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DESCRIPTION

Description

RELATED APPLICATIONS

[0001] This application claims priority to U.S. Serial No.: 16/132,732 filed on September 17,
2018.

FIELD

[0002] The present subject matter relates generally to wind turbine rotor blades and, more
particularly, to a jointed blade with a system for supplying heat to the tip blade segment
separately from the root blade segment.

BACKGROUND

[0003] 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, generator, gearbox, nacelle, and one or more
rotor blades. The rotor blades capture kinetic energy from wind using known foil principles and
transmit the kinetic energy through rotational energy 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.

[0004] Wind turbine rotor blades generally include a body shell formed by two shell halves of a
composite laminate material joined together along the leading and trailing edges of the blade.
Internal support structure, such as spar caps and shear webs, provide the structural properties
to the blade (e.g., stiffness, buckling resistance, and strength) needed for the blade to
withstand the bending moments and other loads exerted on the rotor blade during operation.

[0005] In recent years, wind turbines for wind power generation have significantly increased in
size to achieve improvement in power generation efficiency and to increase the amount of
power generation. Along with the increase in size of wind turbines for wind power generation,
wind turbine rotor blades have also significantly increased in size (e.g., up to 55 meters in
length), resulting in difficulties in integral manufacture as well as conveyance and transport of
the blades to a site.
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[0006] In this regard, the industry is developing sectional wind turbine rotor blades wherein
separate blade segments are manufactured and transported to a site for assembly into a
complete blade (a "jointed” blade). In certain constructions, the blade segments are joined
together by a beam structure that extends span-wise from one blade segment into a receiving
section of the other blade segment. Reference is made, for example, to US Patent Publication
No. 2015/0369211, which describes a first blade segment with a beam structure extending
lengthways that structurally connects with a receiving section in a second blade segment. The
beam structure forms a portion of the internal support structure for the blade and includes a
shear web connected with a suction side spar cap and a pressure side spar cap. Multiple bolt
joints are used to connect the beam structure with the receiving section in the second blade
segment, including a span-wise bolt on the end face of the beam and at least one chord-wise
bolt through the beam structure spaced from the joint line between the blade segments.

[0007] Similarly, US Patent Publication No. 2011/0091326 describes a jointed blade wherein a
first blade portion and a second blade portion extend in opposite directions from a joint. Each
blade portion includes a spar section forming a structural member of the blade and running
lengthways, wherein the first blade portion and the second blade portion are structurally
connected by a spar bridge that joins the spar sections. The spar bridge may be an extension
of one of the spar sections that is received in a receiving spar section of the other blade
portion. This configuration also uses a threaded bolt extending from the end face of the spar to
connect and tension the spar in the receiving spar section.

[0008] Jointed wind turbine blades are, however, just as susceptible to icing as conventional
blades. Under certain combinations of atmospheric conditions, the rotor blades can become
covered with ice. For an operational wind turbine, ice buildup typically occurs on the leading
edge of the blade, resulting in a modified airfoil shape and reduced lifting capability. As the ice
layer becomes increasingly thick, weight is added to the airfoil, further reducing the lifting
capability and the aerodynamic performance of the rotor blade. Ice shedding (the throwing off
of ice as the blades rotate) can also be a safety issue, particularly for wind turbines located
near residential areas. For wind turbines that are stopped or idling, ice will generally form
uniformly over the entire surface of the blades, thereby necessitating deicing of the entire
blade before the wind turbine can be placed back in operation.

[0009] Methods and devices are known and practiced for deicing wind turbine rotor blades,
which include preventing icing on the rotor blades when atmospheric conditions are favorable
for ice formation. For example, installing resistive heating wires or other electrical conductors
onto the leading edge or other surfaces of the rotor blade is known. The Canadian patent CA
2228145(counterpart to EP 0842360 B1) describes a system for deicing wind turbine rotor
blades wherein a heated medium, which may be the air within the blade cavity, is channeled to
internal cavities within the blade. The heated medium is directed from the blade root area into
a cavity behind the leading edge of the blade, and then diverted at the blade tip into a cavity
along the trailing edge of the blade and back to the root area. A fan with integrated heating
elements is provided in the blade root to generate and maintain circulation of the heated
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medium. The chambers or cavities may be defined by reinforcement ribs that run parallel to
the longitudinal axis of the blade.

[0010] The tip section is the area of the blade most susceptible to icing, and heating systems
have been devised to improve upon conventional systems (like that described in the CA
2228145 patent) wherein the warmest air is not directed to the tip of the blade first, but along
the entire length of the leading edge before reaching the blade tip. Reference is made, for
example, to US Patent Application Publication 2015/0056074 for improved system designs that
adequately supply heated air into the tip section of the blade.

[0011] US Patent Application Publication 2017/0314536 describes a deicing system for a wind
turbine blade that utilizes an air heating system and an independently controlled electric
heating system, wherein the electric system uses a heating element disposed on the leading
edge of the blade adjacent to the blade tip.

[0012] Jointed wind blades, however, use various configurations of internal spar structure at
the chord-wise j oint. This structure is an impediment to the flow of a heating medium into the
tip segment, or a continuous heating element (e.g., a resistance mat or web) across the joint
structure.

[0013] Therefore, an improved heating system is needed for a jointed blade that can
adequately supply the tip segment of the blade with heat for deicing capability.

[0014] US 2018 / 135 596 A1 relates to wind turbines and. more particularly, to a system for
actuating wind turbine blades in the wind turbine. WO 2017 / 147 698 A2 describes a system
and method for de-icing a wind turbine blade.

BRIEF DESCRIPTION

[0015] 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.

[0016] In one aspect, the present disclosure is directed to a jointed wind turbine rotor blade
with an improved heating system to deliver adequate deicing heat to the tip-end blade
segment. The blade includes a first blade segment and a separate second blade segment.
Each of the first and second blade segments has a pressure side shell member and a suction
side shell member. The blade segments are joined together at a chord-wise joint that may be
located closer to the tip end of the blade than the root end. For example, the chord-wise joint
may be at approximately 10 meters from the blade tip for a blade in excess of 50 meters in
span-wise length. Internal joint structure joins the first and second blade segments across the
chord-wise joint. This joint structure is not limited to a particular configuration, and various such
structures are taught and known in the art. A first heating system is configured within the first
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blade segment, and a second heating system is configured within the second blade segment.

[0017] In a particular embodiment, the first blade segment is adjacent a root end of the wind
turbine blade and the second blade segment is adjacent is adjacent a tip end of the wind
turbine blade. It should be appreciated that the invention encompasses a wind turbine blade
with multiple blade segments, wherein the chord-wise joint in accordance with aspects of the
invention is provided between the multiple blade segments.

[0018] A disconnectable coupling is configured between the first and second blade segments
at the chord-wise joint, wherein the coupling is configured to supply power or a fluid medium
from the first blade segment across the chord-wise joint for use by the second heating system
in the second blade segment. The type of coupling will depend on the fluid medium or power
requirements. For example, if the fluid medium is a heated liquid, various fluid couplings
(including quick-disconnect couplings) are readily available for connecting a conduit in the first
blade segment to a conduit in the second blade segment in order to convey the liquid from a
heat source in the first blade segment to a heat exchanger in the second blade segment, and
to return the liquid to the heat source in a closed-loop configuration. The couplings are
connectable and disconnectable via any manner of suitable configurations. For example, the
couplings may include threaded fittings, pressure fittings, latching members, and so forth.
Electrical couplings may include plug/socket connectors, pin connectors, terminal board
connectors, and so forth.

[0019] In an example usage of the invention, the first and second heating systems are
independently controllable. A separate controller, heat source, motive means, and so forth, are
provided in the first blade segment for each of the first and second heating systems. In another
embodiment, the first and second heating systems may be commonly controlled. For example,
the second heating system may be an operational extension of the first heating system and
utilize the same heated medium, motive means, controller, and so forth.

[0020] In a certain embodiment, the internal joint structure includes a beam structure or
member that extends span-wise from one of the blade segments into a receiving section
formed in the other blade segment, wherein the coupling is configured with the beam structure
and receiving section. For example, the coupling may be configured across an external surface
of the receiving section and an external surface of the beam structure at the chord-wise joint.
In another embodiment, the coupling may be configured through the receiving section and into
the beam structure, wherein the power or fluid medium is conveyed through an internal conduit
in the beam structure into the second blade segment.

[0021] In still another embodiment, the internal joint structure may include one or more chord-
wise walls separating the first and second blade segments at the chord-wise joint, wherein the
coupling includes one or more disconnectable conduits for the power or fluid medium through
the chord-wise walls.

[0022] In an embodiment of particular heating systems, the first heating system may be a hot
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air heating system configured within the first blade segment, and the second heating system
may be an electrical heating system configured within the second blade segment. The coupling
may be a disconnectable electrical coupling between a power source in the first blade segment
and a heating element in the second blade segment.

[0023] With an embodiment wherein the heating system in the second blade segment is
electrical, "coupling” may also encompass a power cord that is sufficiently long to extend from
the power source in the first blade segment, through the joint structure, and connect to a
heating element in the second blade segment. Thus, this "coupling" is disconnectable (can
disconnect from the power source or the heating element) and serves to connect the power
source in the first blade segment to the heating element in the second blade segment.

[0024] In another embodiment, the first heating system is a hot air heating system configured
within the first blade segment, and the second heating system is a hot air heating system within
the second blade segment. The coupling may include disconnectable ducting that supplies hot
air across the chord-wise joint and into the second blade segment. This hot air may be
supplied from the same source that supplies the first heating system, or may be from a
separate dedicated source for the second blade segment. With this embodiment, the internal
joint structure may include a beam structure extending span-wise from one blade segment
(e.g., the second blade segment) into a receiving section formed in the other blade segment
(e.g., the first blade segment), where the beam structure and receiving section define a
blockage that prevents the hot air from being conveyed into the second blade segment through
the receiving section and beam structure. The ducting defines a bypass around the blockage
and into the second blade segment. For example, the beam structure may be an extension of
the spar structure in the second blade segment, and the ducting may define a path for the hot
air into a spar structure within the second blade segment.

[0025] The jointed wind turbine blade may further include a lightning strike conductor that
bridges the chordwise joint and connects blade tip receptors to a blade root grounding system,
wherein the conductor includes an in-line disconnectable coupling at the chordwise joint.

[0026] The present invention also encompasses a wind turbine that utilizes one or more of the
jointed wind turbine blades embodied herein.

[0027] Still further, the present invention encompasses a method for supplying heat for deicing
in a jointed wind turbine rotor blade, wherein the blade includes a first blade segment adjacent
a root end of the wind turbine rotor blade, a second blade segment adjacent a tip end of the
wind turbine rotor blade, and internal joint structure joining the first and second blade
segments across a chord-wise joint that separates the first and second blade segments. The
method includes configuring a first heating system within the first blade segment, and
configuring a second heating system within the second blade segment. A disconnectable
coupling is configured between the first and second blade segments at the chord-wise joint.
The method includes supplying power or a fluid medium from the first blade segment, through
the coupling, and across the chord-wise joint for use by the second heating system in the
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second blade segment.

[0028] Various method embodiments include any combination of the aspects discussed above
and set forth in greater detail below.

[0029] 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

[0030] 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 a wind turbine that may utilize a jointed wind turbine
blade according to the present disclosure;

Fig. 2 illustrates a rotor blade having a first blade segment and a second blade segment, and
joint structure that connects the blade segments;

Fig. 3 is a perspective view of an embodiment of a blade segment with joint structure that
includes a beam member;

Fig. 4 is a perspective view of an embodiment of a blade segment with joint structure that
includes a receiving section;

Fig. 5 is a partial cut-away view of an embodiment of a jointed wind turbine blade with heating
systems;

Fig. 6 is a partial cut-away view of another embodiment of a jointed wind turbine blade with
heating systems;

Fig. 7 is a partial cut-away view of still a different embodiment of a jointed wind turbine blade
with heating systems;

Fig. 8 is a top diagram view of an embodiment of joint structure and a coupling in accordance
with aspects of the present invention;

Fig. 9 is a top diagram view of another embodiment of joint structure and a coupling; and

Fig. 10 is a top diagram view of still a different embodiment of joint structure and a coupling.
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DETAILED DESCRIPTION OF THE INVENTION

[0031] Reference now will be made in detail to embodiments of the invention, one or more
examples of which are illustrated in the drawings. Each example is provided by way of
explanation of the invention, not limitation of the invention. In fact, it will be apparent to those
skilled in the art that various modifications and variations can be made in the present invention
without departing from the scope 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.

[0032] As mentioned, the present subject matter is directed generally to jointed wind turbine
rotor blades having an improved heating system for delivering adequate deicing capability to
the tip-end blade segment.

[0033] Referring now to the drawings, Fig. 1 is a side view of an exemplary wind turbine 10
that may use jointed wind turbine rotor blades in accordance with an embodiment of the
present invention. In this embodiment, the wind turbine 10 is a horizontal-axis wind turbine.
Alternatively, the wind turbine 10 may be a vertical-axis wind turbine. In the present
embodiment, the wind turbine 10 includes 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. 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 to a blade root 19.

[0034] Referring to Figs. 2 and 3, a jointed rotor blade 28 is depicted having a first blade
segment 32 and a second blade segment 30 in accordance with aspects of the present
technology. As mentioned, the jointed rotor blade 28 may include more than two blade
segments. The first blade segment 32 and the second blade segment 30 extend in opposite
directions from a chord-wise joint line 34. Each of the blade segments 30, 32 includes a
pressure side shell member 31 and a suction side shell member 33. The first blade segment
32 and the second blade segment 30 are connected by an internal support structure 36
extending into both blade segments 30, 32 to facilitate joining of the blade segments 30, 32.
The arrow 38 shows that the segmented rotor blade 28 in the illustrated example includes two
blade segments 30, 32 and that these blade segments 30, 32 are joined by inserting the
internal support structure 36 into the first blade segment 32.

[0035] In the depicted embodiment, the second blade segment 30 is a tip-end blade segment,
and the first blade segment 32 is a root-end blade segment. Joint structure is provided
between the blade segments 30, 32. The invention is not limited to any particular type of joint
structure. In a particular embodiment depicted in the figures, the second blade segment 30
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includes a beam structure 40 that forms a portion of the internal support structure 36 and
extends lengthways (e.g., span-wise) for structurally connecting with the internal support
structure 36 in the first blade segment 32. The beam structure 40 may be integrally formed
with the second blade segment 30 as an extension protruding from a spar section 42, thereby
forming an extended spar section. The beam structure 40 includes at least one interconnecting
web 44 (e.g., a shear web) connected with a suction side spar cap 46 and a pressure side spar
cap 48. In the illustrated embodiments, the beam structure 40 is formed as a box-type
structure having opposite interconnecting webs 44.

[0036] The second blade segment 30 may include one or more first bolt joints (also referred to
as "pins") towards a first end 54 of the beam structure 40. For example, a bolt 52 may be
located on the end 54 of the beam structure 40 and oriented in a span-wise direction. The
second blade segment 30 may also include a bolt joint slot 50 oriented in a chord-wise
direction and located on the beam structure 40 at a distance E from the chord-wise joint 34
and a distance D to the end 54 of the beam structure 40. There may be a bushing within the
bolt joint slot 50 arranged in a tight interference fit with a bolt tube or pin 53 used to connect
the second blade segment 30 to first blade segment 32. It should be appreciated that any
combination of bolt tubes 52, 53 and bolt slots 50 may be configured between the beam
structure 40 and a receiving section 60 (Fig. 4) for the purpose of interconnecting the first 32
and second 30 blade segments.

[0037] In Fig. 4, the internal support structure 36 includes a receiving section 60 extending
lengthways (span-wise) within the first blade segment 32 for receiving the beam structure 40 of
the second blade segment 30. The receiving section 60 includes multiple spar structure
components 66 that extend lengthways for connecting with the beam structure 40 of the
second blade segment 30 along a length of the receiving section 60. Although not depicted in
Fig. 4, it is readily understood that the receiving section 60 includes any combination of bolt
slots 50 or bolts 52, 53 for interconnecting with corresponding bolts or slots of the beam
structure 40. For example, a bolt slot is configured in a distal end (away from the chord-wise
joint 34) of the receiving section 60 for receipt of the bolt 52 provided on the end 54 of the
beam structure 40.

[0038] It should be appreciated that the internal joint structure this is for explanation purposes
only, and that the internal joint structure 36 may be reversed such that the beam structure 40 is
configured with the first blade segment 32 and the receiving section 60 is configured with the
second blade segment 30.

[0039] Referring to Fig. 5, a jointed wind turbine blade 28 is shown with a first heating system
100 is configured within the first blade segment 32, and a second heating system 102 is
configured within the second blade segment 30. The blade 28 includes a leading edge 74 and
a trailing edge 76, as well as a root portion 19, and a tip portion 17. The blade 28 extends in a
longitudinal, span-wise direction and, as is well known in the art, the upper shell member 31,
33 (Fig. 4) are joined together at the leading edge 74 and trailing edge 76. The blade 28
includes an internal cavity in which various structural members, such as spar caps 46, 48 (Fig.
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3) and shear webs are configured. The construction and function of the internal structural
components of the blade 28 are well known to those skilled in the art and need not be
described in detail herein for an understanding and appreciation of the present invention.

[0040] In the depicted embodiment of Fig. 5, the first heating system 100 is a hot air heating
system and includes any manner of structural members 70, such as webs 78, 80, walls, ducts,
baffles, dampers, and so forth, disposed within the internal volume of the rotor blade 28. The
webs 78, 80 may correspond to the shear webs. In this embodiment, these members define a
middle circulation channel that is common to a leading edge fluid circulation loop and a
separate trailing edge fluid circulation loop, as indicated by the flow arrows in the figure. In an
alternate embodiment, a single, continuous flow path could be established wherein the leading
and trailing edge flows are serial (one-after-the-other) within the single loop.

[0041] The first heating system 100 is disposed within the internal volume of the rotor blade 28
and is configured with the structural members 70 so as to direct a heated fluid medium (e.g.,
air) simultaneously through the leading edge and trailing edge fluid circulation loops. This
system 100 may include any combination of air handling components, such a one or more
fans, heater elements, dampers, ducts, and the like. In the embodiments depicted in the
various figures, the first heating system 100 includes a fan heater 82, which is intended to
encompass any configuration of a fan and heating elements. For example, the fan heater 66
may include a fan, one or more diffusers/ducts, and heating element within the same housing
or separate housings. The heating elements may be resistive elements, and any other suitable
heating element or system.

[0042] It should be appreciated that the first heating system 100 is not limited to a single flow
direction through the leading and trailing edge circulation loops. For example, in the
embodiment of Fig. 5, the fan heater 82 is disposed so as to direct a heated outflow airstream
along the middle circulation channel to an area adjacent walls or other structure at the blade
joint 34. From there, the outflow airstream is directed into separate return airstreams or legs of
the respective circulation loops that flow along the leading edge 74 and the trailing edge 76
channels and back to the blade root 19, thereby establishing the counter-rotating flow path
loops depicted in the figure.

[0043] Still referring to the embodiment of Fig. 5, the second heating system 102 is an
electrical system that includes a resistive heating element 122, such as a heating pad or mat,
disposed within the internal volume of the second blade segment 30 along the leading edge
74. The heating element 122 is supplied with power from an electric power source 120 located
in the blade root 19. The power source 120 may include a controller for controlling the second
heating system 102 separate from the first heating system 100. A supply conduit or line 114
delivers power from the source 120 to the chord-wise joint 34.

[0044] A disconnectable coupling 104 is configured between the first and second blade
segments 32, 30 at the chord-wise joint 34, wherein the coupling 104 is configured to supply
the electrical power (or a fluid medium in other embodiments) from the first blade segment 32
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across the chord-wise joint 34 for use by the second heating system 102 in the second blade
segment 30. In the embodiment of Fig. 5, the coupling 104 is specifically provided as an
electrical coupling between the supply line 114 and the heating element 122. Various types of
electrical couplings are well-known and may be used in the present system, such as
plug/socket connectors, pin connectors, terminal board connectors, and so forth. Components
of the coupling 104 may be housed in respective junction boxes 106 configured at the chord-
wise joint 34 that structurally support and protect the coupling 104.

[0045] Alternatively, the power supply line or conduit 114 may be configured as a power cord
that is sufficiently long to extend from the power source 120 in the first blade segment 32,
through the joint structure and chord-wise joint 34, and connect to the heating element 122 in
the second blade segment 30.

[0046] It should be appreciated that the type of coupling 104 will depend on the fluid medium
or power requirements of the second heating system 102. The coupling 104 is preferably
disconnectable with minimal tool requirements, and may be manually disconnectable. For
example, the coupling 104 may be a manually releasable quick-disconnect coupling 104.

[0047] Fig. 5 also depicts that the jointed blade 28 may include a lightning strike conductor 150
that connects with a plurality of lightning receptors 152 disposed span-wise along the blade
segments 32, 30 and embedded or otherwise incorporated in the shell components. The
conductor 150 is connected to a blade root grounding system 154 that grounds the receptors
152, as is well-known to those skilled in the art and does not require a detailed explanation
herein. A disconnectable coupling 156 is configured in-line with the conductor 159 at the chord-
wise joint 34. This coupling 156 may be any manner of conventional quick-disconnect coupling
specifically designed for electrical conduction lines.

[0048] Fig. 6 depicts an embodiment wherein the second heating system 102 is configured as
a heated liquid system wherein a heated liquid is conveyed from a heat source 120 in the root
19 through a supply conduit 114 to the liquid coupling 104 at the chord-wise joint 34. The liquid
coupling 104 connects with a heat exchanger mat or pad 132 disposed within the second blade
segment 30 along the leading edge 74. After passing through the heat exchanger mat 132, the
cooled liquid is conveyed through the coupling 104 to a return conduit 115 in the first blade
segment 32 in a closed-loop system. The liquid coupling 104 includes separate coupling
components for the supply 114 and return 115 conduits, and may threaded fittings, pressure
fittings, latching members, and so forth.

[0049] Fig. 7 depicts an embodiment wherein the first heating system 100 is a hot air heating
system configured within the first blade segment 32, and the second heating system 102 is a
hot air heating system within the second blade segment 30. The coupling 104 may include
disconnectable ducting that supplies hot air across the chord-wise joint34 and into a conduit,
baffling, or other directional structure in the second blade segment 30. This hot air may be
supplied from a separate dedicated source 134 and supply duct or channel 124 for the second
blade segment 30. Alternatively, the second heating system 102 may be an operational



DK/EP 3853476 T3

extension of the first heating system 100 and utilize the same heated medium, motive means,
controller, and so forth. For example, the coupling 104 may be configured at the end of the
central channel from the same source 82 that supplies the first heating system 100.

[0050] Referring to Fig. 8, in a certain embodiment, the internal joint structure 36 includes a
beam structure or member 40 that extends span-wise from one of the blade segments (in this
case, the second blade segment 30) into a receiving section 60 formed in the other blade
segment (in this case, the first blade segment 32), wherein the coupling 104 is configured with
the beam structure 40 and receiving section 60. The joint structure 36 (particularly the end 54
of the beam 40 and wall 63 delimiting the receiver section 60) essentially defines a blockage
128 that prevents a heated medium, such as hot air, from being conveyed directly into the
second blade segment 30 through the receiving section 60 and beam structure 40. The
coupling 104 defines a bypass 126 around the blockage 128. For example, in Fig. 8, the
coupling 104 may be configured across an external surface 108 of the receiving section 60 and
an external surface1 10 of the beam structure 40 at the chord-wise joint 34 to interconnect the
supply line or conduit 114 in the first blade segment 32 with the conduit or line 144 in the
second blade segment 30 that supplies the second heating system.

[0051] Fig. 9 depicts an embodiment the coupling 104 is configured through the external wall
108 of the receiving section 60 and into an interior of the beam structure 40. The coupling 104
includes mating components on an interior wall 111 of the beam structure 40, wherein the
power or fluid medium is conveyed through an internal conduit 112 in the beam structure 40
into the second blade segment 30. In this embodiment, the beam structure 40 may be an
extension of the spar structure 66 running span-wise through the second blade segment 30.
Again, this configuration defines a bypass 126 around the blockage 128.

[0052] Fig. 10 depicts an embodiment the internal joint structure 36 includes one or more
chord-wise walls 116 separating the first 32 and second 30 blade segments at the chord-wise
joint 34. The coupling 104 includes one or more disconnectable conduits 118 for the power or
fluid medium from the supply 114 in the first blade segment 30, through the chord-wise walls
116, and to the supply line or conduit 144 in the second blade segment 30.

[0053] It should be appreciated that the present invention also encompasses a wind turbine 10
(Fig. 1) that utilizes one or more of the jointed wind turbine blades 28 embodied herein.

[0054] It is also understood that the present invention encompasses a method for supplying
heat for deicing in a jointed wind turbine rotor blade 28, wherein the blade 28 includes a first
blade segment 32 adjacent a root end 19 of the wind turbine rotor blade, a second blade
segment 30 adjacent a tip end 17 of the wind turbine rotor blade, and internal joint structure 36
joining the first 32 and second 30 blade segments across a chord-wise joint 34 that separates
the first and second blade segments. The method includes configuring a first heating system
100 within the first blade segment 32, and configuring a second heating system 102 within the
second blade segment 30. A disconnectable coupling 104 is configured between the first 32
and second 30 blade segments at the chord-wise joint 34. The method includes supplying
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power or a fluid medium from a source 120 in the first blade segment 32, through the coupling
104, and across the chord-wise joint 34 for use by the second heating system 102 in the
second blade segment 30.

[0055] Various aspects discussed above with respect to Figs. 5 through 10 support additional
method embodiments.

[0056] 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, including
making and using any devices or systems and performing any incorporated methods. The
patentable scope of the invention is defined by the appended claims.

REFERENCES CITED IN THE DESCRIPTION

Cited references

This list of references cited by the applicant is for the reader's convenience only. It does not
form part of the European patent document. Even though great care has been taken in
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all
liability in this regard.

Patent documents cited in the description

o US13273218 [RGG11

o USZ0150362211A 10008}
o USZOTI0081328A [000T
o CAZZZ8145 [0008] [8018]
o EPRQS423G0H1T I080%]

o USZO150058074 OGN
o USZ0170314536 (0G4
o USZOIEI35508A1 [6014]
o WOZOI1T147853A2 100148




10

15

20

25

30

35

DK/EP 3853476 T3

KRAV

1. En segmenteret vindmgllerotorvinge (28), omfattende:

et fgrste vingesegment (32);

et andet vingesegment (30);

hvert af det fgrste og andet vingesegment omfatter et tryksideskalelement (31) og et
sugesideskalelement (33);

en kordevis samling (34), der adskiller det fgrste og det andet vingesegment;
indvendig samlingsstruktur (36), der forbinder det forste og andet vingesegment pé
tveers af den kordevise samling;

et farste varmesystem (100) konfigureret inden i det fgrste vingesegment;

et andet varmesystem (102) konfigureret inden i det andet vingesegment; og

hvor det fgrste (100) og det andet varmesystem (102) er uafhangigt styrbare, og en
separat styreenhed, varmekilde og drivmiddel er tilvejebragt i det forste
vingesegment for hvert af det fgrste (102) og andet varmesystem (102); og

en afbrydelig kobling (104), der er konfigureret mellem det fgrste og det andet
vingesegment ved den kordevisesamling, koblingen er konfigureret til at levere strgm
eller et flydende medium fra det fagrste vingesegment hen over den kordevise samling

til brug af det andet varmesystem i det andet vingesegment.

2. Segmenteret vindmgllerotorvinge (28) ifslge krav 1, hvor det fagrste vingesegment (32)
stader op til en rodende (19) af vindmgllerotorvingen, og det andet vingesegment (30)

stgder op til en spidsende (17) pa vindmgllens rotorvinge.

3. Segmenteret vindmgllerotorvinge (28) ifalge krav 1 eller 2, hvor det fgrste (100) og det

andet (102) varmesystem er uafhangigt styrbare eller er feelles styrbare.

4, Segmenteret vindmgllerotorvinge (28) ifalge et hvilket som helst af kravene 1 til 3, hvor den
indvendige samlingsstruktur (36) omfatter en bjaelkestruktur (40), der strackker sig
spaendviddevist fra en af den fgrste (32) eller anden (30) vingesegmenter ind i en
modtagesektion (60) dannet i den anden af det andet eller fgrste vingesegment, koblingen
(104) er konfigureret pd tveers af en udvendig overflade (108) af modtagesektionen og en

udvendig overflade (110) af bjeelkestrukturen ved den kordevise samling (34).
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Segmenteret vindmagllerotorvinge (28) ifglge et hvilket som helst af kravene 1 til 3, hvor den
indvendige samlingsstruktur (36) omfatter en bjaelkestruktur (40), der strackker sig
spandviddevist fra en af den farste (32) eller anden (30) vingesegmenter ind i en
modtagesektion (60) dannet i den anden af det andet eller fgrste vingesegment, koblingen
(104) er konfigureret gennem modtagesektionen og ind i bjeelkestrukturen, hvor strammen

eller det flydende medium transporteres gennem en intern ledning (112) i bjeelkestrukturen.

Segmenteret vindmagllerotorvinge (28) ifglge et hvilket som helst af kravene 1 til 5, hvor den
indvendige samlingsstruktur (36) omfatter en eller flere kordevise vaegge (116), der adskiller
det fgrste (32) og det andet (30) vingesegment ved den kordevise samling (34), hvor
koblingen (104) omfatter en eller flere afbrydelige ledninger (118) for strom- eller

fluidmediet gennem de kordevise veegge.

Segmenteret vindmgllerotorvinge (28) ifglge et hvilket som helst af kravene 1 til 6, hvor det
fgrste varmesystem (100) omfatter et varmluftvarmesystem konfigureret inden i det fgrste
vingesegment (32) og det andet varmesystem (102) omfatter et elektrisk varmesystem
konfigureret inden i det andet vingesegment (30), hvor koblingen (104) omfatter en
afbrydelig elektrisk kobling mellem en strgmkilde (120) i det fagrste vingesegment og et

varmeelement (122) i det andet vingesegment.

Segmenteret vindmgllerotorvinge (28) ifglge krav 7, hvor den indvendige samlingsstruktur
(36) omfatter en bjaelkestruktur (40), der straekker sig spaendviddevist fra det andet
vingesegment (30) ind i en modtagesektion (60) dannet i farste vingesegment (32), hvor
bjeelkestrukturen definerer en blokering (128) til varm luft, der fgres gennem
modtagesektionen fra at komme ind i det andet vingesegment, idet kanalen (128) definerer

en bypass (126) rundt om blokeringen og ind i det andet vingesegment.

Segmenteret vindmgllerotorvinge (28) ifalge et hvilket som helst af kravene 1 til 6, hvor det
fgrste varmesystem (100) omfatter et varmluftvarmesystem konfigureret inden i det fgrste
vingesegment (32) og det andet varmesystem (102) omfatter et varmluftvarmesystem inden
i det andet vingesegment (30), hvor koblingen (104) omfatter en afbrydelig kanal (124), der

tilfgrer varm luft hen over den kordevise samling (34) og ind i det andet vingesegment.

. Segmenteret vindmgllerotorvinge (28) ifalge et hvilket som helst af kravene 1 til 9, yderligere

omfattende en lynnedslagsleder (150), der laver en forbindelse hen over den kordevise
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samling (34) og forbinder vingespidsreceptorer (152) til et vingerodsjordingssystem (154),

lynnedslagslederen omfattende et in-line afbrydeligt stik (156) ved den kordevise samling.

Vindmglle (10), omfattende en eller flere af de segmenterede vindmagllevinger (28) ifglge et

hvilket som helst af kravene 1 til 10.

Fremgangsmade til tilfgrsel af varme til afisning i en segmenteret vindmgllerotorvinge (28),
hvor vingen indbefatter et fgrste vingesegment (32) tilstsdende en rodende (19) af
vindmgllerotorvingen, et andet vingesegment (30) tilstadende en spidsende (17) af
vindmgllens rotorvinge og en indvendig samlingsstruktur (36), der forbinder det farste og
det andet vingesegment pd tvaers af en kordevis samling (34), der adskiller det farste og

andet vingesegment, hvilken fremgangsmdade omfatter:

konfiguration af et fgrste varmesystem (100) inden i det fagrste vingesegment (32);
konfiguration af et andet varmesystem (102) inden i det andet vingesegment (30);
hvor det fgrste (100) og det andet varmesystem (102) er uafhangigt styrbare, og en
separat styreenhed, varmekilde og drivmiddel er tilvejebragt i det forste
vingesegment for hvert af det fgrste (100) og andet varmesystem (102); og
konfiguration af en afkoblelig kobling (104) mellem det farste og andet vingesegment
ved den kordevise samling; og

tilfgrsel af strgam eller et flydende medium fra det fgrste vingesegment, gennem
koblingen og hen over den kordevise samling til brug af det andet varmesystem i det

andet vingesegment.

Fremgangsmade ifalge krav 12, hvor den indvendige samlingsstruktur (36) indbefatter en
bjeelkestruktur (40), der straekker sig spaendviddevist fra det andet vingesegment (30) ind i
en modtagesektion (60) dannet i det farste vingesegment (32), hvilken fremgangsmade
omfatter konfigurering af koblingen med modtagesektionen og bjaelkestrukturen og
transport af strgmmen eller det flydende medium hen over den kordevise samling (34) og

ind i det andet vingesegment gennem en intern ledning (112) i bjeelkestrukturen.
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