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DESCRIPTION

Description

FIELD

[0001] The present disclosure relates generally to wind turbines, and more particularly to rotor
blades having blade segments secured together via internal support structures that define a
variable-size gap therebetween.

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 spar caps and/or shear
web may be constructed of various materials, including but not limited to glass fiber laminate
composites and/or carbon fiber laminate composites.

[0004] Various rotor blades may be divided into two or more segments and assembled to form
a completed rotor blade. Each segment of a segmented rotor blade generally includes suction
and pressure side shells and one or more structural components. Such segments and their
respective components are typically assembled at joints between segments. For instance, a
first blade segment may include a beam structure that can be inserted into a receiving section
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of a second blade segment. In such rotor blades, the beam structure and the receiving section
may be coupled together at one or more connection locations, e.g. via pins, bolts, adhesives,
fasteners, or similar.

[0005] In addition, the beam structure and the receiving section generally have different
stiffnesses that may lead to distinct deformations of the two structures when the rotor blade is
under loading. As such, the differing properties of the beam structure and the receiving section
may cause direct contact of the beam structure with the receiving section, thereby leading to
indefinite loading on the components, particularly at the connection locations.

[0006] Accordingly, the present disclosure is directed to an improved rotor blade having blade
segments secured together via the beam structure and the receiving section that define and
maintain a variable-size gap therebetween so as to address the aforementioned issues.

[0007] EP3144526 relates to a wind turbine segmented blade, wherein each segment
comprises a blade shell and an internal structural member; the beam structure member of the
tip side segment fitting within the receiving portion of the root side segment. A radial bolt
connection and an axial fitting are provided, and a varying gap between the beam structure
and the receiving portion is shown. This document is therefore considered as a relevant
example of prior art.

BRIEF DESCRIPTION

[0008] 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. The invention is defined by the appended claims, specifically as a rotor blade for a
wind turbine according to claim 1, and as a method of manufacturing a segmented rotor blade
of a wind turbine according to claim 8.

[0009] In one aspect, the present disclosure is directed to a rotor blade for a wind turbine. The
rotor blade includes a first blade segment and a second blade segment extending in opposite
directions from a chord-wise joint. Each of the first and second blade segments include one or
more shell members and an internal support structure. The internal support structure of the
first blade segment includes a beam structure extending between a receiving end and a
second end. The internal support structure of the second blade segment includes a receiving
section that receives the receiving end of the beam structure of the first blade segment. The
rotor blade further includes one or more connection locations where the first and second blade
segments are secured together. Moreover, when the beam structure is received within the
receiving section, a gap including a varying thickness is defined and maintained between the
beam structure and the receiving section in a span-wise direction of the rotor blade.

[0010] In one embodiment, the varying thickness may be at a minimum at the connection
location(s). In one such embodiment, the connection location(s) may include one or more first
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pin joints at the receiving end of the beam structure and one or more second pin joints
positioned along the beam structure toward the second end. Further, the first pin joint(s) may
include one or more span-wise extending pin joints. Additionally, the second pin joint(s) may
include a chord-wise extending pin joint. In a further embodiment, the varying thickness may
be at a maximum at a point between the first pin joint(s) and the second pin joint(s). In several
embodiments, the connection location(s) may include at least one of a pin joint, a bolt joint, a
screw, a rivet, a weld, or an adhesive. In further embodiments, the varying thickness may
define a linear transition and/or a non-linear transition between the maximum varying thickness
and the minimum varying thickness.

[0011] In another embodiment, a cross-section of the beam structure may vary so as to define
the varying thickness of the gap. In a further embodiment, the beam structure may include one
or more spar caps coupled to an inner surface of the shell member(s) of the first blade
segment. As such, a thickness of the spar cap(s) may be at a minimum at the connection
location(s). In another embodiment, a cross-section of the receiving section may vary so as to
define the varying thickness of the gap. In one embodiment, the cross-section of the receiving
section may taper toward a root end of the second blade segment opposite the receiving
section. For example, receiving section may taper from the chord-wise joint toward a root end
of the receiving section. In some embodiments, the rotor blade may further include a filler
material at least partially filing the gap between the beam structure and the receiving section.

[0012] In yet another aspect, the present disclosure is directed to a method of manufacturing a
segmented rotor blade of a wind turbine. The method includes providing a first blade segment
having a beam structure extending lengthwise from a receiving end thereof. Another step of
the method includes providing a second blade segment having a receiving section configured
to receive the beam structure. In one step, the method includes forming an inner surface of the
receiving section and/or an outer surface of the beam structure with a varying cross-section. A
further step includes, inserting the receiving end of the beam structure of the first blade
segment into the receiving section of the second blade segment. Moreover, the outer surface
of the beam structure and the inner surface of the receiving section define a gap therebetween
having a varying thickness in the span-wise direction of the rotor blade. A further step of the
method includes securing the first and second blade segments together at one or more
connection locations such that the varying thickness of the gap is maintained. It should be
understood that the method may further include any of the additional features as described
herein.

[0013] 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.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0014] 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 plan view of one embodiment of a rotor blade having a first blade segment
and a second blade segment according to the present disclosure;

FIG. 3 illustrates a perspective view of one embodiment of a section of the first blade segment
according to the present disclosure;

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;

FIG. 5 illustrates a perspective view of one embodiment of an assembly of the rotor blade of
the wind turbine having the first blade segment joined with the second blade segment
according to the present disclosure;

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;

FIG. 7 illustrates a cross-sectional view of one embodiment of an assembly of a beam
structure and a receiving section at the chord-wise joint according to the present disclosure,
particularly illustrating a gap between the beam structure and the receiving section having a
varying thickness;

FIG. 8 illustrates a chord-wise cross-sectional view of one embodiment of the assembly of the
rotor blade according to the present disclosure, particularly illustrating a gap between the
beam structure and the receiving section having a maximum thickness;

FIG. 9 illustrates a chord-wise cross-sectional view of another embodiment of the assembly of
the rotor blade according to the present disclosure, particularly illustrating a gap between the
beam structure and the receiving section having a minimum thickness;

FIG. 10 illustrates a cross-sectional view of another embodiment of the assembly of the beam
structure and the receiving section at the chord-wise joint according to the present disclosure,
particularly illustrating a variable-size gap between the beam structure and the receiving
section; and,

FIG. 11 illustrates a flow chart of one embodiment of a method of assembling a segmented
rotor blade of a wind turbine according to the present disclosure.
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DETAILED DESCRIPTION

[0015] 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. 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.

[0016] 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 rotatable hub 26. As shown, the rotor blade 28 includes a blade tip 17 and a blade
root 19.

[0017] 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 one or more shell members and an internal support
structure 36. In certain embodiments, the one or more shell members of the first blade
segment 30 may include a pressure side shell member 31 and a suction side shell member 33.
Further as shown, the one or more shell members of the second blade segment 32 may
include a pressure side shell member 37 and a suction side shell member 39. However, in
other embodiments, one or both of the blade segments 30, 32 may include one shell member
with a pressure and suction side. As such, the pressure side shell member(s) 31, 37 and/or
suction side shell member(s) 33, 39 described herein may be a pressure side or suction side of
a single shell member, respectively. The first blade segment 30 and the second blade segment
32 may be connected by at least an internal beam structure 40 of the internal support structure
36 of the first blade segment 30 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 beam structure 40 into the second blade segment 32. For
instance, the beam structure 40 of the first blade segment 30 may be inserted into the support
structure 36 of the second blade segment 32. In addition, as shown, the support structure 36
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of the second blade segment 32 may extend lengthwise for connecting with a blade root
section 35 of the rotor blade 28 and with the beam structure 40 of the first blade segment 30
(which is shown in more detail in FIGS. 5 and 6).

[0018] 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 at least a part of a shear web 44 connected with a pressure side
spar cap 46 and a suction side spar cap 48. Further, as shown, the beam structure 40 may
form a part of the first blade segment 30 having an extension protruding from an internal
section within the shell members 31, 30, thereby forming an extending spar section. Further,
the beam structure 40 may be coupled to an inner surface 88 of the pressure side shell
member 31 and/or the suction side shell member 33 of the first blade segment 30. For
instance, the pressure side spar cap 46 may be coupled to the inner surface 88 of the
pressure side shell member 31 using an adhesive. Similarly, the suction side spar cap 48 may
be coupled to the inner surface 88 of the suction side shell member 33 using an adhesive.

[0019] Referring now to FIG. 4, a perspective view of a section of the second blade segment
32 according to the present disclosure is 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 a pressure side spar cap 47, a suction side spar cap 49, and one or
more shear webs 44 extending therebetween for connecting with the beam structure 40 of the
first blade segment 30. Further, as shown, the receiving section 60 may be coupled to an inner
surface 89 of the pressure side shell member 37 and/or the suction side shell member 39 of
the second blade segment 32. For instance, the pressure side spar cap 47 may be coupled to
the inner surface 89 of the pressure side shell member 37 using an adhesive. Similarly, the
suction side spar cap 49 may be coupled to the inner surface 89 of the suction side shell
member 39 using an adhesive.

[0020] Referring generally to FIGS. 3-6, the first blade segment 30 may be joined to the
second blade segment 32 at one or more connection locations 94. More specifically, as shown
particularly in 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. More specifically, as shown, the first blade segment 30 and second blade segment 32 may
be secured together at one or more connection location(s) 94. In several embodiments, the
connection location(s) 94 may include a pin joint, a bolt joint, a screw, a rivet, a weld, or an
adhesive.

[0021] More specifically, as shown generally in the figures, the connection location(s) 94 may
include one or more pin joints. Though the connection location(s) 94 may be described
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generally as first and second pin joint(s) 51, 53, it should be appreciated that in other
embodiments one or more of the connection locations 94 may include any of the preceding or
further structure capable of coupling the beam structure 40 and receiving section 60 together
at the connection location(s) 94. More specifically, as show, the one or more pin joints may
include one or more first pin joints 51, e.g. from a receiving end 54 of the beam structure 40,
and one or more second pin joints 53 spaced apart from the first pin joint(s) 51. The first pin
joint(s) 51 may include at least one pin tube 52 located on the receiving end 54 of the beam
structure 40 that can be in a tight interference fit with pin joint slot 56 of the receiving section
60, e.g. within chord-wise member 72. Thus, as shown, the pin tube 52 may be oriented in a
span-wise direction, i.e. along the span or length of the rotor blade 28 which is defined along
an axis that extends from the blade root to the blade tip of the rotor blade 28 and may extend
through the pin joint slot 56.

[0022] Referring particularly to FIGS. 5 and 6, the second pin joint(s) 53 may be formed via pin
joint slot 50 of the beam structure 40, pin joint slot 58 of the receiving section 60, and a
corresponding pin tube 62 that extends through the aligned pin joint slots 50, 58 in a chord-
wise direction, i.e. along a chord of the rotor blade 28 which is defined along an axis that
extends from the leading edge to the trailing edge of the rotor blade 28.

[0023] It is to be noted that the pin tube 52 located at the receiving end 54 of the beam
structure 40 may be separated span-wise with the pin joint slot 50 by an optimal distance D.
This optimal distance D may be such that the chord-wise joint 34 is able to withstand
substantial bending moments caused due to shear loads acting on the chord-wise joint 34.

[0024] Referring still to FIG. 5, in certain embodiments, at least a portion of the beam structure
40 may taper between the receiving end 54 and a second end 90 opposite the receiving end
54. For example, the internal section of the beam structure 40 may taper between the chord-
wise joint 34 and the second end 90. More particularly, the pressure side spar cap 46, the
suction side spar cap 48, or both may taper between the chord-wise joint 34 and the second
end 90. It should be appreciated that the beam structure 40 may taper with the first blade
segment 30 toward the blade tip 17. In one embodiment, the internal section of the beam
structure 40 may taper while the extension may have a uniform width and/or height. However,
in other embodiments, the beam structure 40 may taper along the entire length between the
receiving end 54 and the second end 90.

[0025] Referring now to FIG. 7, a cross-sectional view of one embodiment of the beam
structure 40 received within the receiving section 60 at the chord-wise joint 34 is illustrated
according to the present disclosure. Further, as shown, a gap 92 is provided between the
beam structure 40 and the receiving section 60. More specifically, as shown, the gap 92 is
defined between an outer surface 86 of the beam structure 40 and an inner surface 96 of the
receiving section 60 and has a varying thickness 98 in the span-wise direction of the rotor
blade 28. As such, when the beam structure 40 is inserted within the receiving section 60 and
the components are secured together, the variable-size gap 92 is maintained between the
beam structure 40 and the receiving section 60 in the span-wise direction of the rotor blade 28.
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[0026] Referring still to FIG. 7, the varying thickness 98 may be at a minimum (as shown at
100) at the connection location(s) 94. In certain embodiments, it should be appreciated that the
relative deflections between the beam structure 40 and receiving section 60 may be at a
minimum, such as approximately zero, at the connection location(s) 94. As such, the gap 92
between the beam structure 40 and receiving section 60 may be less at the connection
location(s) 94 as relative deflections between the beam structure 40 and receiving section 60 is
less at such locations. Further, in certain embodiments, the varying thickness 98 may be
approximately the same at the connection locations 94, such as at first pin joint(s) 51 and the
second pin joint(s) 53. For instance, the varying thickness 98 at the second pin joint(s) 53 may
be between 90% and 110% of the varying thickness 98 at the first pin joint(s) 51. Though, in
other embodiments, it should be appreciated that the varying thickness 98 may be different at
the connection locations 94.

[0027] Still referring to FIG. 7, the varying thickness 98 may be at a maximum (as shown at
102) at a location between the connection location(s) 94, e.g., between the first pin joint(s) 51
and the second pin joint(s) 53. As such, the varying thickness 98 may be larger between the
connection locations 94 to accommodate for relative deflections between the beam structure
40 and the receiving section 60. For example, in certain embodiments, the maximum thickness
102 of the gap 92 may be positioned between 25% and 75% of the length between the first pin
joint(s) 51 and the second pin joint(s) 53. For instance, the maximum thickness 102 may be
located approximately half way between the first pin joint(s) 51 and the second pin joint(s) 53
(e.g., between 45% and 55% of the length). In addition, in one embodiment, it should be
appreciated that the maximum thickness 102 may be positioned to coincide with the greatest
relative deflection between the beam structure 40 and the receiving section 60. Additionally, as
shown, the varying thickness 98 of the gap 92 may define, at least in part, a linear transition
between the maximum thickness 102 and the minimum thickness 100. Though, in other
embodiments, the varying thickness 98 of the gap 92 may define, at least in part, a non-linear
transition between the maximum thickness 102 and the minimum thickness 100 (see, e.g.,
FIG. 10).

[0028] In addition, as shown in FIG. 7, a thickness of the beam structure 40 may vary along a
length thereof so as to define the varying thickness 98 of the gap 92. For instance, as shown,
the beam structure 40 may define a maximum height and/or maximum width at the connection
location(s) 94. Particularly, as illustrated, a height 91 of the beam structure 40 may be at a
maximum at one or both of the first pin joint(s) 51 and/or the second pin joint(s) 53. Similarly, a
width 93 (see, e.g., FIG. 3) of the beam structure 40 may be at a maximum at the first pin
joint(s) 51 and/or the second pin joint(s) 53. It should be appreciated that the beam structure
40 may define a minimum height and/or minimum width between the first pin joint(s) 51 and
the second pin joint(s) 53 in order to define the maximum thickness 102 of the gap 92
positioned between the connection locations 94.

[0029] It should be appreciated that, in certain embodiments, the peak stress of the beam
structure 40 may occur at or near the connection location(s) 94, such as the second pin joint(s)
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53, or more particularly, at the chord-wise extending pin joint 62, the pin joint slot 50, and/or
the chord-wise pin joint slot 58. As such, by increasing the height of the beam structure 40 at
the connection location(s) 94, such as at the second pin joint(s) 53, the moment of inertia of
the beam structure 40 may be maintained. For instance, less material may be required to form
the beam structure 40 without reducing the moment of inertia. As such, the beam structure 40
may define a first height 104 at the position of the maximum thickness 102 of the gap 92 and a
second height 106 at the position of the minimum thickness 100 of the gap 92. Further, the
second height 106 may be greater than the first height 104. It should be appreciated that the
height of the beam structure 40 may transition between the first height 104 to the second
height 106 at one or both of the connection locations 94.

[0030] Referring now to FIGS. 8 and 9, multiple cross-sectional views of the beam structure 40
received within the receiving section 60 at the chord-wise joint 34 so as to define gap 92
therebetween is illustrated according to the present disclosure. Particularly, FIG. 8 illustrates a
cross-sectional view taken along the chord of the beam structure 40 and the receiving section
60 at the maximum thickness 102 of the gap 92 (see section line 8-8 in FIG. 7). FIG. 9
illustrates a cross-sectional view taken along the chord of the beam structure 40 and the
receiving section 60 at the minimum thickness 100 of the gap 92 (see section line 9-9 in FIG.
7).

[0031] Thus, as shown, the spar cap(s) 46, 48 of the beam structure 40 define a thickness 108
(see also FIG. 7), which has a minimum at the connection location(s) 94, corresponding to the
position of the minimum thickness 100 of the gap 92, as shown in FIG. 9. For example, the
taller second height 106 of the beam structure 40 at the connection location(s) 94 may allow
for thinner spar cap(s) 46, 48 while maintaining the moment of inertia at the connection
location(s) 94. Further, the thickness 108 of the spar cap(s) 46, 48 may be at a maximum
between the connection locations 94. For instance, the thickness 108 of the spar cap(s) 46, 48
may be at a maximum at the position of the minimum thickness 100 of the gap 92, as shown in
FIG. 8. For example, the shorter first height 104 of the beam structure at the position of the
minimum thickness 100 may require thicker spar cap(s) 46, 48 to maintain the moment of
inertia at the position of the maximum thickness 102 of the gap 92.

[0032] Though the thickness 108 of the opposing spar caps 46, 48 of the beam structure 40
are illustrated as the same, respectively, in FIGS. 8, and 9, it should be recognized that the
thickness 108 of one of the spar caps 46, 48 may be constant along the span while the
thickness 108 of the other spar cap 46, 48 varies along the span. It should be appreciated that
spar caps 46, 48 with a thinner thickness 108 at the connection locations 94 may allow for
lighter and/or more cost effective spar caps 46, 48.

[0033] Referring still to FIGS. 8 and 9, in some embodiments, the rotor blade 28 may further
include a filler material 112 at least partially filling the gap 92 between the beam structure 40
and the receiving section 60. Moreover, the filler material(s) 112 may be secured to the outer
surface 86 of the beam structure 40 and/or the inner surface 96 of the receiving section 60,
such as via an adhesive. It should also be appreciated that the filler material(s) 112 may also
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generally be contoured to the shape of the outer surface 86 of the beam structure 40 and/or
the inner surface 96 of receiving section 60. For instance, a thickness of the filler material(s)
112 may generally change along the chord between the leading edge and trailing edge.
Further, the thickness of the filler material(s) 112 may generally change along the span of the
chord-wise joint 34.

[0034] Referring now to FIG. 10, another embodiment of the assembly 70 of the beam
structure 40 and the receiving section 60 at the chord-wise joint 34 is illustrated according to
the present disclosure. Particularly, FIG. 10 illustrates a cross-section of the assembly 70 along
the span where the cross-section of the receiving section 60 varies so as to define the varying
thickness 98 of the gap 92, whereas the cross-section of the beam structure 40 remains
approximately constant along the extension. For example, as shown, the receiving section 60
may define a minimum internal height and/or minimal internal width at the connection
location(s) 94. Particularly, as illustrated, an internal height 110 of the receiving section 60 may
be at a minimum at one or both of the first pin joint(s) 51 and/or the second pin joint(s) 53.
Similarly, an internal width 111 (see, e.g., FIG. 4) of the beam structure 40 may be at a
minimum at the first pin joint(s) 51 and/or the second pin joint(s) 53. In one embodiment, the
receiving section 60 may define the minimum internal height and/or minimum internal width at
both the first pin joint(s) 51 and the second pin joint(s) 53. As such, the minimum thickness 100
of the gap 92 may be positioned at the minimum internal height and/or minimum internal width,
e.g., at the connection location(s) 94.

[0035] Additionally, the internal height 110 and/or internal width 111 of the receiving section 60
may be at a maximum between the connection locations 94. For instance, the maximum
internal height and/or maximum internal width of the receiving section 60 may define the
position of the maximum thickness 102 of the gap 92. Though the thickness of the spar caps
47, 49 of the receiving section 60 are illustrated as approximately constant in FIG. 10, in
additional or alternative embodiments, a thickness 109 of at least one of the spar caps 47, 49
may be at a minimum at the position of the maximum thickness 102 of the gap 92. Further, the
thickness 109 of at least one of the spar caps 47, 49 may be at maximum at the connection
location(s) 94 in order to define the minimum thickness 100 of the gap 92.

[0036] In certain embodiments, as illustrated in FIG. 10, the internal height 110 of the receiving
section 60 may be larger at one the connection locations 94, such as the first pin joint(s) 51 or
the second pin joint(s) 53. For example, the cross-section of the receiving section 60 may
generally taper from the chord-wise joint 34 toward the blade root section 35 (see FIG. 2) of
the receiving section 60. As such, the assembly 70 may define a third thickness 114 at the
second pin joint 53 greater than the minimum thickness 100 at the first pin joint 51 but less
than the maximum thickness 102 between the pin joints 51, 53. It should be appreciated that a
receiving section 60 that tapers from the chord-wise joint 34 toward the blade root section 35
may allow the beam structure 40 to be more easily inserted and/or removed from the receiving
section 60. It should be recognized that the internal width 111 of the receiving section 60 may
alternatively or additionally reduce from the chord-wise joint 34 toward the blade root section
35 of the receiving section 60.
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[0037] Though the varying cross-sections of the beam structure 40 and the receiving section
60 are illustrated as separate embodiments in FIGS. 7 and 10, it should be recognized that in
further embodiments that both of the receiving section 60 and the beam structure 40 may
include varying cross-sections to define the varying thickness 98 of the gap 92. For example,
one or both of the beam structure 40 and the receiving section 60 may include varying heights
91, 110; widths 92, 111; and/or thicknesses 108, 109 of the spar caps(s) 46, 47, 48, 49.

[0038] In one embodiment, the filler material(s) 112 may be constructed, at least in part, from
at least one of a foam material, a wood material, a cork material, a fiber material, a composite
material, a plastic material, a polymer material, or combinations thereof. In certain
embodiments, the filler material(s) 112 may be at least partially compressible in order to
accommodate the relative displacement between the beam structure 40 and the receiving
section 60.

[0039] In further embodiments, the shell member(s) 31, 33, 37, 39, the beam structure 40,
and/or the receiving section 60 may be constructed of a thermoset resin or a thermoplastic
resin. The thermoplastic materials as 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 return 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.

[0040] 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. The thermoset
material and/or the thermoplastic material described herein may also be optionally reinforced
with one or more fiber material(s) including but not limited to glass fibers, carbon fibers,
polymer fibers, wood fibers, bamboo fibers, ceramic fibers, nanofibers, metal fibers, or
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combinations thereof. In addition, the direction or orientation of the fibers may include
quasiisotropic, multi-axial, unidirectional, biaxial, triaxial, or any other suitable direction and/or
combinations thereof.

[0041] Referring now to FIG. 11, a flow chart 200 of one embodiment of a method of
manufacturing a segmented 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 first and
second blade segments 30, 32, the beam structure 40, and the receiving section 60 illustrated
in FIGS. 2-10. However, it should be appreciated that the disclosed method 200 may be
implemented with a segmented rotor blade 28 having any other configuration. In addition,
although FIG. 11 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 disclosure provided herein, will appreciate that
various steps of the method disclosed herein can be omitted, rearranged, combined, and/or
adapted in various ways without deviating from the scope of the present disclosure.

[0042] As shown at (202), the method 200 may include providing a first blade segment 30
having a beam structure 40 extending lengthwise from a receiving end 54 thereof. As shown at
(204), the method 200 may include providing a second blade segment 32 having a receiving
section 60 configured to receive the beam structure 40. As shown at (206), the method 200
may include forming an inner surface 96 of the receiving section 60 and/or an outer surface 86
of the beam structure 40 with a varying cross-section. As shown at (208), the method 200 may
include inserting the receiving end 54 of the beam structure 40 of the first blade segment 30
into the receiving section 60 of the second blade segment 32. Moreover, as mentioned, the
outer surface 86 of the beam structure 40 and the inner surface 96 of the receiving section 60
may define a gap 92 therebetween having a varying thickness 98 in the span-wise direction of
the rotor blade 28. As shown at (210), the method 200 may include securing the first and
second blade segments 30, 32 together at one or more connection locations 94 such that the
varying thickness 98 of the gap 92 is maintained.
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En rotorvinge (28) til en vindmglle (10), omfattende:

et farste vingesegment (30) og et andet vingesegment (32), der streekker sig i modsatte
retninger fra en kordemaessig samling (34), hvor hvert af det ferste og andet
vingesegment (30, 32) omfatter et eller flere skalelementer (31, 33, 37, 39) og en
indvendig stgttestruktur (36), hvor den indvendige stgttestruktur (36) af det fgrste
vingesegment (30) omfatter en bjeelkestruktur (40), der streekker sig mellem en
modtagende ende (54) og en anden ende (90), hvor den indvendige stattestruktur (36)
af det andet vingesegment (32) omfatter en modtagesektion (60), der modtager den
modtagende ende (54) af bjeelkestrukturen (40) af det fgrste vingesegment (30); og,

en eller flere koblingssteder (94), hvor det fgrste og det andet vingesegment (30, 32) er
fastgjort sammen,

hvori, ndr bjeelkestrukturen (40) modtages inden i modtagesektionen (60), er et
mellemrum (92) omfattende en varierende tykkelse (98) defineret og fastholdt mellem
bjeelkestrukturen (40) og modtagesektionen (60) i en spaendvidde retning af rotorvingen
(28),

hvor den varierende tykkelse (98) er pa et minimum (100) ved den ene eller flere
koblingssteder (94),

hvor den ene eller flere koblingssteder (94) omfatter en eller flere fgrste stiftsamlinger
(51) ved den modtagende ende (54) af bjeelkestrukturen (40) og en eller flere andre
stiftsamlinger (53) placeret langs bjeelkestrukturen (40) mod den anden ende (90), og
kendetegnet ved at

den varierende tykkelse (98) er pa et maksimum (102) ved et midtpunkt mellem den ene

eller flere fgrste stiftsamlinger (51) og den ene eller flere andre stiftsamlinger (53).

Rotorvinge (28) ifglge krav 1, hvor det ene eller flere fgrste stiftsamlinger (51) omfatter mindst
en spaendviddeforlgbende stiftsamling, og hvor det ene eller flere andre stiftsamlinger (53)

omfatter en kordemaessigt forlgbende stiftsamling.

Rotorvinge (28) ifelge et hvilket som helst af de foregdende krav, hvor den varierende tykkelse
(98) definerer mindst én af en lineaer overgang eller ikke-lineeer overgang mellem den maksimale

varierende tykkelse (102) og den minimale varierende tykkelse (100).

Rotorvinge (28) ifglge et hvilket som helst af de foregdende krav, hvor et tveersnit af

bjeelkestrukturen (40) varierer for at definere den varierende tykkelse (98) af mellemrummet
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(92).

Rotorvinge (28) ifalge et hvilket som helst af de foregdende krav, hvor bjeelkestrukturen (40)
omfatter en eller flere bjeelkeflanger (eng: spar caps) (46, 48) koblet til en indre overflade (88)
af det ene eller flere skalelementer (31, 33) af det farste vingesegment (30), hvor en tykkelse
(108) af den ene eller flere bjeelkeflanger (46, 48) er pd et minimum ved den ene eller flere
koblingssteder (94).

Rotorvinge (28) ifglge et hvilket som helst af kravene 1-5, hvor et tvaersnit af modtagersektionen

(60) varierer for at definere den varierende tykkelse (98) af mellemrummet (92).

Rotorvinge (28) ifglge et hvilket som helst af de foregdende krav, hvor den ene eller flere
koblingssteder (94) omfatter mindst en af en stiftsamling, en boltsamling, en skrue, en nitte, en

svejsning eller et klaebemiddel.

En fremgangsmade (200) til fremstilling af en segmenteret rotorvinge (28) af en vindmglle (10),

hvor fremgangsmdden omfatter:

(202) tilvejebringelse af et fgrste vingesegment (30) med en bjeelkestruktur (40), der
straekker sig i leengderetningen fra en modtagende ende (54) deraf;

(204) tilvejebringelse af et andet vingesegment (32) med en modtagesektion (60)
konfigureret til at modtage bjeelkestrukturen (40);

(206) dannelse af mindst én af en indre overflade (96) af modtagesektionen (60) eller en
ydre overflade (86) af bjeelkestrukturen (40) med et varierende tvaersnit;

(208) indseettelse af den modtagende ende (54) af bjeelkestrukturen (40) af det farste
vingesegment (30) i modtagesektionen (60) af det andet vingesegment (32), hvor den
ydre overflade (86) af bjeelkestrukturen (40) og den indvendige overflade (96) af
modtagesektionen (60) definerer et mellemrum (92) derimellem, hvor mellemrummet
(92) har en varierende tykkelse (98) i en spaendvidderetning af rotorvingen (28); og,
(210) fastggrelse af det fgrste og det andet vingesegment (30, 32) sammen ved en eller
flere koblingssteder (94), sdledes at den varierende tykkelse (98) af mellemrummet (92)
opretholdes.

hvor den varierende tykkelse (98) er pd et minimum (100) ved den ene eller flere
koblingssteder (94),

hvor den ene eller flere koblingssteder (94) omfatter en eller flere farste stiftsamlinger
(51) ved den modtagende ende (54) af bjeelkestrukturen (40) og en eller flere andre
stiftsamlinger (53) placeret langs bjeelkestrukturen (40) mod en anden ende (90), og

kendetegnet ved at
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den varierende tykkelse (98) er ved et maksimum (102) ved et midtpunkt mellem den ene

eller flere fgrste stiftsamlinger (51) og den ene eller flere andre stiftsamlinger (53).

9. Fremgangsmade ifelge krav 8, hvor bjeelkestrukturen (40) omfatter en eller flere bjeelkeflanger
(eng: spar caps) (46, 48), og hvor en tykkelse (108) af den ene eller flere bjeclkeflanger (46, 48)

er pd et minimum ved en eller flere koblingssteder (94).
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200
\‘

PROVIDE A FIRST BLADE SEGMENT HAVING A BEAM STRUCTURE
EXTENDING LENGTHWISE FROM A RECEIVING END THEREOF

210
S

\

PROVIDE A SECOND BLADE SEGMENT HAVING A RECEIVING SECTION
CONFIGURED TO RECEIVE THE BEAM STRUCTURE

0
s

Y

INSERT THE RECEIVING END OF THE BEAM STRUCTURE OF THE FIRST BLADE
SEGMENT INTO THE RECEIVING SECTION OF THE SECOND BLADE SEGMENT,
WHEREIN AN OUTER SURFACE OF THE BEAM STRUCTURE AND AN INNER
SURFACE OF THE RECEIVING SECTION DEFINE A GAP THEREBETWEEN, THE
GAP HAVING A VARYING THI(KR%ETS(;R"IlBI.TEII)EESPAN-WISE DIRECTION OF THE

206
I

\

SECURE THE FIRST AND SECOND BLADE SEGMENTS TOGETHER AT ONE OR
MORE CONNECTION LOCATIONS SUCH THAT THE VARYING THICKNESS OF
THE GAP IS MAINTAINED

Jr208

FiG. 11
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