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DESCRIPTION

Technical field

[0001] The present invention relates to a blade for a wind turbine, notably to the structure of
an airfoil of the blade near its trailing edge section. The invention also relates to a method for
manufacturing such a blade.

Background of the invention

[0002] Shells for wind turbine blades forming the aerodynamic profile of the blades, i.e. the
airfoils, are commonly manufactured by laying up of fibre reinforcements in respective upper
and lower mould halves. The upper and lower mould halves are used to form two half shells - a
first half shell provides the suction surface of the blade and a second half shell provides the
pressure surface of the blade. The two half shells are joined together along a leading edge and
a trailing edge to form the blade.

[0003] To fabricate each shell half, fibre reinforcement material (such as glass fibre and/or
carbon fibre) is laid up in each mould half. Next, a vacuum film is placed over the fibre material.
The vacuum film is commonly referred to as 'vacuum bagging film' and is sealed against the
half mould to eliminate air leaks and create a substantially sealed volume containing the fibre
reinforcement material. Air is then removed from the substantially sealed volume using a
vacuum pump. The vacuum pump extracts air from the substantially sealed volume and from
the lay-up of fibre reinforcement material to create an effective vacuum, which causes the
vacuum film to apply pressure to the fibre reinforcement material. Under the vacuum, resin
(typically thermoset resin) is infused into the fibre material and the mould half is heated to cure
the resin. When both half shells have been manufactured in their respective half moulds, the
two half moulds are brought together to close the mould and to adhesively join the half shells
along the leading edge and the trailing edge to form the blade.

[0004] Instead of the resin being infused into the substantially sealed volume, the fibre
reinforcements may be pre-impregnated with a thermoset resin (i.e. pre-preg fibre material),
which is heated to above its glass transition temperature under the vacuum, to cause the resin
to distribute evenly within the mould and bond the fibre reinforcements together.

[0005] The trailing edge section of wind turbine blades poses a particular challenge in relation
to manufacturing by moulding. From an aerodynamic perspective, it may be desired to
minimize the thickness of the trailing edge of airfoils for wind turbine blades in order to
minimize aerodynamic drag. For obvious reasons, however, indefinitely thin trailing edges
cannot be achieved, and accordingly wind turbine blades generally have a certain trailing edge
thickness of between a few millimetres and a few centimetres. So-called flat back profiles with
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a considerable trailing edge thickness have been proposed in the prior art. It will hence be
appreciated that the trailing edge effectively has a non-zero thickness in traditional blades and
flat-back structures alike. Upper and lower mould halves used for the manufacture of such
blades are normally split along a pressure side, i.e. lower surface of the blade. Accordingly, the
upper mould half defining and accommodating the suction side of the blade also defines the
flat-back trailing edge section and accommodates the fibre reinforcement, which forms the
trailing edge section, the fibre reinforcement being generally provided as a mat. At the trailing
edge of the blade, the blade forms a 90° or almost 90° corner, in which fibre mats may not sit
effectively unless the corner is rounded. In order to avoid a fragile resin rich area in such
corners, a transition between the pressure side surface of the blade and the trailing edge may
hence be rounded, i.e. provided with a corner radius. Such a radius may, however,
compromise aerodynamic performance of the blade, because it reduces the aerodynamically
effective area of the airfoil and impedes controlled flow separation. EP2169216 discloses a
wind turbine with a cavity in the trailing edge.

Summary of the invention

[0006] On the above background it is an object of preferred embodiments of the invention to
provide a blade for a wind turbine, which avoids resin rich corner areas as discussed above
and yet improves aerodynamical efficiency of the blade.

[0007] In a first aspect, the invention provides a blade for a wind turbine, the blade extending
in its lengthwise direction from a hub portion to a tip portion of the blade and in its chordwise
direction from a leading edge to a trailing edge of the blade, wherein a major part of the blade
defines an airfoil in a cross section extending transversely to the lengthwise direction, the airfoil
having an outer surface defining:

» aleading edge section and a flat-back trailing edge section;

e a pressure side section and an opposed suction side section extending between and
interconnecting the leading edge section and the trailing edge section;

* a rounded connecting section interconnecting the pressure side section and the trailing
edge section,

wherein the rounded connecting section attaches to the pressure side section at a transition
point, in which the pressure side section's tangent does not coincide with the rounded
connecting section's tangent, so that the outer surface of the airfoil has a sharp corner at said
transition point.

[0008] The present invention hence provides a truncated radius at the corner between the
pressure side section and the trailing edge section. The truncated radius renders it possible to
extend the pressure side surface of the airfoil, as the length of the rounded connecting section
may be reduced, thereby increasing that surface area of the blade, which is available for
generating aerodynamic lift. Moreover, as the geometrical discontinuity between the pressure
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side surface and the trailing edge section provides a sharp corner, flow separation may be
forced at the transition point, at which the rounded connecting section attaches to the pressure
side. At that point flow separation is desirable, notably in respect of flat back airfoils, because
such airfoils may generate steep pressure gradients, which may lead to aerodynamically
destructive flow separation from the suction surface. Accordingly, flow separation at the
transition point at the pressure side may be utilized as a separation control technique, which
prevents premature separation from the suction side.

[0009] According to the invention, the rounded connecting section attaches to the pressure
side section at a transition point. At the transition point, a tangent of the pressure side section
does not coincide with a tangent of the rounded connecting section, so that the outer surface
of the airfoil has a sharp corner at the transition point. By "tangent" is meant the straight line
that touches the pressure side section or rounded connecting section and is a straight line
approximation to the pressure side section or rounded connecting section at the transition
point.

[0010] While the sharp corner at the transition point resulting from the non-coinciding tangents
of the pressure side section and the rounded connecting section brings about the above
aerodynamical effects, the present invention preserves the benefits of a fully rounded
connecting section in relation to ease of manufacture. This is because a sharp 90° corner, in
which fibre reinforcements, such as fibre mats, may not sit effectively and hence may cause
structurally weak resin rich areas, is avoided.

[0011] Along at least a part of the length of the blade in its spanwise direction, i.e. from a hub
to a tip portion thereof, the trailing edge section is preferably a flat back trailing edge. The ratio
between a height of the flat back trailing edge and a chord length may be between 2% and
15%. In the spanwise direction the blade preferably has a flat back trailing edge along 30% of a
spanwise length of the blade, from a cylindrical root section towards the tip. The flat back
trailing edge could also extend from the root of the blade to 60% of the spanwise length of the
blade.

[0012] In preferred embodiments of the invention, the rounded connecting section's tangent
forms an angle of 60° or less to the pressure side's tangent, such as from about 10° to about
60°, such as an angle in the range from about 25° to about 35°, the angle being defined
between that part of the pressure side's tangent, which extends away from airfoil (i.e. in
direction of the flow across the airfoil), and that part of the connecting section's tangent, which
extends towards the suction side of the airfoil.

[0013] Generally, a ratio between a curvature radius of the rounded connecting section and a
height of the trailing edge section defined as a straight-line distance between the pressure side
and the suction side of the airfoil at the trailing edge section may be between 0.01 and 0.2. Or,
this ratio may be between 0.01 and 1. The height of the trailing edge section may be between
1 and 100 mm or more, such as between 1 and 200 mm, or between 1 and 500 mm.



DK/EP 3027892 T3

[0014] The height of the trailing edge section may reduce toward the tip of the blade at least
over an outbound portion of the length of the blade, i.e. along a portion of that part of the
blade, which extends from the shoulder of the blade (that part of the blade having the largest
chord dimension) to the tip of the blade. For example, the height of the trailing edge section
may gradually reduce, so that the trailing edge height reduces when the chord dimension of
the airfoil reduces along the length of the blade. Thus, a height of the trailing edge section may
be larger at a first point along the length of the blade than at a second point along the length of
the blade, the second point being closer to the tip portion than the first point.

[0015] The rounded connecting section may, in preferred embodiments of the invention, have
a curvature radius of about 10 mm to about 50 mm. However, even larger radii of curvature
are envisaged, notably in respect of flat-back structures with a substantial flat-back height of
the trailing edge section.

[0016] In order to optimize aerodynamic performance of the blade, the thickness of the blade
may increase towards the trailing edge section of the airfoil in the vicinity of the trailing edge
section. Preferably, the thickness increases along the rearmost 1-5% of the length of the airfoil.
In this context, the thickness of the airfoil is defined as a straight-line distance between the
pressure side and the suction side when measured in a direction perpendicular to the
chordline. The area of increased thickness may be provided as a separate element, preferably
a non-structural element made e.g. from foam or rubberised material, attached to a main part
of the blade.

[0017] In a second aspect, the invention provides a method of manufacturing a blade
structure for a wind turbine, the blade extending in its lengthwise direction from a hub portion
to a tip portion of the blade and in its chordwise direction from a leading edge to a trailing edge
of the blade, wherein a major part of the blade defines an airfoil in a cross section extending
transversely to the lengthwise direction, the airfoil having an outer surface defining:

* aleading edge section and a flat-back trailing edge section;

e a pressure side section and an opposed suction side section extending between and
interconnecting the leading edge section and the trailing edge section;

» a rounded connecting section interconnecting the pressure side section and the trailing
edge section,

wherein the rounded connecting section attaches to the pressure side section at a transition
point, in which the pressure side section's tangent does not coincide with the rounded
connecting section's tangent, so that the outer surface of the airfoil has a sharp corner at said
transition point,

said method comprising the steps of:

e providing a mould for the blade or a segment thereof, the mould comprising a first mould
half shaped to define the suction side of the airfoil, and a second mould half shaped to
define to define the pressure side of the airfoil, and wherein, in a trailing edge section of
the airfoil, the second mould half further defines the trailing edge section of the airfoil;
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» providing layers of a fibrous material in the respective first and second mould halves;
¢ assembling the first and second mould halves;

« filling a resin into the mould;

e curing the resin;

* removing the structure thus manufactured from the mould.

[0018] It will be understood that the method according to the second aspect of the invention is
suitable for manufacturing at least a substantial part of a wind turbine blade according to the
first aspect of the invention.

[0019] The layers of fibrous material preferably form respective first and second blade shell
parts in the mould halves. The layers of fibrous material may, for example, be provided as
mats, such as uni- or multidirectional prepregs, which, preferably, are dry to touch. They may
be pre-coated with a resin, or they may be void of resin. The resin which is filled into the mould
upon assembly of the mould halves may be a thermoplastic or a thermosetting resin. It may be
filled into the mould by any injection or infusion process known per se.

[0020] The structure formed by the method according to the second aspect of the invention
may constitute at least a substantial part of the wind turbine blade. Further steps, such as
polishing, painting, mounting of lightning receptors and lightning down conductors, or mounting
of means for attaching the blade to a wind turbine hub may be carried out following the steps
of the method according to the second aspect of the invention in order to arrive at a completed
wind turbine blade. The structure formed may be a segment of a blade, which is to be
assembled with further blade segments, which together make up the entire blade.

[0021] It should be understood that the term "mould half" does not necessarily designate
exactly one half in terms of weight or volume of the blade structure. The term "mould half"
should rather be understood to comprise an upper or lower part of the mould structure.

[0022] The second mould half is shaped to define the trailing edge section of the airfoil; in
other words, the mould is split along the suction side of the blade. Thanks to this feature, the
rounded connecting section and the corresponding mould section may be shaped to define a
draft angle of the second mould half to allow the blade to be removed from the mould. The
benefit of providing the mould split along the suction side of the blade is particularly
pronounced in respect of flat-back embodiments of the blade, in which the blade twists along
its span, whereby the flat-back trailing edge section also twists. Thus, by arranging the mould
split along the suction side of the blade, the present invention makes it possible to mould flat-
back trailing edge blades which twist along their span.

Detailed description of embodiments of the invention
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[0023] Embodiments of the invention will now be described further with reference to the
accompanying figures, in which:

Fig. 1 shows an airfoil constituting a cross-section of a wind turbine blade;

Fig. 2 illustrates a trailing edge part of a mould for manufacturing a blade structure according
to the present invention;

Fig. 3 illustrates a portion of a pressure side of a blade according to the present invention in
the vicinity of the trailing edge section thereof as well as a portion of the trailing edge section
itself;

Figs. 4-6 show partial views of three alternative embodiments of a trailing edge part of a blade
according to the invention.

[0024] The airfoil 100 of Fig. 1 comprises a suction side surface 103, a pressure side surface
104, a leading edge section 105, and a flat-back trailing edge section 106. Reference numeral
107 in Fig. 1 designates the chordline of the airfoil. The outer walls of the airfoil constitute a
shell structure, which is made from fibre-reinforced resin. The shell may be self-supporting, i.e.
self-bearing, or it may be reinforced by appropriate structure (not shown), such as one or more
spars extending in a lengthwise direction of the blade, i.e. extending out of the airfoil plane
depicted in Fig. 1. The thicknesses of the blade at various positions along the chordline are
denoted t4, to and t3in Fig. 1, and the height of the flat-back trailing edge is denoted h.

[0025] The shell structure of the blade is formed by laying up of layers of fibres, such as fibre
mats, in respective mould halves, into which resin is filled by injection or infusion. Fig. 2 shows
a trailing edge detail of an embodiment of a cross-section of a mould 200 for the manufacture
of a blade according to the first aspect of the invention by the method according to the second
aspect of the invention. A lower mould half 202 defines the pressure side 104 of the blade
structure as well as its flat-back trailing edge section 106. A rounded section of the mould 208
interconnects a first portion 204 of the lower mould half 202, which forms the pressure side
surface 104 of the blade 100, and a second portion 206 of the lower mould half, which forms
the flat-back trailing edge section 106 of the blade 100. At a transition point 210 between the
first mould portion 204 and the second mould portion 206, the interior of the mould 200 forms
a sharp corner. An upper mould half 212 forms and defines the suction side surface 103 of the
blade 100. The lower and upper mould parts 202 and 212 form flanges 203 and 213, at which
they may be clamped together or otherwise attached to each other when the lower mould half
202 and the upper mould half 212 are brought together.

[0026] Fig. 3 shows a partial detail of an embodiment of a trailing edge section of the blade
generally depicted in Fig. 1 formed in a mould as shown in Fig 2. The blade comprises a
pressure side surface 104 and a flat-back trailing edge section 106, which are interconnected
by a rounded connecting section 108. At a transition point 110 between the pressure side
surface 104 and the rounded connection section 108, the surface of the blade forms a sharp
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corner, at which a tangent 114 of the pressure side section does not coincide with the rounded
connecting section's tangent 118. As shown in Fig. 3, that part of the pressure side's tangent
114, which extends away from the airfoil (from left to right in Fig. 3), and that part of the
connecting section's tangent 118, which extends towards the suction side of the airfoil
(upwardly in Fig. 3), form a mutual angle ©. In preferred embodiments of the invention, the
angle © is 60° or less, such as from about 10° to about 60°, such as in the range from about
25° to about 35°.

[0027] Due to the non-coinciding tangents, the airfoil forms a sharp corner at the transition
point 110, which may cause controlled flow separation, and which extends the aerodynamically
effective surface of the pressure side 104 of the airfoil by a distance & as compared to an airfoil
according to the prior art comprising a rounded connecting section 108', the tangent of which
coincides with the pressure side's tangent at the transition point 110'.

[0028] Figs. 4-6 illustrate details of embodiments of a trailing edge part of a blade structure
according to the present invention. Fig. 4 shows a basis shape as shown in Fig. 3. In the
embodiments of Figs. 5 and 6, the thickness of the blade increases towards the trailing edge
section of the airfoil in the vicinity of the trailing edge section, the thickness of the airfoil being
defined as a straight-line distance between the pressure side and the suction side when
measured in a direction perpendicular to the chordline. The area of increased thickness may
be provided as a separate element 220 as shown in Fig. 5, such as a non-structural element
made e.g. from foam or rubberised material, attached to a main part of the blade. Alternatively,
the area of increased thickness may be provided as an integrated part 222 of the blade
structure as shown in Fig. 6.
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Patentkrav

1. Vinge til en vindmglle, idet vingen straekker sig i dens leengderetning fra en
navdel til en spidsdel af vingen og i dens korderetning fra en forkant til en
bagkant af vingen, hvor en del af vingen definerer et baereplan (100) i et tveersnit
der straskker sig tvaerg%ende med laengderetningen, idet baereplanet har en

yderflade der definerer:
et forkantafsnit (105) og et bagkantafsnit (106) med en flad bagside;

et tryksideafsnit (104) og et modsat sugesideafsnit (103) der straekker sig

mellem og forbinder forkantafsnittet og bagkantafsnittet;

et afrundet forbindelsesafsnit (108) der forbinder tryksideafsnittet (104) og
bagkantafsnittet (106);

hvor det afrundede forbindelsesafsnit (108) fastggres pa tryksideafsnittet
(104) ved et overgangspunkt (110), hvor tryksideafsnittets tangent (114)
ikke traeffer sammen med det afrundede forbindelsesafsnits tangent (118),
saledes at yderfladen af baereplanet har et skarpt hjgrne ved

overgangspunktet.

2. Vinge ifglge krav 1, hvor det afrundede forbindelsesafsnits tangent (118)
danner en vinkel (@) fra ca. 10° til ca. 60° i forhold til tryksidens tangent (114).

3. Vinge ifalge et hvilket som helst af de foregdende krav, hvor et forhold mellem
en krumningsradius af det afrundede forbindelsesafsnit (108) og en hgjde pé
bagkantafsnittet (106) defineret som en ret linje afstand mellem tryksiden (104)
og sugesiden (103) af baereplanet ved bagkantafsnittet er pa mellem 0,01 og 0, 2.

4. Vinge ifglge krav 3, hvor forholdet mellem krumningsradiussen af det
afrundede forbindelsesafsnit (108) og hgjden pa bagkantafsnittet (106) er pa
mellem 0,01 og 1.

5. Vinge ifalge et hvilket som helst af de foregdende krav, hvor forholdet mellem
en hgjde pa bagkantafsnittet (106) og en kordeleengde af vingen er p& mellem
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2% o0g 15%.

6. Vinge ifglge et hvilket som helst af de foregdende krav, hvor hgjden pa
bagkantafsnittet (106) er stgrre ved et fgrste punkt langs laengden pa vingen end
ved et andet punkt langs laengden pa vingen, idet det andet punkt er teettere pa

spidsdelen end det fgrste punkt.

7. Vinge ifglge et hvilket som helst af de foregaende krav, hvor baereplanet (100)
definerer en kordelinje (107), og hvor, ved en hvilken som helst position langs
kordelinjen, defineres en tykkelse pd baereplanet som en ret linje afstand mellem
tryksiden (104) og sugesiden (103) nér den males i en retning vinkelret pa
kordelinjen, og hvor, i naerheden af bagkantafsnittet (106), vokser tykkelsen pd

vingen mod bagkantafsnittet af baereplanet.

8. Vinge ifglge et hvilket som helst af de foregaende krav, hvor, i mindst det
omrade af baereplanet (100) som har en gget tykkelse, tilvejebringes den ggede
tykkelse som et separat element fastgjort til en hoveddel af vingen.

9. Fremgangsmade til fremstilling af en vingestruktur til en vindmglle, idet vingen
streekker sig i dens leengderetning fra en navdel til en spidsdel af vingen og i dens
korderetning fra en forkant til en bagkant af vingen, hvor en vaesentlig del af
vingen definerer et baereplan (100) i et tvaersnit der straekker sig tvaergdende
med leengderetningen, idet baereplanet har en yderflade der definerer:

et forkantafsnit (105) og et bagkantafsnit (106) med en flad bagside;

et tryksideafsnit (104) og et modsat sugesideafsnit (103) der straekker sig

mellem og forbinder forkantafsnittet og bagkantafsnittet;

et afrundet forbindelsesafsnit (108) der forbinder tryksideafsnittet (104) og
bagkantafsnittet (103);

hvor det afrundede forbindelsesafsnit (108) fastggres pa tryksideafsnittet
ved et overgangspunkt (110), hvor tryksideafsnittets tangent (114) ikke
traeffer sammen med det afrundede forbindelsesafsnits tangent (118),
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3

saledes at yderfladen af baereplanet har et skarpt hjgrne ved

overgangspunktet;
hvilken fremgangsméade omfatter trinnene:

at tilvejebringe en form (200) til vingen eller et segment deraf, idet formen
omfatter en topformhalvdel (212) formet til at definere sugesiden af
baereplanet, og en bundformhalvdel (202) formet til at definere tryksiden
(104) af beereplanet (100), og hvor, i et bagkantafsnit (106) af
baereplanet, bundformhalvdelen endvidere definerer bagkantafsnittet af

baereplanet;

at tilvejebringe lag af et fiberholdigt materiale i de respektive top- (212) og
bund- (202) formhalvdele;

at samle top- og bundformhalvdelene;
at fylde resin i formen;
at haerde resinen;

at fjerne den saledes fremstillede struktur fra formen.
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