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DESCRIPTION

FIELD

[0001] The present subject matter relates generally to rotor blades of a wind turbine and, more
particularly, to methods for manufacturing blade components for wind turbine rotor blades.

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. Conventional spar caps and/or
shear webs have been constructed of glass fiber laminate composites and/or carbon fiber
laminate composites.

[0004] Certain rotor blade components may also be constructed of pultruded composites that
are stronger and/or less expensive than traditional composites, as the pultruded composites
can be produced in thicker sections. As used herein, the terms "pultruded composites,”
"pultrusions,” or similar are generally defined as reinforced materials (e.g. fibers or woven or
braided strands) that are impregnated with a resin and pulled through a heated stationary die
such that the resin cures or undergoes polymerization. As such, the pultrusion process is
typically characterized by the continuous process of composite materials that produces
composite parts having a constant cross-section. Thus, a plurality of pultrusions can be infused
together in a mold to form the component.

[0005] The ends of the pultruded composites, however, can create areas of local stress
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concentrations, thereby causing the part to delaminate. In addition, the unaltered ends may
cause vacuum bag bridging issues which can lead to defects in the resulting part. Therefore, it
is typical to taper the end of the pultrusion to an end thickness significantly less than the bulk
formed thickness. In addition, the pultrusion also needs to be surface treated to ensure good
bonding during the infusion process.

[0006] Various methods exist for surface treating pultrusions, including but not limited to the
use of peel-ply, sanding, and/or the application of heat (e.g. plasma treatment). The heat
method allows for the lowest cost as no additional materials are required and the speed and
throughput are faster than other methods. However, heat from the treating process can result
in the very thin ends of the pultrusion heating up faster than the thicker sections of the
remaining portions of the pultrusion that can damage the end of the pultrusion reducing the
strength in this critical area.

[0007] Accordingly, the present disclosure is directed to methods for forming pultrusions for
use in manufacturing rotor blade components that addresses the aforementioned issues.

[0008] WO2018206068A1 discloses a method of manufacturing a blade component of a rotor
blade of a wind turbine comprising providing a plurality of pultrusions constructed of fibers
cured together via a resin material.

BRIEF DESCRIPTION

[0009] 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.

[0010] In one aspect, the present disclosure is directed to a method of manufacturing a blade
component of a rotor blade of a wind turbine according to claim 1. The method includes
providing a plurality of pultrusions constructed of one or more fibers or fiber bundles cured
together via a resin material. The method also includes placing a protective cap over at least
one end of one or more of the plurality of pultrusions. Further, the method includes heat
treating a surface of the plurality of pultrusions while the protective cap remains over the at
least one end. Moreover, the method includes removing the protective cap from the at least
one end. The method further includes arranging the plurality of pultrusions in a mold of the
blade component. In addition, the method includes infusing the plurality of pultrusions together
so as to form the rotor blade component.

[0011] In one embodiment, the end(s) of one or more of the plurality of pultrusions may be
tapered. In such embodiments, the protective cap may be placed over the tapered end(s).

[0012] In another embodiment, heat treating the surface of the plurality of pultrusions may
include plasma treating the surface of the plurality of pultrusions.
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[0013] In further embodiments, the protective cap may be constructed of a metal material,
such as steel. In additional embodiments, the protective cap may have a substantially V-
shaped cross-section.

[0014] In certain embodiments, the blade component may correspond to a spar cap, a shear
web, a root ring, or any other suitable blade component of the rotor blade. In another
embodiment, the fibers or fiber bundles may include glass fibers, carbon fibers, polymer fibers,
wood fibers, bamboo fibers, ceramic fibers, nanofibers, metal fibers. In further embodiments,
the resin material may include a thermoset material or a thermoplastic material.

[0015] In another embodiment, the method may also include arranging the tapered pultrusions
in the mold of the rotor blade component such that tapered ends of the plurality of pultrusions
extend in a substantially span-wise direction when installed on the rotor blade of the wind
turbine.

[0016] In another aspect, the present disclosure is directed to a method of forming a pultrusion
for use in manufacturing a blade component of a rotor blade of a wind turbine. The method
includes forming the pultrusion of one or more fibers or fiber bundles cured together via a resin
material. The method also includes placing a protective cap over at least one end of the
pultrusion. Further, the method includes heat treating a surface of the pultrusion while the
protective cap remains over the at least one end. In addition, the method includes removing
the protective cap from the at least one end. It should be understood that the method may
further include any of the additional steps and/or features as described herein.

[0017] In yet another aspect, the present disclosure is directed to a method of controlling a
plasma heat treating process for forming a pultrusion for use in manufacturing a blade
component of a rotor blade of a wind turbine. The method includes providing the pultrusion of
one or more fibers or fiber bundles cured together via a resin material. The method also
includes applying a plasma treating process to at least one surface of the pultrusion while
simultaneously blocking and/or reducing heat to at least one end of the pultrusion during the
plasma treating process, e.g. by reducing the heat input via one or more equipment controls.
The end(s) of the pultrusion defines a cross-sectional thickness that is less than an overall
cross-sectional thickness of the pultrusion. It should be understood that the method may
further include any of the additional steps and/or features as described herein.

[0018] 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 which is defined in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0019] 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:

FIG. 1 illustrates a perspective view of one embodiment of a wind turbine according to the
present disclosure;

FIG. 2 illustrates a perspective view of one of the rotor blades of FIG. 1;
FIG. 3 illustrates a cross-sectional view of the rotor blade of FIG. 2 along line 3-3;

FIG. 4 illustrates a detailed, cross-sectional view of a portion of the rotor blade of FIG. 3,
particularly illustrating a spar cap of the rotor blade formed from a plurality of pultrusions;

FIG. 5 illustrates a flow diagram of a method of manufacturing a blade component of a rotor
blade of a wind turbine according to the present disclosure:

FIG. 6 illustrates span-wise side view of one embodiment of a pultrusion that can be used to
form a blade component of a rotor blade of a wind turbine according to the present disclosure;

FIG. 7 illustrates span-wise side view of one embodiment of a pultrusion that can be used to
form a blade component of a rotor blade of a wind turbine according to the present disclosure,
particularly illustrating protective caps at respective tapered ends of the pultrusion; and

FIG. 8 illustrates a flow diagram of a method of controlling a plasma heat treating process for
forming a pultrusion for use in manufacturing a blade component of a rotor blade of a wind
turbine according to the present disclosure.

DETAILED DESCRIPTION

[0020] 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 of the invention which is defined by the appended claims.

[0021] 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
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includes a rotatable hub 26 and at least one rotor blade 28 coupled to and extending outward
from the rotatable hub 26.

[0022] Referring to FIGS. 2 and 3, one of the rotor blades 28 of FIG. 1 is illustrated in
accordance with aspects of the present disclosure. In particular, FIG. 2 illustrates a perspective
view of the rotor blade 28, whereas FIG. 3 illustrates a cross-sectional view of the rotor blade
28 along the sectional line 3-3 shown in FIG. 2. As shown, the rotor blade 28 generally
includes a blade root 19 configured to be mounted or otherwise secured to the hub 26 (FIG. 1)
of the wind turbine 10 and a blade tip 17 disposed opposite the blade root 19. A body shell 30
of the rotor blade 28 generally extends between the blade root 19 and the blade tip 17 along a
longitudinal axis 32. The body shell 30 may generally serve as the outer casing/covering of the
rotor blade 28 and may define a substantially aerodynamic profile, such as by defining a
symmetrical or cambered airfoil-shaped cross-section. As shown particularly in FIG. 3, the
body shell 30 may also define a pressure side 34 and a suction side 36 extending between
leading and trailing edges 38, 40 of the rotor blade 28. Further, the rotor blade 28 may also
have a span 42 defining the total length between the blade root 19 and the blade tip 17 and a
chord 44 defining the total length between the leading edge 38 and the trialing edge 40. As is
generally understood, the chord 44 may vary in length with respect to the span 42 as the rotor
blade 28 extends from the blade root 19 to the blade tip 17.

[0023] In several embodiments, the body shell 30 of the rotor blade 28 may be formed as a
single, unitary component. Alternatively, the body shell 30 may be formed from a plurality of
shell components. For example, the body shell 30 may be manufactured from a first shell half
generally defining the pressure side 34 of the rotor blade 28 and a second shell half generally
defining the suction side 36 of the rotor blade 28, with such shell halves being secured to one
another at the leading and trailing ends 38, 40 of the blade 28. Additionally, the body shell 30
may generally be formed from any suitable material. For instance, in one embodiment, the
body shell 30 may be formed entirely from a laminate composite material, such as a carbon
fiber reinforced laminate composite or a glass fiber reinforced laminate composite.
Alternatively, one or more portions of the body shell 30 may be configured as a layered
construction and may include a core material, formed from a lightweight material such as wood
(e.g., balsa), foam (e.g., extruded polystyrene foam) or a combination of such materials,
disposed between layers of laminate composite material.

[0024] Referring particularly to FIG. 3, the rotor blade 28 may also include one or more
longitudinally extending structural components configured to provide increased stiffness,
buckling resistance, and/or strength to the rotor blade 28. For example, as shown, the rotor
blade 28 may include a pair of longitudinally extending spar caps 46, 48 configured to be
engaged against the opposing inner surfaces 50, 52 of the pressure and suction sides 34, 36
of the rotor blade 28, respectively. Additionally, one or more shear webs 54 may be disposed
between the spar caps 46, 48 so as to form a beam-like configuration. The spar caps 46, 48
may generally be designed to control the bending stresses and/or other loads acting on the
rotor blade 28 in a generally span-wise direction (a direction parallel to the span 42 of the rotor
blade 28) during operation of a wind turbine 10. Similarly, the spar caps 46, 48 may also be
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designed to withstand the span-wise compression occurring during operation of the wind
turbine 10.

[0025] Referring now to FIG. 4, a detailed, cross-sectional view of one embodiment of one of
the spar caps 48 according to the present disclosure is illustrated. As shown, the spar cap 48 is
constructed of a plurality of pultrusions 56 arranged into a plurality of layers. It should be
further understood that the spar caps 46, 48, as well as any of the other various blade
components described in FIGS. 1-4 may be constructed using one or more pultrusions 56.

[0026] Thus, as shown in FIG. 5, a flow chart 100 of a method of manufacturing a blade
component of a rotor blade of 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. 1-4. Thus, in certain embodiments, the blade component
may correspond to the spar caps 46, 48, the shear web 54, a root ring, or any other suitable
blade component of the rotor blade. In addition, it should be appreciated that the disclosed
method 100 may be implemented with rotor blades having any other suitable configurations. In
addition, although FIG. 5 depicts steps performed in a particular order for purposes of
illustration and discussion, the methods discussed herein are not limited to any particular order
or arrangement. One skilled in the art, using the disclosures provided herein, will appreciate
that various steps of the methods disclosed herein can be omitted, rearranged, combined,
and/or adapted in various ways without deviating from the scope of the present disclosure.

[0027] As shown at (102), the method 100 may include providing a plurality of the pultrusions
56 constructed of one or more fibers or fiber bundles cured together via a resin material. For
example, as shown in FIG. 6, a span-wise cross-sectional view of one embodiment of one of
the pultrusions 56 according to the present disclosure is illustrated. As shown, end(s) 58 of the
pultrusion 56 may be tapered, i.e. to minimize the effect of stiffness changes at the end of the
ply. In certain embodiments, the end(s) 58 of the pultrusions 56 may be chamfered or tapered
to a certain angle to achieve certain properties. For example, the tapered the end(s) 58 may
have an angle of between about 15 degrees to about 35 degrees, more specifically about 20
degrees, so as to reduce the stress concentration effect at the ply ends and/or to prevent
delamination between the layers. In still further embodiments, the tapered the end(s) 58 may
have an angle of less than 15 degrees or greater than 35 degrees. Further, in certain
embodiments, the tapered angles of the end(s) 58 of the pultrusions 56 may be equal.
Alternatively, the tapered angles of the end(s) 58 may be unequal. More specifically, in further
embodiments, the angle of the taper may vary as a function of the thickness of the pultrusion
56.

[0028] Thus, referring back to FIG. 5, as shown at (104), the method 100 may include placing
a protective cap 60 over at least one end 58 of one or more of the plurality of pultrusions 56.
For example, as shown in FIG. 7, a protective cap 60 may be placed over each of the tapered
ends 58. More specifically, as shown in the illustrated embodiment, the protective cap 60 may
have a substantially V-shaped cross-section. In addition, the protective cap 60 may be
constructed of a metal material, such as steel.
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[0029] Accordingly, referring back to FIG. 5, as shown at (106), the method 100 may include
heat treating a surface 62 of the plurality of pultrusions 56 while the protective cap(s) 60
remains over the end(s) 58. For example, in one embodiment, the heat treating process may
include a plasma heat treating process. As shown at (108), the method 100 may include
removing the protective cap(s) 60 from the end(s) 58 after the heat treating process is
complete. As shown at (110), the method 100 may include arranging the plurality of pultrusions
56 in a mold of the blade component. For example, in one embodiment, the method 100 may
also include arranging the tapered pultrusions 56 in the mold of the rotor blade component
such that tapered ends 58 of the plurality of pultrusions 56 extend in a substantially span-wise
direction when installed on the rotor blade 28 of the wind turbine 10. After the pultrusions 56
are arranged in the mold, as shown at (112), the method 100 may include infusing the plurality
of pultrusions 56 together so as to form the rotor blade component.

[0030] The thermoplastic materials described herein may generally encompass a plastic
material or polymer that is reversible in nature. For example, thermoplastic materials typically
become pliable or moldable when heated to a certain temperature and returns to a more rigid
state upon cooling. Further, thermoplastic materials may include amorphous thermoplastic
materials and/or semi-crystalline thermoplastic materials. For example, some amorphous
thermoplastic materials may generally include, but are not limited to, styrenes, vinyls,
cellulosics, polyesters, acrylics, polysulphones, and/or imides. More specifically, exemplary
amorphous thermoplastic materials may include polystyrene, acrylonitrile butadiene styrene
(ABS), polymethyl methacrylate (PMMA), glycolised polyethylene terephthalate (PET-G),
polycarbonate, polyvinyl acetate, amorphous polyamide, polyvinyl chlorides (PVC),
polyvinylidene chloride, polyurethane, or any other suitable amorphous thermoplastic material.
In addition, exemplary semi-crystalline thermoplastic materials may generally include, but are
not limited to polyolefins, polyamides, fluropolymer, ethyl-methyl acrylate, polyesters,
polycarbonates, and/or acetals. More specifically, exemplary semi-crystalline thermoplastic
materials may include polybutylene terephthalate (PBT), polyethylene terephthalate (PET),
polypropylene, polyphenyl sulfide, polyethylene, polyamide (nylon), polyetherketone, or any
other suitable semi-crystalline thermoplastic material.

[0031] Further, the thermoset materials as described herein may generally encompass a
plastic material or polymer that is non-reversible in nature. For example, thermoset materials,
once cured, cannot be easily remolded or returned to a liquid state. As such, after initial
forming, thermoset materials are generally resistant to heat, corrosion, and/or creep. Example
thermoset materials may generally include, but are not limited to, some polyesters, some
polyurethanes, esters, epoxies, or any other suitable thermoset material.

[0032] In addition, the resin material described herein may be optionally reinforced with one or
more fiber materials, including but not limited to glass fibers, carbon fibers, polymer fibers,
wood fibers, bamboo fibers, ceramic fibers, nanofibers, metal fibers, or combinations thereof.
In addition, the direction or orientation of the fibers may include quasi-isotropic, multi-axial,
unidirectional, biaxial, triaxial, or any other another suitable direction and/or combinations
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thereof.

[0033] Referring now to FIG. 8, a flow chart 200 of a method of controlling a plasma heat
treating process for forming a pultrusion for use in manufacturing a blade component of a rotor
blade of a wind turbine according to the present disclosure is illustrated. In general, the method
200 will be described herein with reference to the wind turbine 10 and the rotor blade 28
shown in FIGS. 1-4. Thus, in certain embodiments, the blade component may correspond to
the spar caps 46, 48, the shear web 54, a root ring, or any other suitable blade component of
the rotor blade. In addition, it should be appreciated that the disclosed method 100 may be
implemented with rotor blades having any other suitable configurations. In addition, although
FIG. 8 depicts steps performed in a particular order for purposes of illustration and discussion,
the methods discussed herein are not limited to any particular order or arrangement. One
skilled in the art, using the disclosures provided herein, will appreciate that various steps of the
methods disclosed herein can be omitted, rearranged, combined, and/or adapted in various
ways without deviating from the scope of the present disclosure.

[0034] As shown at (202), the method 200 may include providing the pultrusion 56 of one or
more fibers or fiber bundles cured together via a resin material. As shown at (204), the method
200 may include applying a plasma treating process to at least one surface of the pultrusion 56
while simultaneously blocking heat to at least one end of the pultrusion 56 during the plasma
treating process. Referring back to FIGS. 6 and 7, the end(s) 58 of the pultrusion 56 defines a
cross-sectional thickness 64 that is less than an overall cross-sectional thickness 66 of the
pultrusion 56.

[0035] 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 invention which is defined
in the appended claims.
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KRAV

1. Fremgangsmdde til fremstilling af en vingekomponent af en vindmgllerotorvinge, hvor
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fremgangsmaden omfatter:

tilvejebringelse af en flerhed af pultruderinger konstrueret af en eller flere fibre eller
fiberbundter haerdet sammen via et resinmateriale;

placering af en beskyttelseshaette over mindst én ende af en eller flere af flerheden
af pultruderinger;

varmebehandling af en overflade af flerheden af pultruderinger, mens
beskyttelseshaetten forbliver over den mindst ene ende;

fjernelse af beskyttelseshaetten fra den mindst ene ende;

anbringelse af flerheden af pultruderinger i en stgbeform af vingekomponenten; og,

infusion af flerheden af pultruderinger sammen for at danne rotorvingekomponenten.

Fremgangsmaden ifglge krav 1, hvor den mindst ene ende af en eller flere af flerheden af
pultruderinger er tilspidset, hvor beskyttelsesheetten er placeret over den mindst ene
tilspidsede ende.

Fremgangsmdaden ifglge et hvilket som helst af de foregdende krav, hvor varmebehandling
af overfladen af flerheden af pultruderinger yderligere omfatter plasmabehandling af
overfladen af flerheden af pultruderinger.

Fremgangsmaden ifglge et hvilket som helst af de foregdende krav, hvor beskyttelseshaetten
er fremstillet af et metalmateriale.

Fremgangsmdaden ifglge et hvilket som helst af de foregdende krav, hvor metalmaterialet
omfatter stal.

Fremgangsmaden ifglge et hvilket som helst af de foregdende krav, hvor beskyttelseshaetten
omfatter et i det vaesentlige V-formet tvaersnit.

Fremgangsmdaden ifglge et hvilket som helst af de foregdende krav, hvor vingekomponenten
omfatter mindst én af en spar cap, en shear web eller en rodring (ENG: root ring).
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Fremgangsmdden ifglge et hvilket som helst af de foregdende krav, hvor fibrene eller
fiberbundterne omfatter mindst én af glasfibre, kulfibre, polymerfibre, treefibre,
bambusfibre, keramiske fibre, nanofibre, metalfibre.

Fremgangsmdden ifglge et hvilket som helst af de foregdende krav, hvor det mindst ene
resinmateriale yderligere omfatter mindst én af et heerdeligt plastmateriale (ENG: thermoset
material) eller et termoplastisk materiale.

Fremgangsmdaden ifglge et hvilket som helst af de foregdende krav, yderligere omfattende
at arrangere de tilspidsede pultruderinger i rotorvingekomponentens stgbeform, saledes at
tilspidsede ender af flerheden af pultruderinger streekker sig i en i det veesentlige
spaendvidderetning (ENG: span-wise direction), ndr de installeres pd vindmgllerotorvingen.
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FG. 1
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