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DESCRIPTION

Field of the invention

[0001] The invention relates to wind turbine blades.

Background to the invention

[0002] WInd turbines for generating electricity from atmospheric air flows are now well known.
Wind turbines typically comprise a rotor having several aerofoil-shaped blades extending from
a hub connected to a rotatable shaft. The rotor is oriented into the wind such that as air flows
across the wind turbine blades, a lift force Is exerted on each blade, causing the rotor and the
shaft to rotate, and a generator to thereby generate electricity.

[0003] The power generated by a wind turbine i1s directly dependent on the effective surface
area swept by the wind turbine blades as they rotate. Accordingly, wind turbines having longer
blades typically generate more power. However, as the blade size Increases, so does the
weight of the blades. There Is therefore a need to develop wind turbine blades made of lighter
materials, but which are still strong enough to withstand the forces exerted on a wind turbine
blade, for the construction of larger blades. This is particularly true for the development of the
large, low-weight blades required for state-of-the-art 10 to 20 MW wind turbines. Additionally,
there Is a need for blades having advanced control features which allow the shapes and
properties of the blades to be actively controlled In response to changing wind conditions In
order to further improve wind turbine efficiency.

[0004] One way to decrease the weight of wind turbine blades is to replace portions of the
external surface of each blade with tensioned textile. US2014/0119940A1, for example,
discloses a wind turbine blade with a self-supporting structural framework having multiple
chord-wise members and one or more span-wise members, each of the multiple chord-wise
members having an aerodynamic contour. The wind turbine blade also comprises a fabric skin
located over the self-supporting structural framework Iin a tensioned state to generate an
aerodynamic surface. The fabric skin Is attached via multiple tensioning members to both the
chord-wise members and the span-wise members. However, the tensioned fabric surface
disclosed In US2014/0119940A1 i1s divided into multiple portions which run transversely across
the blade. The blade also exposes multiple tensioning members which disrupt the external
surface of the blade and which are at risk of attracting lightning strikes. US2014/0119940A1
also discloses a large number of internal and external structural components, all of which
contribute to the weight of the blade. Moreover, US2014/0119940A1 discloses that the fabric
skin portions are tensioned between the multiple tensioning members during construction, but

the tension In the fabric skin may not be controlled actively during use. Another prior art
example can be found in EP2728167.
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[0005] Accordingly, it would be beneficial to provide a wind turbine blade which is light-weight
but which Is also stiff and strong. Some embodiments of the invention aim to reduce problems
of UV damage to, and erosion of, wind turbine blade outer surfaces. Some embodiments of the
iInvention aim to provide a wind turbine blade which may be transported easily In its separate
constituent parts. Some embodiments of the invention aim to provide a wind turbine blade
which does not present an increased lightning strike risk.

Summary of the invention

[0006] A first aspect of the invention provides a wind turbine blade comprising an external skin
comprising tensioned fabric supported along a majority of the length of the wind turbine blade
by two or more elongate fabric supporting members, the external skin being connected to each
of the two or more elongate fabric supporting members.

[0007] In use, the wind turbine blade Is typically connected to the hub of a wind turbine, the
hub itself being fixed to a rotatable shaft. It may be that the wind turbine blade Is fixedly
attached to the hub of the wind turbine. Alternatively, it may be that the wind turbine blade Is
connected to the hub by way of a blade tilt control mechanism. The blade tilt control
mechanism typically provides controllable tilt of the wind turbine blade. The blade tilt control
mechanism may comprise an adjustable pitch and/or yaw mechanism. A plurality of wind
turbine blades (for example three such wind turbine blades) each according to the first aspect
of the invention are typically connected to (e.g. fixedly attached to) the hub. Together the wind
turbine blade(s), the hub and the shaft define a rotor of the wind turbine. Each wind turbine
blade Is typically oriented such that air flowing towards the rotor and subsequently across the
external skin of said wind turbine blade exerts a lift force on said wind turbine blade causing
the wind turbine blade, the hub and the shaft to rotate about an axis parallel to, and extending
through the centre of, the shaft. The wind turbine typically generates electricity from the
resultant rotation of the shaft, for example by the shaft driving an electrical generator.

[0008] The external skin comprising tensioned fabric is typically light-weight (e.g. because the
fabric 1s typically light-weight). Accordingly, the overall weight of the wind turbine blade is
reduced In comparison to wind turbine blades having outer surfaces made of typical rigid
structural materials. This permits use of larger and/or longer blades (for a given blade weight
tolerance) which can exert larger torques on the shaft and which can therefore lead to greater
wind turbine power output.

[0009] The wind turbine blade typically comprises an internal support structure. According to
the Iinvention, at least one of the two or more elongate fabric supporting members is slidably
attached to the internal support structure (thereby coupling the external skin to said internal
support structure) such that said at least one of the two or more elongate fabric supporting
members Is (longitudinally) slidable along at least a portion of the length of the wind turbine
blade. It may be that some or more of the two or more elongate fabric supporting members are
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slidably attached to the internal support structure such that said some or more of the elongate
fabric supporting members are (longitudinally) slidable along at least a portion of the length of
the wind turbine blade.

[0010] It may be that each of the two or more elongate fabric supporting members Is slidably
attached to an internal support structure of the wind turbine blade such that each of said one
or more of the two or more elongate fabric supporting members iIs (longitudinally) slidable
along at least a portion of the length of the wind turbine blade.

[0011] Accordingly, the Invention extends to a wind turbine blade comprising an internal
support structure and an external skin which comprises tensioned fabric supported along a
majority of the length of the wind turbine blade by two or more elongate fabric supporting
members, the external skin being connected to each of the two or more elongate fabric
supporting members, the two or more elongate fabric supporting members being slidably
attached to said internal support structure such that each of the two or more elongate fabric
supporting members is slidable along at least a portion of the length of the wind turbine blade.

[0012] It may also be that one or more of the two or more elongate fabric supporting members
IS fixedly attached to the internal support structure. It may be that some or more of the two or
more elongate fabric supporting members are fixedly attached to the internal support structure.
It may be that each of the two or more elongate fabric supporting members is fixedly attached
to the Internal support structure. It may be that one of the two or more elongate fabric
supporting members Is slidably attached to the internal support structure and that another one
of the two or more elongate fabric supporting members Is fixedly attached to the internal
support structure. It may be that one or more of the two or more elongate fabric supporting
members Is slidably attached to the internal support structure and that another one or more of
the two or more elongate fabric supporting members is fixedly attached to the internal support
structure.

[0013] Wind turbine blades are typically subject to forces, in use, which cause deflection of the
blades as they rotate. Deflection of a typical wind turbine blade can cause deflection of and/or
damage to an exterior blade shell. By providing the wind turbine blade of the first aspect of the
iInvention with the external skin comprising tensioned fabric, and by connecting said external
skin to the two or more elongate fabric supporting members, wherein at least one of, and
typically each of, said two or more elongate fabric supporting members is slidably attached to
the Internal support structure such that said at least one of, and typically each of, the two or
more elongate fabric supporting members iIs (longitudinally) slidable along at least a portion of
the length of the wind turbine blade, the external skin of the wind turbine blade and the internal
support structure are able to move Iindependently of one another to an extent as the wind
turbine blade (i.e. as the internal support structure) deflects. For example, the external skin is
typically able to slide, bend or flow along a portion of the length of the wind turbine blade as
sald wind turbine blade deflects (e.g. as the internal support structure deflects) without
adversely disrupting or damaging the external skin (or an aerodynamic profile of the blade
defined principally by the internal support structure in combination with the external skin). The
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elongate fabric supporting members typically ensure that the external skin Is supported and
therefore retains a taught, smooth profile as the wind turbine blade deflects. Additionally, the at
least one of, and typically each of, the elongate fabric supporting members is typically able to
slide along the at least a portion of the length of the wind turbine blade as the wind turbine
blade deflects (e.g. as the internal support structure deflects), which typically ensures that said
elongate fabric supporting members do not buckle or otherwise deform (which could otherwise
disrupt or damage the aerodynamic profile). The elongate fabric supporting members also

typically support the external skin against unwanted deformations caused by pressure from the
wind or rotational forces.

[0014] It may be that the external skin is directly connected to one or more of the elongate
fabric supporting members (e.g. to each of the elongate fabric supporting members) but not
directly connected to the internal support structure. It may be that the external skin is coupled
to the internal support structure by way of said one or more of the elongate fabric supporting
members (e.g. by way of each of the elongate fabric supporting members) to which the
external skin is directly connected.

[0015] It I1s to be understood that the term "wind turbine blade” typically refers to a portion of a
wind turbine blade structure which generates lift from a received flow of air. "Wind turbine
blade"” does not typically encompass other possible portions of a wind turbine blade structure
such as connecting portions (for example, portions of the wind turbine blade structure which
connect the wind turbine blade structure to the hub). Accordingly, the "length of the wind
turbine blade"” typically refers to the length of said portion of a wind turbine blade structure
which generates lift from a received flow of air and does not typically refer to a length of the
wind turbine blade structure including connecting portions (for example, portions of the wind
turbine blade structure which connect the wind turbine blade structure to the hub).

[0016] The wind turbine blade is typically a wind turbine blade for a horizontal axis wind
turbine. Alternatively, the wind turbine blade may be a wind turbine blade for a vertical axis
wind turbine.

[0017] It may be that the external skin consists substantially of tensioned fabric. It may be that
a majority of the external skin consists of tensioned fabric. It may be that the external skin
consists entirely of tensioned fabric. It may be that said external skin is an external tensioned
fabric skin. Tensioned fabric typically conforms better to the aerodynamic profile of the wind
turbine blade (e.g. of the internal support structure). Tensioned fabric also typically better
maintains an aerodynamic profile in use.

[0018] It will be understood that the term "fabric” Is used to refer to any suitable fabrics,
textiles, cloths, laminates or combinations thereof suitable for the construction of the external
skin of a wind turbine blade. A fabric may be any flexible woven or non-woven material
comprising a network of natural and/or artificial fibres. Said natural and/or artificial fibores may
be woven, knitted, crocheted, knotted, felted, bonded or glued together.
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[0019] It may be that said external skin comprises a thin (tensioned fabric) sheet. It may be
that said sheet is thin relative to the dimensions (e.g. the width and/or the breadth) of the wind
turbine blade.

[0020] It may be that the external skin comprises an external wind-receiving surface. It may be
that said external wind-receiving surface consists substantially of tensioned fabric. It may be
that a majority of the external wind-receiving surface consists of tensioned fabric. It may be
that the external wind-receiving surface consists entirely of tensioned fabric. It may be that said
external wind-receiving surface Is an external tensioned fabric wind-receiving surface.

[0021] It may be that external skin comprises an interior surface proximate the internal support
structure. It may be that said interior surface consists substantially of tensioned fabric. It may
be that a majority of the interior surface consists of tensioned fabric. It may be that the interior
surface consists entirely of tensioned fabric. It may be that said interior surface iIs an interior
tensioned fabric surface. It may be that the external skin consists of tensioned fabric across a
complete thickness of said external skin from the external wind-receiving surface to the interior
surface proximate the internal support structure. The greater the proportion of the external skin
which consists of tensioned fabric, typically the lighter the wind turbine blade.

[0022] It may be that the external skin comprising tensioned fabric is supported by the two or
more elongate fabric supporting members along at least 70%, or more typically along at least
80%, or more typically along at least 90%, or even more typically along at least 95%, of the
length of the wind turbine blade. It may be that the external skin comprising tensioned fabric is

supported by the two or more elongate fabric supporting members along the whole length of
the wind turbine blade.

[0023] It may be that the two or more elongate fabric supporting members extend
(longitudinally) along a majority of the length of the wind turbine blade. For example, it may be
that the two or more elongate fabric supporting members extend (longitudinally) along at least
70%, or more typically along at least 80%, or more typically along at least 90%, or even more
typically along at least 95%, of the length of the wind turbine blade. It may be that the two or
more elongate fabric supporting members extend (longitudinally) along the whole length of the
wind turbine blade. The longer the two or more elongate fabric supporting members, typically
the longer the length of fabric which iIs supported and thus the fewer the potential number of
disruptions to the external skin in use. Alternatively, it may be that the two or more elongate
fabric supporting members extend (longitudinally) along only a portion of the length of the wind
turbine blade, thereby providing a gap at one or both of a first and second end of each
elongate fabric supporting member. The larger the gap provided, typically the longer the
distance along which each elongate fabric supporting member is slidable.

[0024] It may be that the external skin Is slidably attached to each of the two or more elongate
fabric supporting members. It may be that the external skin comprises two or more connectors
and that the external skin Is slidably attached to each of the two or more elongate fabric
supporting members by way of said two or more connectors. It may be that said two or more
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connectors are provided on the interior surface of the external skin. It may be that the interior
surface of the external skin i1s provided with two or more channels, each of the two or more
elongate fabric panels being releasably mounted in a respective channel. |t may be that each
of said two or more channels i1s formed by a fabric panel (partially) attached to (e.g. bonded to)
the interior surface of said external skin.

[0025] It may be that each of the two or more elongate fabric supporting members Is slidably
mounted within a (respective) recess of the internal support structure. For example, it may be
that each of the two or more elongate fabric supporting members i1s slidably mounted within a
(respective) groove of the internal support structure. Alternatively, it may be that each of the
two or more elongate fabric supporting members Is slidably retained within an (respective)
aperture of the internal support structure.

[0026] The internal support structure typically provides the wind turbine blade with strength
and rigidity. The internal support structure may be a wind turbine blade chassis or skeleton. It
may be that the external skin covers a significant proportion (a majority) of the internal support
structure. For example, the external skin may cover the entirety of the internal support
structure. The internal support structure iIs typically not visible when the wind turbine blade is
connected to a wind turbine in use. The internal support structure typically defines the shape of
the wind turbine blade. Accordingly, the internal support structure typically defines the
aerodynamic profile of the wind turbine blade.

[0027] It may be that the internal support structure comprises a (elongate) longitudinal
structural support member. It may be that said (elongate) longitudinal structural support
member extends (longitudinally) along at least a majority of the length of the wind turbine
blade. It may be that said (elongate) longitudinal structural support member extends
(longitudinally) along the entire length of the wind turbine blade.

[0028] The (elongate) longitudinal structural support member may be a beam, rod, pole or
cylinder. It may be that the (elongate) longitudinal structural support member has an elliptical
cross section. For example, it may be that the (elongate) longitudinal structural support
member has an elliptical cross section in a plane perpendicular to a longitudinal axis of said
(elongate) longitudinal structural support member. An (elongate) longitudinal structural support
member having an elliptical cross section is typically torsionally stiff.

[0029] It may be that the width and/or breadth of the (elongate) longitudinal structural support
member varies along the length of said (elongate) longitudinal structural support member. That
IS to say, the cross-sectional area of the (elongate) longitudinal structural support member
(taken In a plane perpendicular to the longitudinal axis) may vary along the length of the
(elongate) longitudinal structural support member.

[0030] It may be that said wind turbine blade extends longitudinally between a hub end portion
and a blade tip portion. In use, the hub end portion of the wind turbine blade may be
connected to the hub of the wind turbine. The blade tip portion is typically a portion of the wind
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turbine blade which i1s furthest from the hub when In use. |t may be that the (elongate)
longitudinal structural support member is wider or broader (e.g. the cross-sectional area of the
(elongate) longitudinal structural support member I1s greater) towards (i.e. proximate) the hub
end portion and that said (elongate) longitudinal structural support member 1s narrower or
thinner (e.g. the cross-section area of the (elongate) longitudinal structural support member Is
smaller) towards (i.e. proximate) the blade tip portion.

[0031] It may be that the cross-sectional shape of the (elongate) longitudinal structural support
member varies along its length. It may be that the (elongate) longitudinal structural support
member has a circular cross section towards (i.e. proximate) the hub end portion and an
elliptical cross section towards (i.e. proximate) the blade tip portion.

[0032] It may be that the (elongate) longitudinal structural support member is hollow.

[0033] It may be that the (elongate) longitudinal structural support member comprises carbon
fiore or carbon composite materials. The carbon fibre or carbon composite (elongate)
longitudinal structural support member is typically light, strong and stiff.

[0034] It may be that the Internal support structure further comprises a plurality of transverse
structural support members arranged along the length of said (elongate) longitudinal structural
support member. Said transverse structural support members may comprise rigid transverse
support panels. Said transverse support panels may be fixedly attached to or integral with the
(elongate) longitudinal structural support member. For example, each of said transverse
support panels may comprise a hollow aperture such that each transverse support panel may
be slid onto the (elongate) longitudinal structural support member during manufacture of the
wind turbine blade. Each hollow aperture may be configured (e.g. dimensioned) for an
Interference fit with a portion of the (elongate) longitudinal structural support member. Each
transverse support panel may comprise one or more flanges which may engage with and/or be
fixedly attached to a surface of the (elongate) longitudinal structural support member.
Alternatively, the transverse support panels may be integrally formed with the (elongate)
longitudinal structural support member.

[0035] Each of the plurality of transverse structural support members typically extends
(radially) in a direction substantially perpendicular to the surface of the (elongate) longitudinal
structural support member (i.e. In a direction substantially perpendicular to the longitudinal axis
of the (elongate) longitudinal structural support member). It may be that each of the transverse
structural support members extends away from the (elongate) longitudinal structural support
member In a plane substantially perpendicular to the longitudinal axis of the (elongate)
longitudinal structural support member.

[0036] The plurality of transverse structural support members are typically spaced apart from
one another along the length of the (elongate) longitudinal structural support member. For
example, the shortest distance between adjacent transverse structural support members may
be constant along the length of the (elongate) longitudinal structural support member.
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[0037] Each of the plurality of transverse structural support members typically defines an
aerodynamic shape (l.e. profile) iIn a plane perpendicular to the (elongate) longitudinal
structural support member (i.e. In the plane of each transverse structural support member).
The external skin is typically supported by (in part) a supporting edge of each of the plurality of
transverse structural support members.

[0038] It may be that the external skin comprises a suction surface and a pressure surface
both extending between a leading edge and a trailing edge of the wind turbine blade, thereby
defining an aerodynamic profile. When air (i.e. wind) flows over the suction surface and the
pressure surface of the wind turbine blade from the leading edge to the trailing edge, a
pressure gradient is typically generated between said suction surface and said pressure
surface, resulting in a lift force acting on the wind turbine blade. A torque, therefore, Is typically
exerted on the hub of the wind turbine, thereby causing the hub to rotate. Accordingly, the
aerodynamic shape (i.e. profile) of each transverse structural support member typically
comprises a suction edge portion, a pressure edge portion, a leading edge portion and a
trailing edge portion of each supporting edge. The external skin typically extends across one or
more portions of the supporting edge of each of the plurality of transverse structural support
members. Accordingly, portions of the external skin supported by pressure edge portions of the
supporting edges of the plurality of transverse structural support members typically define the
pressure surface of the external skin. Portions of the external skin supported by suction edge
portions of the supporting edges of the plurality of transverse structural support members
typically define the suction surface of the external skin. Portions of the external skin supported
by leading edge portions of the supporting edges of the plurality of transverse structural
support members typically define the leading edge of the external skin. Portions of the external
skin supported by trailing edge portions of the supporting edges of the plurality of transverse
structural support members typically define the trailing edge of the external skin.

[0039] The cross-sectional area (in a plane perpendicular to the longitudinal axis of the
(elongate) longitudinal structural support member, 1.e. In the plane of each transverse
structural support member) of each of the plurality of transverse structural support members
typically varies along the length of the (elongate) longitudinal structural support member. For
example, It may be that the cross-sectional area of those transverse structural support
members towards (1.e. proximate) the hub end portion of the (elongate) longitudinal structural
support member Is greater and that the cross-sectional area of those transverse structural
support members towards (l.e. proximate) the blade tip portion of the (elongate) longitudinal
structural support member is smaller.

[0040] It may be that the shape (i.e. the profile) of each of the plurality of transverse structural
support members in a plane perpendicular to the longitudinal axis of the (elongate) longitudinal
structural support member (i.e. In the plane of each transverse structural support member)
varies along the length of the (elongate) longitudinal structural support member. The plurality
of transverse structural support members may therefore define an aerodynamic shape (i.e.
profile) of the wind turbine blade along the majority (e.g. the entirety) of its length.
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[0041] By surrounding the (elongate) longitudinal structural support member with the plurality
of transverse structural support members and/or the external skin, the (elongate) longitudinal
structural support member i1s not exposed to the surrounding atmosphere and the risk of
lightning striking the (elongate) longitudinal structural support member Is reduced (compared
to wind turbine blades having structural support members provided on an external surface
thereof).

[0042] It may be that at least one of, and typically each of, the two or more elongate fabric
supporting members Is slidably mounted within a (respective) recess of at least one of said
transverse structural support members. For example, it may be that at least one of, and
typically each of, the two or more elongate fabric supporting members Is slidably mounted
within a (respective) groove of at least one of said transverse structural support members.
Alternatively, it may be that at least one of, and typically each of, the two or more elongate
fabric supporting members iIs slidably retained within an (respective) aperture of at least one of
sald transverse structural support members. It may be that at least one of, and typically each
of, the two or more elongate fabric supporting members Is slidably mounted within a
(respective) recess (e.g. groove and/or aperture) of two or more of said transverse structural
support members. It may be that at least one of, and typically each of, the two or more
elongate fabric supporting members Is slidably mounted within a (respective) recess (e.g.
groove and/or aperture) of each of the transverse structural support members.

[0043] It may be that each recess (e.g. groove and/or aperture), within which a (respective)
one of the two or more elongate fabric supporting member is mounted, is provided on or
adjacent to a supporting edge of a respective transverse structural support member (e.g.
transverse support panel).

[0044] It may be that the (elongate) longitudinal structural support member comprises a pole
extending (longitudinally) along at least the majority of the length of the wind turbine blade,
wherein the plurality of transverse structural support members comprises a plurality of ribs
(e.g. rib panels) extending transversely from said pole (i.e. in a direction perpendicular to a
longitudinal axis of said pole), and wherein at least one of, and typically each of, the two or
more elongate fabric supporting members Is slidably mounted within a (respective) recess (e.qg.
a groove or aperture) of at least one of said ribs (e.g. rib panels). It may be that at least one of,
and typically each of, the two or more elongate fabric supporting members is slidably mounted
within a (respective) recess (e.g. a groove or aperture) of two or more of said ribs (e.g. rib
panels). It may be that at least one of, and typically each of, the two or more elongate fabric
supporting members Is slidably mounted within a (respective) recess (e.g. a groove or
aperture) of a majority of said ribs (e.g. rib panels). It may be that at least one of, and typically
each of, the two or more elongate fabric supporting members is slidably mounted within a
(respective) recess (e.g. a groove or aperture) of all of said ribs (e.g. rib panels).

[0045] It may be that the external skin consists of one (continuous) fabric sheet. |t may be that
sald (continuous) fabric sheet i1s formed as a (continuous) tube or sock. It may be that first and
second (parallel) edges of said (continuous) fabric sheet are connected to one another along
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the majority of the length of the wind turbine blade to thereby form said external skin (i.e. the
(continuous) tube or sock). For example, it may be that said first and second (parallel) edges
are bonded, glued, stitched or otherwise attached to one another along the majority of the
length of the wind turbine blade to form said external skin (i.e. the (continuous) tube or sock).

[0046] It may be that the external skin is formed of fabric continuously along the majority of the
length of the wind turbine blade. It may be that the external skin is formed by two or more
fabric panels connected to one another around the wind turbine blade, each of said two or
more fabric panels extending along a respective portion of the majority of the length of the
wind turbine blade. For example, it may be that said two or more fabric panels are bonded,
glued, stitched or otherwise attached to one another around the wind turbine blade. It may be
that the external skin is formed by three or more fabric panels connected to one another
around the wind turbine blade, each of said two or more fabric panels extending along a
respective portion of the majority of the length of the wind turbine blade. It may be that the
external skin 1s formed by four or more fabric panels connected to one another around the
wind turbine blade, each of said two or more fabric panels extending along a respective portion
of the majority of the length of the wind turbine blade. It may be that the external skin i1s formed
by filve or more fabric panels connected to one another around the wind turbine blade, each of
sald two or more fabric panels extending along a respective portion of the majority of the
length of the wind turbine blade.

[0047] It may be that the external skin comprises tensioned fabric which extends
(longitudinally) along at least 70%, more typically along at least 80%, more typically at least
along 90%, or even more typically along at least 95%, of the length of the wind turbine blade.

[0048] It may be that the external skin consists of two or more fabric panels connected to one
another along the majority of the length of the wind turbine blade. It may be that the external
skin consists of three or more fabric panels connected to one another along the majority of the
length of the wind turbine blade. It may be that the external skin consists of four or more fabric
panels connected to one another along the majority of the length of the wind turbine blade. It
may be that the external skin consists of five or more fabric panels connected to one another
along the majority of the length of the wind turbine blade.

[0049] It may be that the external skin consists of ten or fewer fabric panels connected to one
another along the majority of the length of the wind turbine blade. It may be that the external
skin consists of nine or fewer fabric panels connected to one another along the majority of the
length of the wind turbine blade. It may be that the external skin consists of eight or fewer
fabric panels connected to one another along the majority of the length of the wind turbine
blade. It may be that the external skin consists of seven or fewer fabric panels connected to
one another along the majority of the length of the wind turbine blade. It may be that the
external skin consists of six or fewer fabric panels connected to one another along the majority
of the length of the wind turbine blade.

[0050] It may be that said two or more, three or more, four or more, five or more, ten or fewer,
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nine or fewer, eight or fewer, seven or fewer, or six or fewer fabric panels are bonded, glued,
stitched or otherwise attached to one another along the majority of the length of the wind
turbine blade to form said external skin (i.e. the (continuous) tube or sock).

[0051] It may be that each of said two or more, three or more, four or more, five or more, ten
or fewer, nine or fewer, eight or fewer, seven or fewer, or six or fewer fabric panels has a
constant width along the majority of the length of the wind turbine blade. Alternatively, it may be
that one or more of said two or more, three or more, four or more, five or more, ten or fewer,
nine or fewer, eight or fewer, seven or fewer, or six or fewer fabric panels has a variable width
along with majority of the length of the wind turbine blade. For example, it may be that one or
more of said two or more, three or more, four or more, five or more, ten or fewer, nine or
fewer, eight or fewer, seven or fewer, or six or fewer fabric panels tapers (in width) along a
portion (e.g. a majority) of the length of the wind turbine blade. It may be that some or each of
sald two or more, three or more, four or more, five or more, ten or fewer, nine or fewer, eight
or fewer, seven or fewer, or six or fewer fabric panels differ in length. It may be that some of
sald two or more, three or more, four or more, five or more, ten or fewer, nine or fewer, eight
or fewer, seven or fewer, or six or fewer fabric panels extend along a majority of the length of
the wind turbine blade while the others of said two or more, three or more, four or more, five or
more, ten or fewer, nine or fewer, eight or fewer, seven or fewer, or six or fewer fabric panels
extend only along a portion of the length of the wind turbine blade, said portion being less than
sald majority of the length of the wind turbine blade.

[0052] It may be that each of the two or more elongate fabric supporting members comprises
an elongate connector. It may be that each of the two or more elongate fabric supporting
members consists of an elongate connector. It may be that the external skin comprises two or
more fabric panels connected to one another by said two or more elongate connectors along
the majority of the length of the wind turbine blade. It may be that the two or more fabric panels
are held under tension by the two or more elongate connectors.

[0053] The two or more fabric panels are typically light-weight panels. Therefore, by forming
the external skin of the wind turbine blade by two or more fabric panels (and two or more
elongate connectors), the overall weight of the wind turbine blade is reduced (in comparison to
wind turbine blades having outer surfaces made of rigid structural materials (such as metal)).
This permits use of larger and/or longer blades (for a given blade weight tolerance) which can
exert larger torques on the shaft and which can therefore lead to greater wind turbine power
output.

[0054] Moreover, by connecting the two or more fabric panels to one another along the
mayjority of the length of the wind turbine blade by way of two or more elongate connectors, the
external skin of the wind turbine blade Is uninterrupted along the length of the wind turbine
blade. The fewer the number of disruptions to the external skin of the wind turbine blade along
its length, the smoother the flow of air (i.e. wind) over the external skin and thus the greater the
efficiency of the wind turbine to which the wind turbine blade may be connected.
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[0055] Additionally, by holding the two or more fabric panels under tension by way of the two or
more elongate connectors, said two or more fabric panels (and thus the external skin of the
wind turbine blade) are also held taught and smooth such that there are few disruptions to the
flow of air (i.e. wind) thereacross. The two or more fabric panels thereby conform to the
aerodynamic shape (i.e. profile) of the wind turbine blade. The tension In the two or more
fabric panels Is typically adjustable. Accordingly, the aerodynamic shape (i.e. profile) of the
wind turbine blade is typically adjustable.

[0056] It may be that each of said two or more elongate connectors extends longitudinally
along the majority of the length of each respective elongate fabric supporting member. For
example, it may be that each of said two or more elongate connectors extends longitudinally
along the entire length of each respective elongate fabric supporting member. Accordingly, it
may be that each of said two or more elongate connectors extends longitudinally along the
mayjority of the length of the wind turbine blade. For example, it may be that each of the two or
more elongate connectors extends longitudinally along at least 70%, more typically along at
least 80%, more typically at least along 90%, or even more typically along at least 95%, of the
length of the wind turbine blade. It may be that said two or more elongate connectors extend
(longitudinally) along the whole length of the wind turbine blade.

[0057] It may be that said two or more fabric panels extend longitudinally along the majority of
the length of the wind turbine blade. For example, it may be that the two or more fabric panels
extend longitudinally along at least 70%, or more typically along at least 80%, or more typically
along at least 90%, or even more typically along at least 95%, of the length of the wind turbine
blade. |t may be that said two or more fabric panels extend (longitudinally) along the whole
length of the wind turbine blade.

[0058] It may be that the two or more elongate connectors are low profile connectors. For
example, it may be that the two or more elongate connectors have a low height profile relative
to the wind-receiving external surface of the external skin. Such low profile connectors typically
do not protrude substantially beyond the wind-receiving external surface. For example, low
profile connectors typically do not protrude more than 1 cm above the wind-receiving external
surface, or more typically more than 0.5 cm above the wind-receiving external surface. It may
be that said low profile connectors do not protrude above the wind-receiving external surface
(at all). The lower the profile of the two or more elongate connectors, the less they disrupt the
flow of air (i.e. wind) over the wind turbine blade when In use.

[0059] It may be that the two or more fabric panels are releasably connected to one another
along the majority of the length of the wind turbine blade by the two or more elongate
connectors. This typically allows the fabric panels to be removed and replaced, for example if
the panels are damaged.

[0060] It may be that the two or more fabric panels together form a (substantially continuous)
fabric surface (around the wind turbine blade along the majority of the length of said wind
turbine blade) which Is interrupted (only) by external surfaces of the two or more elongate
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connectors, for example. It may be that the two or more elongate connectors are narrow (for
example, relative to a width of the two or more fabric panels). For example, it may be that a
width of each of the two or more elongate connectors (in a direction around the wind turbine
blade perpendicular to a longitudinal axis of said blade) is less than 10% of the width of each of
the two or more fabric panels connectors (in said direction around the wind turbine blade
perpendicular to the longitudinal axis of said blade), or more typically less than 5% of said
width of each of the two or more fabric panels. It may be that the two or more elongate
connectors are (sufficiently) narrow such that air (i.e. wind) flowing over the external skin flows
substantially similarly to (for example the deflection of said air (1.e. wind) by said external skin Is
substantially similar to) air (i.e. wind) flowing over a continuous fabric surface having the same
three-dimensional shape as said external skin. It may be that the two or more elongate
connectors are (sufficiently) narrow such as to avoid significant deflection of air (i.e. wind)
flowing over adjacent one or more fabric panels.

[0061] In practice, the external skin may be formed In part by the two or more elongate
connectors. For example, it may be that the external skin is formed by the two or more fabric
panels and any portions of the two or more elongate connectors between said two or more
fabric panels. However, iIn some embodiments the external skin is formed entirely by the two or
more fabric panels.

[0062] It may be that said external skin comprises a significant proportion (e.g. a majority) of
an external surface of the wind turbine blade. It may be that the external skin comprises at
least /0%, or more typically at least 80%, or even more typically at least 90%, of the external
surface of the wind turbine blade. For example, it may be that said external skin comprises the
entire external surface of the wind turbine blade.

[0063] It may be that said two or more fabric panels together wrap around the wind turbine
blade along the majority of its length. For example, it may be that said two or more fabric
panels together wrap around the entire wind turbine blade, thereby defining the entire external
skin of the wind turbine blade along the majority of its length. It may be that a perimeter of any
cross section taken through the wind turbine blade (in a plane perpendicular to the longitudinal
axis of the wind turbine blade) along the majority of its length comprises portions of each of the
two or more fabric panels and portions of each of the two or more elongate connectors. It may
be that more than 90%, or more typically more than 95%, of the perimeter of any cross section
taken through the wind turbine blade (in a plane perpendicular to the longitudinal axis of the
wind turbine blade) along the majority of its length consists of portions of each of the two or
more fabric panels.

[0064] It may be that each of the two or more elongate connectors comprises first and second
elongate channels, the first said channel retaining an edge of one of the two or more fabric
panels and the second said channel retaining an edge of another of the two or more fabric
panels. It may be that said first and second channels resist sliding of the retained fabric panels
In a direction perpendicular to the length of the wind turbine blade (i.e. perpendicular to the
longitudinal axis of the wind turbine blade). It may be that said first and second channels permit
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sliding of the retained fabric panels Iin a longitudinal direction along the length of the wind
turbine blade (i.e. parallel to the longitudinal axis of the wind turbine blade). It may be that the
edge of the one of the two or more fabric panels and the edge of the another of the two or
more fabric panels are both bolt rope terminated edges of said respective fabric panels.

[0065] The two or more elongate connectors may be made of one or more (rigid) plastics
materials. The two or more elongate connectors may be made of metal. The two or more
elongate connectors may be made of one or more composite materials. For example, the two
or more elongate connectors may be made of glass-reinforced plastic (GRP) (i.e. fibreglass)
and/or or carbon-fibre-reinforced plastic (CRP).

[0066] It may be that each of the two or more fabric panels comprises a laminate textile
comprising alternating layers of fabrics. Said fabrics may be woven fabrics and/or non-woven
fabrics. Said laminate textile or one or more of said woven or non-woven fabrics typically has
one or more of the following advantageous properties: a high strength to weight ratio, a high
stiffness to weight ratio, a high tear resistance, a high abrasion and puncture resistance, a low
air porosity over the temperature range - 10°C to 40°C, low or zero water permeability, low
light permeability, low radiant heat absorption, low creep, and/or low or zero stretch. Said
laminate textile or one or more of said woven or non-woven fabrics Is typically bondable to
create joints. Said laminate textile or one or more of said woven or non-woven fabrics Is
typically fire retardant.

[0067] It may be that the laminate textile comprises two or more layers. It may be that the
laminate textile comprises woven aramid (e.g. Technora) materials. It may be that the laminate
textile comprises liquid crystal polymer (e.g. Vectran) materials. It may be that the laminate
textile comprises one or more resin polyethylene terephthalate (e.g. Mylar) sheets. It may be
that the laminate textile comprises a scrim material (e.g. a woven aramid scrim such as
Technora scrim). A scrim material typically comprises a coarsely-woven (i.e. a loose weave)
fabric and typically provides the laminate textile with strength. It may be that the laminate
comprises a UV protection film such as a polyvinyl fluoride film (e.g. Tedlar). Said UV protection
flm may be an outermost layer of the textile (i.e. a layer of the textile forming the wind-
recelving external surface of the fabric skin).

[0068] It may be that the laminate textile comprises an outer coating. Said outer coating may
have one or more of the following advantageous properties: high humidity resistance, stable
physical and chemical properties in the temperature range -10°C to 40°C, UV resistance up to

a solar radiation intensity of 1000 Wm™2, low air porosity in the temperature range -10°C to
40°C, no water permeabillity, low light permeability, low radiant heat absorption, puncture
resistance, rain erosion resistance, low surface friction, and/or a glass transition temperature
(Tg) above a minimum value of 40°C.

[0069] It may be that the two or more elongate connectors extend from the hub end portion to
the blade tip portion. Alternatively, it may be that the two or more elongate connectors extend
from proximate the hub end portion to proximate the blade tip portion.
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[0070] It may be that the two or more fabric panels extend from the hub end portion to the
blade tip portion. Alternatively, it may be that the two or more fabric panels extend from
proximate the hub end portion to proximate the blade tip portion.

[0071] It may be that the external skin of the wind turbine blade is defined by two or more
fabric panels, each of said two or more fabric panels having a first edge and a second edge
different from said first edge, wherein the first edge of each said panel Is connected to the
second edge of one other said panel along the majority of the length of the wind turbine blade
by one elongate connector, wherein the second edge of each said panel is connected to the
first edge of another said panel along the majority of the length of the wind turbine blade by
one other elongate connector, and wherein each of said two or more panels Is held under
tension by said elongate connectors.

[0072] For example, it may be that the external skin Is defined by first and second fabric
panels, each of said first and second fabric panels having a first edge and a second edge
different from said first edge, wherein the first edge of the first panel is connected to the
second edge of the second panel along the majority of the length of the wind turbine blade by
a first elongate connector and the first edge of the second panel is connected to the second
edge of the first panel along the majority of the length of the wind turbine blade by a second
elongate connector. Alternatively, it may be that the external skin i1s defined by first, second and
third fabric panels, each of said first, second and third fabric panels having a first edge and a
second edge different from said first edge, wherein the first edge of the first panel is connected
to the second edge of the second panel along the majority of the length of the wind turbine
blade by a first elongate connector, wherein the first edge of the second panel 1s connected to
the second edge of the third panel along the majority of the length of the wind turbine blade by
a second elongate connector, and wherein the first edge of the third panel is connected to the
second edge of the first panel along the majority of the length of the wind turbine blade by a
third elongate connector. Optionally, said external skin may comprise fourth, fifth, sixth,
seventh, eighth, ninth and/or tenth further fabric panels, in which case each further fabric panel
typically has a first edge and a second edge different from said first edge, the first edge of
each said further fabric panel typically being connected to a second edge of one other said
fabric panel (i.e. one of the first, second, third, fourth, fifth, sixth, seventh, eighth, ninth or tenth
fabric panels) along the majority of the length of the wind turbine blade by an elongate
connector, and the second edge of each said further fabric panel typically being connected to
the first edge of another said fabric panel (i.e. one of the first, second, third, fourth, fifth, sixth,
seventh, eighth, ninth or tenth fabric panels) along the majority of the length of the wind turbine
blade by another elongate connector.

[0073] It may be that the first edge and the second edge of each of the two or more fabric
panels extend along the majority of the length of the wind turbine blade. It may be that the first
edge and the second edge of each of the two or more fabric panels extend along the whole
length of the wind turbine blade. It may be that the first edge and the second edge of each of
the two or more fabric panels extend from the hub end portion to the blade tip portion.
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Alternatively, it may be that the first edge and the second edge of each of the two or more
fabric panels extend from proximate the hub end portion to proximate the blade tip portion.

[0074] Accordingly, It may be that a connection between each pair of adjacent fabric panels
from the said two or more fabric panels (said connection formed by one or more of the two or
more elongate connectors) extends along the majority of the length of the wind turbine blade. It
may be that said connection between each pair of adjacent fabric panels from the said two or
more fabric panels extends along the whole the length of the wind turbine blade. It may be that
the connection between each pair of adjacent fabric panels from the said two or more fabric
panels extends from the hub end portion to the blade tip portion. Alternatively, it may be that
the connection between each pair of adjacent fabric panels from the said two or more fabric
panels extends from proximate the hub end portion to proximate the blade tip portion.

[0075] It may be that the wind turbine blade has three or more fabric panels and a
corresponding number of elongate connectors. It may be that the wind turbine blade has four
or more fabric panels and a corresponding number of elongate connectors. It may be that the
wind turbine blade has five or more fabric panels and a corresponding number of elongate
connectors. Said two or more, three or more, four or more, or five or more fabric panels are
typically connected to one another around the wind turbine blade along the majority of the
length of the wind turbine blade.

[0076] It may be that the wind turbine blade has ten or fewer fabric panels and a
corresponding number of elongate connectors. It may be that the wind turbine blade has nine
or fewer fabric panels and a corresponding number of elongate connectors. It may be that the
wind turbine blade has eight or fewer fabric panels and a corresponding number of elongate
connectors. It may be that the wind turbine blade has seven or fewer fabric panels and a
corresponding number of elongate connectors. It may be that the wind turbine blade has six or
fewer fabric panels and a corresponding number of elongate connectors. It may be that the
wind turbine blade has five or fewer fabric panels and a corresponding number of elongate
connectors. Said ten or fewer, nine or fewer, eight or fewer, seven or fewer, six or fewer, or five
or fewer fabric panels are typically connected to one another around the wind turbine blade
along the majority of the length of the wind turbine blade.

[0077] For example, it may be that the wind turbine blade has more than two but fewer than
six said fabric panels and more than two but fewer than six said elongate connectors.

[0078] The fewer the number of disruptions to the wind-receiving external surface of the
external skin, the smoother the flow of air (i.e. wind) over the external skin and thus the greater
the efficiency of the wind turbine to which the wind turbine blade may be connected. Since the
elongate connectors also hold the fabric panels under tension, by keeping the number of fabric
panels low, fewer adjustments to the fabric tension are typically required.

[0079] It may be that one of the two or more fabric panels forms a continuous fabric surface
across the leading edge of the wind turbine blade. In use, this typically allows air (i.e. wind) to
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flow uninterrupted over the leading edge. The flow of air (i.e. wind) over the leading edge Is
thereby typically not disrupted by any of the two or more elongate connectors. Restricting

turbulence In the flow as air (i.e. wind) flows onto and across the external skin of the wind
turbine blade improves the efficiency of lift generation.

[0080] It may be that one of the two or more fabric panels forms a continuous fabric surface
across the trailing edge of the wind turbine blade. In use, this typically allows air (i.e. wind) to
flow uninterrupted over the trailing edge. The flow of air (i.e. wind) over the trailing edge Is
thereby typically not disrupted by any of the two or more elongate connectors. Restricting
turbulence In the flow of air (i.e. wind) allows air flowing over the wind turbine blade to leave

the wind-receiving external surface of the external skin smoothly, thereby improving the
efficiency of lift generation.

[0081] It may be that at least a portion of the suction surface is convex. For example, it may be
that the entirety of the suction surface is convex.

[0082] It may be that at least a portion of the pressure surface is concave. For example, it may
be that the entirety of the pressure surface Is concave.

[0083] It may be that the pressure surface comprises at least one concave portion and at least
one convex portion. A line of inflection may extend longitudinally along the pressure surface
marking a boundary between regions of different surface curvature. It may be that at least one
of the two or more elongate connectors extends along the line of inflection of the concave
portion of the pressure surface.

[0084] It may be that the wind turbine blade further comprises one or more tension control
members adjustable to control tension In the external skin. |t may be that said one or more
tension control members are adjustable to control tension in one or more of said two or more
fabric panels. Said one or more tension control members are typically adjustable to control
tension In the external skin (e.g. In one or more of said two or more fabric panels) in one or
more directions (said one or more directions typically lying in the plane of a local portion of the
wind-receiving surface). By controlling the tension in the external skin (e.g. the one or more of
sald two or more fabric panels), the aerodynamic properties of the wind turbine blade may be
controlled. Fine-tuning of the aerodynamic properties of the wind turbine blade may be used to
Improve (e.g. optimise) the efficiency of said wind turbine blade actively during use for a
particular set of wind conditions. For example, optimal levels of fabric tension may depend on

Instantaneous wind speed or direction, levels of wind turbulence and the speed of rotation of
the wind-turbine blade(s).

[0085] It may be that one or more of said one or more tension control members Is arranged
along the trailing edge of the wind turbine blade, thereby being adjustable to control tension In
the external skin (e.g. one or more of said two or more fabric panels) in a transverse direction.
By a transverse direction, a direction lying in the plane of a local portion of the wind-receiving
surface and pointing substantially perpendicular to the longitudinal axis of the wind turbine
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blade (i.e. transverse directions point around the wind turbine blade) is meant.

[0086] Said one or more tension control members may comprise one or more trailing edge
beams. Said one or more trailing edge beams may form part of the internal support structure.
Said one or more trailling edge beams may be adjustably connected to the internal support
structure. Said one or more trailing edge beams may be adjustably connected to one or more
of the transverse structural support members. Adjustment of the connection between the one
or more trailing edge beams and the internal support structure (e.g. the one or more of the
transverse structural support members) may result iIn movement of said one or more trailing
edge beams In a direction substantially perpendicular to the longitudinal axis of the wind
turbine blade (and/or the longitudinal axis of the longitudinal structural support members).
Movement of the one or more trailing edge beams in said direction away from the longitudinal
structural support member typically results in a force being exerted on the external skin (e.g.
one or more of said two or more fabric panels) in a direction such that fabric tension in the
external skin (e.g. said one or more fabric panels) is increased. Movement of the one or more
trailing edge beams In said direction towards the longitudinal structural support member away
from the wind-receiving external surface typically results in a reduction In force exerted on the
external skin (e.g. one or more of said two or more fabric panels) in a direction such that fabric
tension In the external skin (e.g. said one or more fabric panels) is reduced.

[0087] It may be that one or more of said one or more tension control members Is arranged at
the hub end of the wind turbine blade, thereby being adjustable to control tension In the
external skin (e.g. one or more of said two or more fabric panels) in a longitudinal direction. By
a longitudinal direction, a direction lying in the plane of a local portion of the external skin and
pointing substantially parallel to the longitudinal axis of the wind turbine blade (i.e. longitudinal
directions point along the wind turbine blade) i1s meant.

[0088] Said one or more tension control members may comprise one or more tension control
cables (such as one or more tension control ropes) fixedly attached to or integrally formed with
the external skin (e.g. one or more of the two or more fabric panels) towards (i.e. proximate)
the hub end portion. It may be that pulling said one or more tension control cables (e.g. ropes)
In a direction parallel to the longitudinal axis of the wind turbine blade (and/or the longitudinal
axis of the longitudinal structural support member) increases fabric tension in the external skin
(e.g. one or more of said two or more fabric panels). It may also be that releasing tension In
sald one or more tension control cables (e.g. ropes) in said direction parallel to the longitudinal
axis of the wind turbine blade (and/or the longitudinal axis of the longitudinal structural support
member) reduces fabric tension in the external skin (e.g. one or more of said two or more
fabric panels). Said one or more tension control members may further include a mechanism for
varying tension in said one or more tension control cables.

Description of the Drawings

[0089] An example embodiment of the present invention will now be illustrated with reference
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to the following Figures in which:

Figure 1 1s a perspective view of a horizontal axis wind turbine;

Figure 2 Is a perspective view of a wind turbine blade according to a first example embodiment
of the Invention;

Figure 3 I1s a perspective view of an internal support structure of the wind turbine blade of
Figure 2;

Figure 4 Is a cross section through a transverse rib panel of the internal support structure of
Figure 3;

Figure 5 I1s a more detailed perspective view of a connection between an elongate fabric
supporting member, a fabric skin and the transverse rib panel of Figure 4;

Figure 6 Is a perspective view of a section of the wind turbine blade of Figure 2;

Figure 7 I1s an exploded view of a laminated structure of the fabric skin of the wind turbine
blade of Figure 2;

Figure 8 Is a perspective view of a section of the wind turbine blade of Figure 2 further
comprising a tension control member;

Figure 9 i1s a cross section through the tension control member of Figure 8;

Figure 10 Is a perspective view of the wind turbine of Figure 2 further comprising an alternative
tension control member:;

Figure 11 Is a side view of the wind turbine of Figure 10;

Figure 12 I1s a perspective view of a wind turbine blade according to a second example
embodiment of the invention;

Figure 13 Is a cross section through a transverse rib panel of the wind turbine blade of Figure
12;

Figure 14 1s a perspective view of a section of the wind turbine blade of Figure 12;
Figure 15 Is a perspective view of an elongate connector; and

Figure 16 1s a cross section through an elongate connector of the wind turbine blade of Figure
12.

Detailed Description of an Example Embodiment

First Example Embodiment
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[0090] Figure 1 shows a horizontal axis wind turbine 1 comprising a nacelle 2 supported on top
of a mast 3. The nacelle 2 further supports a hub 4. Three substantially identical wind turbine
blades 5A, 5B and 5C extend from said hub 4, together forming a wind turbine rotor.

[0091] Wind turbine blade 5A, separate from the rest of the wind turbine 1, Is shown In more
detail in Figure 2. Wind turbine blade 5A extends between a hub end 7 and a blade tip 8. The
hub end 7 I1s connected to the hub 4 when In use. Wind turbine blade 5A has a three-
dimensional aerodynamic shape comprising a suction surface 9 and a pressure surface 10
which both extend between a leading edge 11 and a trailing edge 12 of the blade 5A.

[0092] A wind-recelving fabric surface 15 extends around the blade 5A. The wind-receiving
surface 15 Includes both the suction surface 9 and the pressure surface 10. The wind-
recelving surface 15 is formed from an elongate fabric sock 15 which extends along a length of
the blade 5A from the hub end 7 to the blade tip 8 and which wraps around the blade SA.

[0093] As shown In Figure 1, In use, wind turbine 1 is typically oriented with its rotor facing into
the wind such that air flows in a direction indicated by arrow 6 towards the rotor. A portion of
the air blowing In direction 6 towards the wind turbine 1 subsequently flows across the
aerodynamic surface of each wind turbine blade 5A, 5B and 5C. As shown In Figure 2, air
blowing onto and across the aerodynamic surface of wind turbine blade 5A generally flows
from the leading edge 11 to the trailing edge 12 across the suction surface 9 in a direction
Indicated by arrow 13. Air also generally flows from the leading edge 11 to the trailing edge 12
across the pressure surface 10 in a direction indicated by arrow 14. A pressure gradient
between air flowing above the suction surface and air flowing below the pressure surface
generates a lift force which causes the wind turbine blade 5A, and the hub 4 to which it Is
connected In use, to rotate. As air flows over an aerodynamic surface of each of the wind
turbine blades 5A, 5B, 5C, a lift force Is exerted on each wind turbine blade, thereby causing
each wind turbine blade, and the hub 4 from which they extend, to rotate. Rotation of the hub 4
drives rotation of a shaft inside the nacelle 2 from which an electricity generator inside nacelle
2 generates electricity.

[0094] Figure 3 shows an internal skeleton structure 16 of the wind turbine blade 5A when the
fabric sock 15 has been removed. The internal structure 16 consists of multiple composite
sandwich rib panels 17 extending from a carbon fibre pole 18. The carbon fibre pole 18 has an
elliptical cross section. The width of the carbon fibre pole 18 (i.e. the elliptical cross-sectional
area of the pole 18) varies continuously along the length of the blade 5A. The carbon fibre pole
18 1s thicker towards the hub end 7 and it is thinner towards the blade tip 8. Each of the rib
panels 17 consist of a thin composite sandwich plate having an aerodynamic profile. The
shapes of the rib panels 17 vary along the length of the blade 5A. The rib panels 17 support
the fabric wind receiving surface 15 of the blade 5A, and thus the variation in the shapes of
sald rib panels 17 defines the aerodynamic profile of the overall blade SA.
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[0095] Figure 4 shows rib panel 17A In more detail. Rib panel 17A consists of a composite
sandwich panel 19 which, when viewed along a longitudinal axis of the blade 5A from the hub
end / to the blade tip 8, has an aerodynamic profile defined by a panel edge 20. Panel edge
20 can be divided Iinto suction surface edge portion 21A, pressure surface edge portion 21B,
leading edge portion 21C and trailing edge portion 21D. An elliptical aperture 22 i1s provided
through the thickness of the composite sandwich panel 19 configured to provide an
Interference fit around the elliptical pole 18.

[0096] VWhen In use, the fabric sock 15 1s wrapped around and i1s supported by, in part, rib
panel 1/A. Fabric sock 15 Is coupled to each of the rib panels 17 along the longitudinal length
of the blade 5A by two elongate fabric supporting members 23A and 23B. Elongate fabric
supporting member 23A Is slidably attached to the suction surface edge portion 21A of
composite sandwich panel 19. Elongate fabric supporting member 23B is slidably attached to
the pressure surface edge portion 21B of composite sandwich panel 19.

[0097] Figure 5 shows In greater detail how fabric sock 15, elongate fabric supporting member
23A and composite sandwich panel 19 are connected to one another. Elongate fabric
supporting member 23A Is slidably connected to an interior surface 24 of fabric sock 15 by
fabric pockets 25A and 25B bonded to the interior surface 24. The fabric pockets 25A and 25B
each form elongate open channels 26A and 26B respectively along which the elongate fabric
supporting member 23A is slidable. An aperture 27 is also formed In the suction surface edge
portion 21A of composite panel 19 through which elongate fabric supporting member 23A Is
slidable. Elongate fabric supporting member 23A Is therefore slidably retained within fabric
pockets 25A and 25B and aperture 27. Elongate fabric supporting member 23A, fabric sock 15
and composite rib panel 19 are therefore all slidable with respect to one another in a direction
along the length of elongate fabric supporting member 23A (and also, therefore, along the
length of the wind turbine blade 5A). Elongate fabric supporting member 23A 1s similarly
slidably coupled to each composite rib panel 1/ and to the interior surface 24 of the fabric sock
15 adjacent to and on either side of each composite rib panel 17. Elongate fabric supporting
member 23B 1s similarly slidably coupled to the pressure surface edge 21B of each composite
rib panel 17 and to the interior surface 24 of the fabric sock 15 adjacent to and on either side
of each composite rib panel 17.

[0098] Figure 6 shows a portion of the wind turbine blade 5A between rib panels 17/Aand 1/B.
Elongate fabric supporting members 23A and 23B are slidably attached to each rib panel In
approximately equivalent positions around the panel edge of each said rib panel. Elongate
fabric supporting members 23A and 23B extend between each rib panel (dashed line 27
Indicates the line along which elongate fabric supporting member 23A extends between rib
panels 1/A and 17B) and therefore support the fabric sock 15 between each rib panel. Fabric
sock 15 1s dimensioned and positioned so as to be pulled taught between adjacent rib panels
along the longitudinal axis of the wind turbine blade 5A. The wind-receiving surface 15 formed
by fabric sock 15 supported by rib panels 16A and 16B, and by elongate fabric supporting
members 23A and 23B, I1s therefore a taught, smooth, aerodynamic surface presenting few
Interruptions or features capable of disrupting the smooth flow of air thereacross.
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[0099] Because the fabric sock 15, the elongate fabric supporting members 23A and 23B and
the Internal support structure 16 are slidably coupled to one another, in use, each respective
element may slide along the length of the wind turbine blade 5A as said wind turbine blade 5A
deforms under the aerodynamic forces exerted on it and the hub 4 rotates. The wind receiving
fabric surface 15 Is therefore free to deform In order to accommodate bending of the internal
support structure 16 without said fabric surface 15 sagging between adjacent rib panels 17
because It is supported by the elongate fabric supporting members 23A and 23B, and because
sald elongate fabric supporting members 23A and 23B slide along the length of the blade 5A
as the structure bends.

[0100] Fabric sock 15 1s formed from a laminated textile material. Figure 7 shows the laminate
structure of this textile material in more detail. The textile material comprises, in order, a Mylar
(resin polyethylene terephthalate) base layer 28, a Technora (aramid) and Vectran (liquid
crystal polymer fiber) woven composite layer 29, a Mylar (resin polyethylene terephthalate) film
30, a first Tedlar (polyvinyl fluoride) film 31 and a second Tedlar (polyvinyl fluoride) film 32.

[0101] In order to achieve adjustable control of fabric tension Iin the fabric sock 15, tension
control members may be included in the wind turbine blade structure. Figure 8 shows a portion
of the wind turbine blade 5A between rib panels 17A and 1/B with a trailing edge beam 33
fitted. Trailing edge beam 33 extends along the trailing edge of the wind turbine blade 5A from
the hub end 7 to the blade tip 8. Trailing edge beam 33 Is located within the internal support
structure 16, connected to a trailing edge end of each rib panel 17. Adjustment of trailing edge
beam controls tension In fabric sock 15 Iin a transverse direction indicated by arrow 34, said
transverse direction 34 being substantially perpendicular to the longitudinal axis of the carbon
fibre pole 18.

[0102] A screw mechanism 35 for controlling adjustment of the trailing edge beam 33 Is shown
In Figure 9. Training edge beam 33 Is retained between two prongs 36A and 36B of the
tapered trailing edge of rib panel 17A. A screw 37 Is positioned within a cylindrical bore 38
extending from the tapered trailing edge of rib panel 17/A In a direction towards the carbon fibre
pole 18. Screw 37 and cylindrical bore 38 have cooperating, helically threaded surfaces. A
torque applied to screw 37 In a first sense causes screw 37 to extend out of cylindrical bore 38
and to press against trailing edge beam 33, thereby causing trailing edge beam 33 to move In
direction 34. As trailing edge beam 33 moves In direction 34, it impinges against fabric sock 195,
thereby increasing fabric tension In said fabric sock 15 In a transverse direction. A torque
applied to screw 37 In a second sense opposite said first sense causes screw 37 to retract
within the cylindrical bore 38, thereby relieving pressure on trailing edge beam 33. As trailing
edge beam 33 relaxes back from fabric sock 15, fabric tension In fabric sock 15 In the
transverse direction Is reduced. Adjustment of the positioning of the trailling edge beam may be
controlled, potentially automatically, by a computer processor.

[0103] Figure 10 shows wind turbine blade 5A with tensioning cables 39 fitted. Each tensioning
cable 39 extends from a hub end 7 edge of fabric sock 15. By pulling on tensioning cables 39,
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longitudinal forces may be exerted on said fabric sock 15, thereby increasing fabric tension In
sald fabric sock 15 In the longitudinal direction indicated by arrow 40. Figure 11 shows how
each tensioning cable 39 may be threaded through a tensioning ring 41 located at hub end 7
of the wind turbine blade 5A. Tensioning cables 39 may be pulled through apertures 42 of
tensioning ring 41. Tensioning ring 41 may be configured to retain said tensioning cables 39 In
place, thereby maintaining any applied longitudinal tension. Adjustment of the tensioning
cables 39 may be controlled, potentially automatically, by a computer processor.

[0104] By controlling the fabric tension in the fabric sock 15 by way of either or both of said
tension control members, the aerodynamic shape of the wind-receiving external surface 15
can be adjusted either before use of the wind turbine blade 5A or, In fact, during use. The
aerodynamic shape of the wind-receiving surface 15, and the response of the wind-receiving
surface 15 to air flowing thereacross, can therefore be optimised based on factors such as the
Instantaneous wind speed, wind direction, air pressure, temperature or speed of rotation of the
rotor.

Second Example Embodiment

[0105] An alternative example wind turbine blade 43A i1s shown In Figure 12. Wind turbine
blade 43A 1s Interchangeable with wind turbine blade 5A Iin that wind turbine blade 43A may be
connected to hub 4 of wind turbine 1 and functions in substantially the same manner as wind
turbine blade SA.

[0106] As shown In Figure 12, wind turbine blade 43A extends between a hub end 44 and a
blade tip 45. The hub end 44 is connected to the hub 4 when In use. Wind turbine blade 43A
has a three-dimensional aerodynamic shape comprising a suction surface 46 and a pressure
surface 47 which both extend between a leading edge 48 and a trailing edge 49 of the blade
43A. A wind-recelving surface 50 extends around the blade 43A. The wind-receiving surface
50 Includes both the suction surface 46 and the pressure surface 47. The wind-receiving
surface 50 Is formed by a first fabric panel 51A and a second fabric panel 51B which extend
along a length of the blade 43A from the hub end 44 to the blade tip 45 and which wrap around
the blade 43A. The first and second fabric panels 51A and 51B are connected to one another
along the length of the blade 43A from the hub end 44 to the blade tip 45 by an elongate
connector 52A extending across the suction surface 46.

[0107] Wind turbine blade 43A has an Internal skeleton structure substantially identical to
Internal skeleton structure 18 of wind turbine blade 43A shown In Figure 3, consisting of
multiple composite sandwich rib panels 19 extending from a carbon fibre pole 20.

[0108] Figure 13 shows a rib panel 54A, substantially identical in shape to rib panel 17A of the
first example embodiment, iIn more detail. Rib panel 54A consists of a composite sandwich
panel 55 which, when viewed along a longitudinal axis of the blade 43A from the hub end 44 to
the blade tip 45, has an aerodynamic profile defined by a panel edge 56. Panel edge 56 can
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be divided into suction surface edge portion 57A, pressure surface edge portion 57B, leading
edge portion 57C and trailing edge portion 5/D. An elliptical aperture 58 Is provided through
the thickness of the composite sandwich panel 55 configured to provide an Interference fit
around the elliptical pole 20.

[0109] When In use, the wind-receiving surface 50 comprising first and second fabric panels
51A and 51B 1s wrapped around and is supported by, in part, rib panel 54A. Fabric panels 51A
and 51B are connected to one another along the longitudinal length of the blade 43A by
elongate connector 52A. Elongate connector 52A is slidably attached to the suction surface
edge portion 57A of composite sandwich panel 55. Fabric panels 51A and 51B are also
connected to one another along the longitudinal length of the blade 6A by a second elongate
connector 52B. Elongate connector 52B is slidably attached to the pressure surface edge
portion 5/B of composite sandwich panel 55. Elongate connectors 52A and 52B therefore
ensure that the first and second fabric panels 51A and 51B together wrap completely around
the composite sandwich panel 55. In particular, fabric panel 51A forms a continuous fabric
surface across leading edge portion 57C of composite sandwich panel 55, and fabric panel
51B forms a continuous fabric surface across trailing edge portion 57D of composite sandwich
panel 55.

[0110] Figure 14 shows a portion of the wind turbine blade 43A between rib panels 54A and
19B. Elongate connectors 52A and 52B are slidably attached to each rib panel In
approximately equivalent positions around the panel edge of each said rib panel. Fabric panels
51A and 51B therefore wrap completely around each said rib panel. Fabric panels 51A and
51B are dimensioned and positioned so as to be pulled taught between adjacent rib panels
along the longitudinal axis of the wind turbine blade 43A. The elongate connectors 52A and
52B are further configured to hold the fabric panels 51A and 51B under tension around the
wind turbine blade 43A. Elongate connectors 52A and 52B further support the fabric panels
51A and 51B between each rib panel. The wind-receiving surface 50 formed by fabric panels
51A and 51B Is therefore a taught, smooth, aerodynamic surface presenting few interruptions
or features capable of disrupting the smooth flow of air thereacross.

[0111] Because the fabric panels 51A and 51B, the elongate connectors 52A and 52B and the
Internal support structure 16 are slidably coupled to one another, In use, each respective
element may slide along the length of the wind turbine blade 43A as said wind turbine blade
43A deforms under the aerodynamic forces exerted on it and the hub 4 rotates. The wind
recelving fabric surface 50 is therefore free to deform in order to accommodate bending of the
Internal support structure 53 without said fabric surface 50 sagging between adjacent rib
panels because the elongate connectors 52A and 52B slide along the length of the blade 43A
as the structure bends.

[0112] Both of the fabric panels 51A and 51B are formed from the same laminated textile
material as fabric sock 15 of the first example embodiment, as illustrated in Figure 6. Each of
the fabric panels 51A and 51B i1s provided with two, substantially parallel bolt rope terminated
edges.
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[0113] Figure 15 shows elongate connector 52A In more detail (elongate connector 52B has a
substantially identical shape). Elongate connector 52A extends from a hub end 59 to a blade
tip end 60 and is formed from metal. Two hollow grooves 61A and 61B are provided along side

walls 62A and 62B respectively, each for retaining a bolt rope terminated edge of fabric panel
51A or 51B.

[0114] Figure 16 shows a cross section through elongate connector 52A retaining fabric
panels 51A and 51B. Hollow groove 61A comprises an aperture 63A leading from side wall 62A
to a cavity 64A. Similarly, hollow groove 61B comprises an aperture 63B leading from side wall
62B to a cavity 64B. A bolt rope terminated edge 65A of fabric panel 51A Is retained within
cavity 64A, and a bolt rope terminated edge 65B of fabric panel 51B Is retained within cavity
64B. Fabric panels 51A and 51B are therefore restricted from moving In a direction
perpendicular to side walls 62A and 62B (i.e. In a direction In the local plane of the wind-
recelving surface 50).

[0115] Adjustable control of fabric tension In the first and second fabric panels 51A and 51B
may be achieved by use of tension control members including the trailing edge beam 36 or
tensioning cables 42 of the fist example embodiment of the invention.
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Patentkrav

1. Et vindturbineblad (5A, 5B, 5C, 43A), der om{fatter en ekstern bekledning, der
omfatter udspaendt vaev, der holdes langs en hovedpart af l&engden af vindturbinebladet
at to eller flere aflange vavsstgtteelementer (23A, 23B), den eksterne bekledning er
forbundet med hver af de to eller flere atflange vavsstgtteclementer kendetegnet ved, at
vindturbinebladet desuden omfatter en intern stgttestruktur (16), hvor:t mindst ét af de to
eller flere aflange vavsstgtteelementer er tastgjort forskydeligt til nevnte interne
stgttestruktur, sa nevnte mindst ene af de to eller flere aflange vavsstgtteelementer kan

forskydes langs mindst en del at lengden af vindturbinebladet.

2. Vindturbinebladet (5A, 5B, 5C, 43A) 1 henhold til krav 1, hvor1 hvert af de to eller
flere aflange vavsstgtteelementer (23A, 23B) er monteret forskydeligt 1 en indfeldning
pa den interne stgttestruktur (16), eventuelt hvori den eksterne bekladning er fastgjort

forskydeligt til hver af de to eller flere aflange vavsstgtteelementer.

3. Vindturbinebladet (5A, 5B, 5C, 43A) 1 henhold til krav 1 eller krav 2, hvori den
interne stgttestruktur (16) omfatter et langsgaende strukturelt stgtteelement, der
streekker sig langs mindst en hovedpart af lengden af vindturbinebladet og en pluralitet
af tvaergaende strukturelle stgtteelementer, og hvori hvert af de to eller flere aflange
vavsstgtteelementer (23A, 23B) er monteret forskydeligt i en indfaldning eller abning

pa mindst ét af de naevnte tvergaende strukturelle stgtteelementer.

4. Vindturbinebladet (5A, 5B, 5C, 43A) 1 henhold til krav 3, hvori det langsgaende
strukturelle stgtteelement omfatter en stang (18), der straekker sig langsgaende langs
mindst en hovedpart af l&ngden af vindturbinebladet, hvori pluraliteten af tvaergaende
strukturelle stgtteelementer omftatter en pluralitet af ribber (17, 54A), der strekker sig
tvaergaende fra nevnte stang, og hvori hvert af de to eller flere aflange
vavsstgtteelementer (23A, 23B) er monteret forskydeligt i en indfaldning eller abning

pa mindst én af de navnte ribber.
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5. Vindturbinebladet (5A, 5B, 5C, 43A) 1 henhold til ethvert af de forrige krav, hvori
den eksterne bekledning omfatter udspendt vaev, der straekker sig langs mindst 80 % at
lengden af vindturbinebladet, nevnte udspandte vav understgttes langs naevnte mindst
80 % af l&ngden af vindturbinebladet med de to eller flere aflange vavsstgtteelementer
(23A, 23B), der strekker sig langs nevnte mindst 80 % af lengden af

vindturbinebladet.

6. Vindturbinebladet (5A, 5B, 5C, 43A) 1 henhold til ethvert af de forrige krav, hvori
hvert af de to eller flere aflange vavsstgtteelementer (23A, 23B) omfatter et
langsgaende forbindelseselement (52A, 52B), og hvori den eksterne beklaedning
omtfatter to eller tlere vevspaneler (31A, 51B), der er forbundet med hinanden med
nevnte to eller flere aflange forbindelseselementer langs hovedparten af lengden at

vindturbinebladet.

7. Vindturbinebladet (5A, 5B, 5C, 43A) 1 henhold til krav 6, hvori de to eller flere
vaevspaneler (51A, 51B) holdes udspandte af de to eller flere atlange
forbindelseselementer (32A, 52B), og/eller hvori vindturbinebladet desuden omfatter én
eller flere spaendingskontrolelementer, der kan justeres for at kontrollere udspandingen

1 nevnte eksterne bekledning.

8. Vindturbinebladet (5A, 5B, 5C, 43A) 1 henhold til krav 6 eller krav 7, hvor1 hvert af
de nevnte to eller tlere atlange torbindelseselementer (52A, 52B) omfatter fgrste og
andre aflange kanaler, den fgrste naevnte kanal holder en kant pa €t af de to eller flere
vavspaneler (51A, 51B), og den anden n&vnte kanal holder en kant pa et andet af de to

eller flere vaevspaneler.

9. Vindturbinebladet (5A, 5B, 5C, 43A) 1 henhold til krav 8, hvori kanten pa ét af de to

eller flere vaevspaneler (51A, 51B) og kanten pa en anden af de to eller flere

vavspaneler begge er boltrebsendekanter pa navnte respektive vaevspaneler.
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10. Vindturbinebladet (5A, 5B, 5C, 43A) 1 henhold til ethvert af kravene 6 til 9, som har
mere end to, men ferre end seks nevnte vevspaneler (S1A, 51B) og et tilsvarende antal

atlange torbindelseselementer (52A, 5B) derimellem.

11. Vindturbinebladet (5A, 5B, 5C, 43A) 1 henhold til ethvert af de forrige krav, hvori
naevnte vindturbineblad strakker sig langsgaende mellem en navendedel (7, 44, 59) og
en bladspidsdel (8, 45, 60), og hvor1 nevnte eksterne bekledning omfatter en
vindmodtagende eksterne flade (15, 50), der omfatter en sugeflade (9, 46) og en
tryktlade (10, 47), som begge straekker s1g mellem en forkant (11, 48) og en bagkant
(12, 49) pa vindturbinebladet og dermed definerer en aerodynamisk profil, eventuelt
hvori mindst €t af de to eller flere atlange vaevsstgtteelementer (23A, 23B) eller mindst
¢t af de to eller tlere atlange forbindelseselementer (52A, 52B) strekker sig langs en
bgjningslinje pa en konkav del af trykfladen.

12. Vindturbinebladet (5A, 5B, 5C, 43A) 1 henhold t1l krav 11, athe&ngigt af krav 7,
hvori €t eller flere af nevnte ene eller flere spendingskontrolelementer er arrangeret
langs bagkanten (12, 49) pa bladet og dermed er justerbar til at kontrollere spa&ndingen 1

naevnte eksterne bekladning 1 en tvaergaende retning (34).

13. Vindturbinebladet (5A, 5B, 5C, 43A) 1 henhold t1l krav 11, athengigt af krav 7,
hvori €t eller flere af nevnte ene eller flere spendingskontrolelementer er arrangeret ved
navendedelen (7, 44, 59) pa bladet og dermed er justerbar til at kontrollere spandingen 1

naevnte eksterne beklaedning 1 en langsgaende retning (40).

14. Vindturbinebladet (5A, 5B, 5C, 43A) 1 henhold til ethvert af kravene 11 t1l 13, som
desuden athanger af krav 6, hvori €t at de to eller flere vevspaneler (31A, 51B) danner

en kontinuerlig vaevsflade (15) pa tvars af forkanten (11, 48) pa bladet.

15. Vindturbinebladet (5A, 5B, 5C, 43A) 1 henhold til ethvert af de forrige krav, hvori
nevnte vaev omifatter et laminattekstil, der omfatter skiftende lag af vevede og ikke-

vavede stofter.
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