous features or elements of the present technology.

DETAILED DESCRIPTION OF THE TECHNOLOGY
[0028] Reference will now be made in detail to present embodiments of the technology, one or
more examples of which are illustrated in the accompanying drawings. The detailed description uses
numerical and letter designations to refer to features in the drawings. Like or similar designations in
the drawings and description have been used to refer to like or similar parts of the technology. As
used herein, the terms “first”, “second”, and “third” may be used interchangeably to distinguish one
component from another and are not intended to signify location or importance of the individual
components.
[0029] Each example is provided by way of explanation of the technology, not limitation of the
technology. In fact, it will be apparent to those skilled in the art that modifications and variations
can be made in the present technology without departing from the scope or spirit thereof. For
instance, features illustrated or described as part of one embodiment may be used on another
embodiment to yield a still further embodiment. Thus, it is intended that the present technology
covers such modifications and variations as come within the scope of the appended claims and their
equivalents.
[0030] Referring now to the drawings, FIG. 1 illustrates a perspective view of one embodiment
of an exemplary wind turbine 10 in accordance with the present disclosure. As shown, the wind
turbine 10 generally includes a tower 12 extending from a support surface 14, a nacelle 16 mounted
on the tower 12, and a rotor 18 coupled to the nacelle 16. The rotor 18 includes a rotatable hub 20
and at least one rotor blade 22 coupled to and extending outwardly from the hub 20. For example, in
the embodiment shown in FIG. 1, the rotor 18 includes three rotor blades 22. In alternative
embodiments, however, the rotor 18 may include more or less than three rotor blades 22. Each rotor
blade 22 may be spaced about the hub 20 to facilitate rotating the rotor 18 to convert kinetic energy
from the wind into usable mechanical energy, and subsequently, electrical energy. For instance, the
hub 20 may be rotatably coupled to an electric generator 24 positioned within the nacelle 16.
[0031] FIG. 2 illustrates a perspective view of one embodiment the rotor blade 22 in accordance
with the present disclosure. As shown, the rotor blade 22 includes a blade root 26 that couples to the
rotatable hub 20 (FIG. 1) and a blade tip 28 disposed opposite the blade root 26. The rotor blade 22

may also include a pressure side 30 and a suction side 32 extending between a leading edge 34 and a
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trailing edge 36. Additionally, the rotor blade 22 may include a span 38 defining the total length
between the blade root 26 and the blade tip 28 and a chord 40 defining the total length between the
leading edge 34 and the trailing edge 36. In general, the chord 40 may vary in length along the span
38 as the rotor blade 22 extends from the blade root 26 to the blade tip 28.

[0032] Referring now to FIG. 3, the rotor blade 22 may be formed from a shell 42. In some
embodiments, the shell 42 includes a first shell portion 44 and a second shell portion 46 coupled
(e.g., adhesively coupled) at or proximate to the leading edge 34 and the trailing edge 36 of the rotor
blade 22. In this respect, the first and second shell portions 44, 46 may extend along the entire span
38 and/or the entire chord 40. In alternate embodiments, however, the shell 42 may include more or
fewer shell portions and/or the shell portions may be joined at different positions on the rotor blade
22. Furthermore, each shell portion may in some embodiments extend for only a portion of the span
38 and/or the chord 40.

[0033] As shown in FIG. 3, the shell 42 includes exterior surfaces defining the various sides and
edges of the rotor blade 22. More specifically, the first shell portion 44 includes an exterior surface
48 that defines the pressure side 30 of the rotor blade 22. The second shell portion 46 includes an
exterior surface 50 that defines the suction side 32 of the rotor blade 22. In the embodiment shown
in FIG. 3, the first and second shell portions 44, 46 couple together such that the second shell portion
46 defines the leading edge 34 and/or the first shell portion 44 defines the trailing edge 36. In
alternate embodiments, however, the first shell portion 44 may define the leading edge 34, and the
second shell portion 46 may define the trailing edge 36. In further embodiments, the first and second
shell portions 44, 46 may both define the leading edge 34 and the trailing edge 36.

[0034] The shell 42 defines an interior cavity 52 therein. That is, the rotor blade 22 is generally
hollow. In the embodiment shown in FIG. 3, the first shell portion 44 defines an interior surface 54
and the second shell portion 46 defines an interior surface 56. In this respect, the interior surfaces
54, 56 of the first and second shell portions 44, 46 circumscribe the interior cavity 52. As will be
discussed in greater detail below, various structural components may be positioned in the interior
cavity 52.

[0035] In the embodiment shown in FIG. 3, the rotor blade 22 includes spar caps 58, 60
positioned in the interior cavity 52. In particular, a first spar cap 58 couples (e.g., adhesively) to the
interior surface 54 of the first shell portion 44. A second spar cap 60 couples (e.g., adhesively) to the
interior surface 56 of the second shell portion 46. In this respect, the first and second spar caps 58,
60 may generally resist bending stresses and/or other loads acting on the rotor blade 22 in a span-
wise direction (i.e., a direction parallel to the span 38 of the rotor blade 22) during operation of a

wind turbine 10. Furthermore, the first and second spar caps 58, 60 may resist span-wise
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compression of the rotor blade 22 occurring during operation of the wind turbine 10. The first and
second spar caps 58, 60 may extend along the span 38 from the blade root 26 to the blade tip 28 or a
portion thereof. The rotor blade 22 may include zero, one, three, four, or more spar caps 58, 60.
[0036] The rotor blade 22 may also include one or more shear webs 62 extending through the
interior cavity 52 in the span-wise direction in certain embodiments. Each shear web 62 includes a
first side 64 that couples to the first shell portion 44 and a second side 66 that couples to the second
shell portion 46. In this respect, the shear webs 62 resist shear forces exerted on the first and second
shell portions 44, 46. In the embodiment shown in FIG. 3, rotor blade 22 includes one shear web 62
directly connected (e.g., bonded) to first and second spar caps 58, 60. In alternate embodiments,
however, the rotor blade 22 may include more shear webs 62 and/or the shear webs 62 may be
directly connected (e.g., bonded) to the interior surfaces 54, 56 of the first and second shell portions
44, 46. In further embodiments, the shear webs 62 may extend in the chord-wise direction (i.e., a
direction parallel to the chord 40 of the rotor blade 22).

[0037] Referring now to FIG. 4, the first and/or second shell portions 44, 46 of the rotor blade 22
may be formed from a plurality of prefabricated skin panels (“panels™) 68, 70, 72, 74. More
specifically, each panel 68, 70, 72, 74 defines a portion of the blade root 26, the pressure side 30,
and/or the suction side 32 of the rotor blade 22. Each panel 68, 70, 72, 74 has the desired final
dimensions and shape of the corresponding portion of the first or second shell portions 44, 46.
Furthermore, each panel 68, 70, 72, 74 is cured or otherwise in a final manufacturing state. That is,
all necessary manufacturing operations have been performed to put the panels 68, 70, 72, 74 in a
finished state. In this respect, each panel 68, 70, 72, 74 need only be joined to another panel 68, 70,
72, 74 or to some other skin panel to form the finished shell portion 44, 46 of the rotor blade 22.
[0038] In the embodiment illustrated in FIG. 4, the shell portions 44, 46 include a first panel 68,
a second panel 70, a third panel 72, and a fourth panel 74. As shown, each panel 68, 70, 72, 74
extends for the entirety of the chord 40, but only a portion of the span 38. As such, the panels 68, 70,
72, 74 may be arranged along the span-wise direction. In alternate embodiments, however, the shell
portions 44, 46 may include more or fewer panels 68, 70, 72, 74. Additionally, the panels 68 may
occupy different portions of the span 38 and/or the chord 40 and/or the panels 68 may be arranged
differently form the shell portions 44, 46.

[0039] FIG. 5 illustrates one embodiment of a method 100 for forming a rotor blade, such as the
rotor blade 22, in accordance with the present disclosure. FIGS. 6-12 illustrate various aspects and
embodiments of the method 100.

[0040] In step 102, the first and second panels 68, 70 are placed in a mold 200. In the
embodiment shown in FIG. 6, the first, second, third, and fourth panels 68, 70, 72, 74 are placed on
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an inner surface 202 of the mold 200. In some embodiments, a release agent, such as a wax, may be
applied to a portion of or the entirety of the panels 68, 70, 72, 74 before placement in the mold 200.
As shown, the panels 68, 70, 72, 74 may be arranged along the span-wise direction to form the shell
portions 44, 46. In alternate embodiments, the panels 68, 70, 72, 74 may be arranged in any suitable
manner in the mold 200 to form the first or second shell portions 44, 46 or any portion thereof.
Furthermore, more or fewer prefabricated panels 68, 70, 72, 74 may be placed in the mold 200 than
shown in FIG. 6.

[0041] Each of the panels 68, 70, 72, 74 partially overlaps or is positioned adjacent to one of the
other panels 68, 70, 72, 74 to define a connection region 204. In this respect, the first and second
panels 68, 70 overlap to define one connection region 204. The second and third panels 70, 72
overlap to define another connection region 204. The third and fourth panels 72, 74 overlap to
define a further connection region 204.

[0042] FIG. 7 illustrates one embodiment of the connection region 204 between the first and
second panels 68, 70. More specifically, a portion of the first panel 68 overlaps a portion of the
second panel 70. In this respect, the first and second panels 68, 70 may include features that permit
the first and second panels 68, 70 to overlap, while still maintaining the desired thickness of the
corresponding shell portion 44, 46. For example, the first and second panels 68, 70 may respectively
include complementary narrowing ends 206, 208 as shown in FIG. 7. The ends 206, 208 mate or
otherwise couple without increasing thickness of the corresponding shell portion 44, 46. In some
embodiments, a peel ply layer 210 may be coupled to the first panel 68, the second panel 70 (as
shown in FIG. 7), or both to facilitate mating. In exemplary embodiments, the peel ply layer 210
may be a woven material used to increase the roughness of a surface to facilitate bonding.

[0043] FIG. 15 illustrates another embodiment of the connection region 204 between the first and
second panels 68, 70. As shown, the first panel 68 is positioned adjacent to the second panel 70.
There may be a gap 246 between the first and second panels 68, 70. Alternately, the first panel 68
may be in contact with the second panel 70.

[0044] As mentioned above, the panels 68, 70, 72, 74 are placed in the mold 200. In particular,
the mold 200 may be any mold configured for forming the shell portions 44, 46 using conventional
methods. Specifically, the mold 200 may be configured to receive dry infusible material, such a
fiber reinforced fabric, which is then infused with a resin (e.g., a thermoplastic or thermoset resin)
and cured to form one of the shell portions 44, 46. Furthermore, the mold 200 is preferably a single,
integrally formed component. In alternate embodiments, however, the mold 200 may be formed in

any suitable manner.
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[0045] Referring again to FIG. 7, some embodiments of the mold 200 may include one or more
locating features 212. More specifically, the locating features 212 may be used to position one or
more of the panels 68, 70, 72, 74 on the inner surface 202 of the mold 200. In this respect, the
locating features 212 may be bumps (as shown in FIG. 7), pins, tabs, or any other suitable feature
extending outward from an inner surface 202 of the mold 200.

[0046] In step 104, a dry fiber mat 214 or other dry infusible material is placed in the connection
region 204. The dry fiber mat 214 has not yet been infused with or otherwise exposed to resin. In
the embodiment shown in FIG. 7, the fiber mat 214 may be placed in the connection region 204
between the ends 206, 208 of the first and second panels 68, 70. In the embodiment shown in FIG.
15, the fiber mat 214 may be placed on top of the first and second panels 68, 70 to bridge the gap
246. The fiber mat 214 may also be placed on underneath the first and second panels 68, 70 on the
inner surface 202 of the mold 200. The dry fiber mat 214 may be placed in the connection region
204 of any adjacent pair of the panels 68, 70, 72, 74 in other embodiments. As will be discussed in
greater detail below, the fiber mat 214 may improve bonding between the panels 68, 70, 72, 74.
Some embodiments of the method 100 may not include step 104,

[0047] A dry infusible fabric 216 is placed in the mold 200 in step 106. More specifically, the
panels 68, 70, 72, 74 may only form part of the shell portions 44, 46 in certain embodiments. In this
respect, the dry infusible fabric 216 may be used to form the remaining parts of the shell portions 44,
46. In particular, the dry infusible fabric 216 partially overlaps the adjacent prefabricated skin panels
68, 70, 72, 74. In the embodiment shown in FIG. 8, the first and second prefabricated skin panels 68,
70 form part of the shell portions 44, 46. The remainder of the shell portions 44, 46 is formed by
placing the dry infusible fabric 216 into the mold 200 such that the dry infusible fabric 216 partially
overlaps the second prefabricated skin panel 70. The dry infusible fabric 216 has not yet been
infused with or otherwise exposed to resin. Some embodiments of the method 100 may not include
step 106.

[0048] In step 108, a structural component 218 is placed on the first or second panels 68, 70.
Referring now to FIG. 9, the rotor blade 22 may include one or more structural components 218,
which may be the spar caps 60, 62 (FIG. 3), the shear web 62 (FIG. 3), a trailing edge reinforcement
220 (FIG. 10), or any other suitable structural member. The structural components 218 may couple
to one or both of the shell portions 44, 46. In this respect, the structural components 218 may be
placed on the particular panels 68, 70, 72, 74 in the mold 200 that correspond to the part of the shell
portions 44, 46 to which the structural components 218 couple. In the embodiment shown in FIG. 9,

for example, one of the spar caps 60, 62 is placed onto of the panels 68, 70, 72, 74 positioned in the
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mold 200. The structural component 218 may be prefabricated. Some embodiments of the method
100 may not include step 108.

[0049] Referring to FIG. 10, each structural component 218 and the corresponding panel 68, 70,
72, 74 define a joint 222, 224 therebetween. As shown, the spar cap 60, 62 and the panels 68, 70, 72,
74 define a first joint 222 therebetween. Similarly, the trailing edge reinforcement 220 and the
panels 68, 70, 72, 74 define a second joint 224 therebetween. In certain embodiments, dry infusible
fabric 226 may be placed over the structural components 218 as shown in FIG. 10.

[0050] In step 110, a vacuum bag 228 is placed over the mold 200. More specifically, as shown
in FIG. 11, the vacuum bag 228 may be placed over the entirety of the mold 200 and attached (e.g.,
adhesively attached) to a top surface 230 of the mold 200. In alternate embodiments, the vacuum
bag 228 may be placed over only a portion of the mold 200 and/or may be attached to any suitable
portion of the mold 200 in any suitable manner.

[0051] In step 112, the connection regions 204 may be sealed with one or more seals 232, 234,
236, 238. In the embodiment shown in FIG. 12, the connection region 204 is sealed with four seals
232, 234, 236, 238. More specifically, the seal 232 seals between the inner surface 202 of the mold
200 and the bottom surface of the first panel 68. Similarly, the seal 234 seals between the inner
surface 202 of the mold 200 and the bottom surface of the second panel 70. In some embodiments,
the seals 234, 236 are formed from an elastomeric material and coupled to the inner surface 202 of
the mold 200. The seals 236, 238 respectively couple the vacuum bag 228 to the top surface of the
first and second panels 68, 70. The seals 236, 238 may be a tape or other adhesive is certain
embodiments. As shown, the first and second prefabricated panels 68, 70; the mold 200; the vacuum
bag 118; and the seals 232, 234, 236, 238 collectively define an infusion chamber 240. In certain
embodiments, the joint 222, 224 and areas of dry infusible fabric 216, 226 may also be sealed in
accordance with step 212.

[0052] In step 114, the connection regions 204, and, if included, the dry infusible fabric 216,
226 and/or the joints 222, 224, are infused with a resin 242. In the embodiment shown in FIG. 12,
the resin 242 is pumped into the infusion chamber 240 via a port 244 in the vacuum bag 228 to
infuse the connection region 204 positioned therein. In some embodiment, each connection region
204; joint 222, 224; and area of dry infusible fabric 216, 226 may be separately infused. In such
embodiments, the connection regions 204; the joints 222, 224; and/or the areas of dry infusible fabric
216, 226 are sealed in accordance with step 112. As such, the seals 232, 234, 236, 238 prevent the
resin 242 escaping the infusion chamber 240. In alternate embodiments, however, the entire shell
portion 44, 46 may infused. In such embodiments, none of the connection regions 204; the joints

222, 224; or the areas of dry infusible fabric 216, 226 is sealed in accordance with step 112.
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[0053] The resin 242 infused into the connection region 204; the dry infusible fabric 216, 226;
and/or the joints 222, 224 is cured step 116. Upon completion of step 116, the panels 68, 70, 72, 74
are bonded together to form the first or second shell portion 44, 46.

[0054] FIG. 13 illustrates one embodiment of a method 300 for forming a rotor blade, such as the
rotor blade 22, in accordance with the present disclosure. FIG. 14 illustrates various aspects of the
method 300. More specifically, in step 302, the panels 68, 70, 72, 74 are formed at one or more
remote facilities 400. The panels 68, 70, 72, 74 are transported to a central facility 402 in step 304.
Upon completion of step 304, steps 102-116 of method 100 may be performed. The central facility
402 is located at a different geographic location, such as a different city, state, or country, than the
remote facilities 400. In certain embodiments, the central facility 402 may generally have a greater
level of sophistication (e.g., in terms of personnel, equipment, processes, knowledge, etc.) than the
remote facilities 400.

[0055] The skin panels 68, 70, 72, 74 may be formed from any suitable material in step 302. For
example, the prefabricated skin panels 68, 70, 72, 74 may be formed from a resin-based polymer and
a plurality of reinforcing fibers. In some embodiments, all of the panels 68, 70, 72, 74 may be
formed from the same material. In alternate embodiments, some of the panels 68, 70, 72, 74 may be
formed from the different materials, such as different resin-based polymers and/or different
reinforcing fibers. For example, the panels 68, 70, 72, 74 positioned at the blade root 26 are
subjected to greater loads than the panels 68, 70, 72, 74 positioned at the blade tip 28. In this
respect, the panels 68, 70, 72, 74 positioned at the blade root 26 may be formed from a stronger
material (e.g., epoxy- or polyurethane-based material) than the panels 68, 70, 72, 74 positioned at the
blade tip 28 (e.g., polyester-based material). Furthermore, the resins used to couple the panels 68,
70, 72, 74 in the infusion process (e.g., step 114) may be different than the resin used in forming the
panels 68, 70, 72, 74 (e.g., step 302).

[0056] The shells portions 44, 46 of the rotor blade 22 may be formed from prefabricated panels
68, 70, 72, 74 using methods 100 and/or 300. As discussed in greater detail above, the panels 68, 70,
72, 74 are in a finished state and only require coupling to other panels 68, 70, 72, 74 to form the
completed shell portion 44, 46. In this respect, the time necessary for and the cost associated with
forming the shell portions 44, 46 using methods 100 and/or 300 is reduced compared to conventional
manufacturing methods. As such, the cost of the rotor blade 22 using methods 100 and 300 is
reduced compared to conventional methods. In some embodiments, only the connection regions 204
are infused. This reduces the necessary infusion time and, accordingly, the cost of forming the shell

portions 44, 46. In certain embodiments, the panels 68, 70, 72, 74 may be formed at the remote
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facilities 400, which may have a lower production cost than the central facility 402, to further reduce
the cost of the rotor blade 22.

[0057] This written description uses examples to disclose the technology, including the best
mode, and also to enable any person skilled in the art to practice the technology, including making
and using any devices or systems and performing any incorporated methods. The patentable scope
of the technology 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 language of the

claims.
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WHAT IS CLAIMED IS:

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

placing first and second prefabricated skin panels defining a portion of a root section of the
wind turbine rotor blade, a pressure side of the wind turbine rotor blade, or a suction side of the wind
turbine rotor blade in a mold, wherein the first prefabricated skin panel partially overlaps or is
positioned adjacent to the second prefabricated panel to define a connection region;

placing a vacuum bag over the mold; and

infusing the connection region with a resin.

2. The method of claim 1, further comprising:

placing a dry fiber mat in the connection region between the first and second prefabricated
skin panels before infusing the connection region with the resin.

3. The method of claim 1, further comprising:

sealing the connection region with one or more seals before infusing the connection region
with the resin.

4, The method of claim 1, further comprising:

curing the resin infused into the connection region.

5. The method of claim 1, further comprising:

placing a structural component on the first or second prefabricated skin panel in the mold,
wherein the first or second prefabricated skin panel and the structural component defines a joint
therebetween.

6. The method of claim 5, further comprising:

infusing the joint with the resin.

7. The method of claim 1, further comprising:

attaching one or more peel ply layers to the first or second prefabricated skin panels in the
connection region.

8. The method of claim 1, further comprising:

aligning the first or second prefabricated skin panels with one or more locating features in the
mold.

9. The method of claim 1, further comprising:

applying a release agent to a portion of the first or second prefabricated skin panels before
placing the first and second prefabricated skin panels in the mold.

10. The method of claim 1, further comprising:

placing a dry infusible fabric in the mold, the dry infusible fabric partially overlapping the

first or second prefabricated skin panel; and

12
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infusing the dry infusible fabric with the resin.

11. The method of claim 1, further comprising:

forming the first and second prefabricated skin panels from a resin-based polymer and a
plurality of reinforcing fibers.

12. The method of claim 11, wherein the first and second prefabricated skin panels are
formed from different resin-based polymers or a different plurality of reinforcing fibers.

13. The method of claim 11, wherein infusing of the connection region with the resin
comprises infusing the connection region with a different resin than the resin of the cured fiber
reinforced resin-based polymer of the first and second prefabricated skin panels.

14. A method for forming a wind turbine rotor blade, the method comprising:

placing first and second prefabricated skin panels defining a portion of a root section of the
wind turbine rotor blade, a pressure side of the wind turbine rotor blade, or a suction side of the wind
turbine rotor blade in a mold, wherein the first prefabricated skin panel partially overlaps or is
positioned adjacent to the second prefabricated skin panel to define a connection region;

placing a dry fiber mat in the connection region, the dry fiber mat being in contact with the
first and second prefabricated skin panels;

placing a vacuum bag over the mold;

sealing the connection region with one or more seals; and

infusing the connection region with a resin.

15. The method of claim 14, further comprising:

curing the resin infused into the connection region.

16. The method claim 14, further comprising:

placing a structural component on the first or second prefabricated skin panel in the mold,
wherein the first or second prefabricated skin panel and the structural component defines a joint
therebetween; and

infusing the joint with the resin.

17. The method of claim 14, further comprising:

applying a release agent to a portion of the first or second prefabricated skin panels before
placing the first and second prefabricated skin panels in the mold; and

aligning the first or second prefabricated skin panels with one or more locating features in the
mold.

18. The method of claim 14, further comprising:

forming the first and second prefabricated skin panels from a resin-based polymer and a

plurality of reinforcing fibers.
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19. The method of claim 18, wherein the first and second prefabricated skin panels are
formed from different resin-based polymers or a different plurality of reinforcing fibers.

20. A method for forming a wind turbine rotor blade, the method comprising:

forming first and second prefabricated skin panels defining a portion of a root section of the
wind turbine rotor blade, a pressure side of the wind turbine rotor blade, or a suction side of the wind
turbine rotor blade at one or more remote facilities;

transporting the first and second prefabricated skin panels to a central facility;

placing the first and second prefabricated skin panels in a mold, wherein the first
prefabricated skin panel partially overlaps or is positioned adjacent to the second prefabricated skin
panel to define a connection region;

placing a vacuum bag over the mold; and

infusing the connection region with a resin.

14



PCT/US2018/030081

WO 2019/212452

FIG |



WO 2019/212452 PCT/US2018/030081

FIG 2



WO 2019/212452

PCT/US2018/030081

|/

F16.4



WO 2019/212452 PCT/US2018/030081

100

—

PLACE FIRSTAND SECOND PREFAERICATED SKIN PANELS IN AMOLD

¥

PLACE A DRY FIBER MAT IN A CONNECTION REGION BETWEEN THE FIRSTARD
SECOND PREFABRICATED SKIN PANELS

¥

PLACE ADRY INFUSIBLE FABRIC IN THE MOLD

¥

r
PLACE A STRUCTURAL COMPONENT ON THE FIRST OR SECOND PREFABRICATED
SKIN PANEL IN THE MOLD

¥

PLACEAVACULM BAG OVER THE MOLD

¥

SEAL THE CONKECTION REGION WITH ONE OR MORE SEALS

¥

INFUSE THE CONNECTION REGION, THE DRY INFUSIBLE FABRIC, AND/OR A
JOINT BETWEEN THE FIRST OR SECOND PREFABRICATED SKIN PANEL
AND THE THE STRUCTURAL COMPONENT WITH A RESIN

¥

CURE THE RESIN INFUSED INTO THE CONNECTION REGION, DRY
INFUSIBLE FABRIC, AND/OR THE JOINT

FIG.5



PCT/US2018/030081

WO 2019/212452

FIG. 6

/ 28

Z\ /
— )
RSN

Lo, /

v

f16.7



PCT/US2018/030081

WO 2019/212452

S




PCT/US2018/030081

WO 2019/212452

Fig. 10

Bpossaooes
EPoosssnce
=
Rococe




WO 2019/212452 PCT/US2018/030081

300
N
“
— 307
FORM FIRSTARD SECOND PREFABRICATED SKIN /

PANELS AT ONE OR MORE REMOTE RAGHLITIES

l o

TRANSPORTING THE FIRSTAND SECOND PREFABRI(AIED e
SKIN PANEISTO A CENTRAL RACHLITY -
FIG. 13

400 402

FI6. 14



PCT/US2018/030081

WO 2019

FI6.15



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2018/030081

A. CLASSIFICATION OF SUBJECT MATTER
B29C 70/02(2006.01)i, B29D 99/00(2010.01)i, B29C 65/70(2006.01)i, FO3D 1/06(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
B29C 70/02; B29C 45/02; B29C 70/34;, B29C 71/00; FO1D 5/14; FO3D 1/06; FO3D 11/00; FO3D 3/06; B29D 99/00; B29C 65/70

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords:wind turbine, rotor blade, segment, panel, connect, interconnect and overlap

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2011-0142679 A1 (BENDEL, URS et al.) 16 June 2011 1-8,10-16,18-20
See paragraphs [0010], [0035], [0072]-[0088] and figures 3, 8-9.
Y 9,17
Y US 2013-0209264 A1 (MASHUE, AARON JOHN et al.) 15 August 2013 9,17
See paragraph [0033].
A US 2010-0028161 A1 (VRONSKY, TOMAS et al.) 04 February 2010 1-20
See paragraphs [0012]-[0045] and figures 7a-7c.
A US 2016-0348642 A1 (BLADE DYNAMICS LIMITED) 01 December 2016 1-20
See paragraphs [0011]-[0025] and figures 1(a)-3.
A KR 20-2014-0003596 U (DAEWOO SHIPBUILDING & MARINE ENGINEERING CO., LTD.) 13 1-20
June 2014

See abstract and figure 2.

. . . . N .
|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
30 January 2019 (30.01.2019) 30 January 2019 (30.01.2019)
Name and mailing address of the [SA/KR Authorized officer

International Application Division

Korean Intellectual Property Office KWON, Yong Kyong
189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-3371

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2018/030081
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2011-0142679 Al 16/06/2011 CN 102076473 A 25/05/2011
CN 102076484 A 25/05/2011
CN 102076485 A 25/05/2011
CN 102076485 B 11/06/2014
DE 102008038620 Al 31/12/2009
DE 102008045578 Al 31/12/2009
DE 102008045601 Al 31/12/2009
DK 2288487 T3 28/01/2013
DK 2288488 T3 10/12/2012
DK 2321105 T3 11/02/2013
EP 2288487 A2 02/03/2011
EP 2288487 Bl 10/10/2012
EP 2288488 A2 02/03/2011
EP 2288488 Bl 05/09/2012
EP 2321105 A2 18/05/2011
EP 2321105 B1 07/11/2012
ES 2392928 T3 17/12/2012
ES 2392928 T8 27/02/2014
ES 2395226 T3 11/02/2013
ES 2397513 T3 07/03/2013
US 2011-0100533 Al 05/05/2011
US 2011-0100542 Al 05/05/2011
US 9168705 B2 27/10/2015
WO 2009-156061 A2 30/12/2009
WO 2009-156061 A3 17/06/2010
WO 2009-156064 A2 30/12/2009
WO 2009-156064 A3 14/05/2010
WO 2009-156064 A4 01/07/2010
WO 2009-156105 A2 30/12/2009
WO 2009-156105 A3 29/04/2010
WO 2009-156105 A4 08/07/2010
US 2013-0209264 Al 15/08/2013 DE 102013101232 Al 14/08/2013
DK 179147 Bl 04/12/2017
DK 201370046 A 10/08/2013
US 2017-276118 Al 28/09/2017
US 9677538 B2 13/06/2017
US 2010-0028161 Al 04/02/2010 CN 102112733 A 29/06/2011
CN 102112733 B 29/01/2014
EP 2318704 A2 11/05/2011
EP 2318704 Bl 14/11/2018
GB 2462308 A 03/02/2010
US 8317479 B2 27/11/2012
WO 2010-013025 A2 04/02/2010
WO 2010-013025 A3 04/11/2010
US 2016-0348642 Al 01/12/2016 BR 102016012071 A2 29/11/2016
CA 2930503 Al 28/11/2016

Form PCT/ISA/210 (patent family annex) (January 2015)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2018/030081
Patent document Publication Patent family Publication
cited in search report date member(s) date
CN 106194575 A 07/12/2016
EP 3098439 Al 30/11/2016
KR 20-2014-0003596 U 13/06/2014 None

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - wo-search-report
	Page 26 - wo-search-report
	Page 27 - wo-search-report

