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Description

Technical field

[0001] The present invention relates generally to tip
extensions for wind turbine blades.

Background

[0002] There is a continuing desire to generate in-
creased levels of power from existing wind power pro-
duction facilities such as on-shore and off-shore wind
farms. One way to achieve this is to add further wind
turbines to a wind farm or to replace existing wind turbines
with larger wind turbines capable of generating more
power. Another way to achieve this is to increase the
power production and energy capture from existing tur-
bines, for example by replacing the blades with larger
blades. However, as the blades of wind turbines are ex-
pensive components, it is often prohibitive in terms of
cost to replace the blades.
[0003] It has therefore been proposed to modify the
blades of existing wind turbines by adding devices to the
blades. For example, it is known to add devices to the
blades to increase the dimensions of the blades. One
example of this is a blade tip extension, which may be
provided in the form of a sock that fits over the tip of a
blade and increases the length of the blade. The provision
of tip extensions increases the overall length of the blades
and thus increases the swept area of the rotor, allowing
the wind turbine to capture more energy from the wind.
[0004] The installation of blade tip extensions is tech-
nically challenging. The tip extensions must be fitted ac-
curately to the blade and attached firmly. As the devices
are typically installed to wind turbine blades in the field,
the process is carried out by operators working at a sig-
nificant height with exposure to often harsh climate con-
ditions. It is therefore important to develop attachment
processes that are both straightforward and reliable. To
this end, the tip extensions should be designed to facili-
tate the attachment process.
[0005] EP2365212A1 discloses a tip extension that is
held onto a main blade by means of a vacuum. An air
tight seal is provided between the tip extension and the
blade surface to maintain the vacuum pressure.
EP2735731 describes a blade attachment which is ret-
rofitted to the tip of a wind turbine blade.

Summary of the invention

[0006] According to a first aspect of the present inven-
tion there is provided a tip extension for fitting to a wind
turbine blade according to claim 1.
[0007] The tip extension is preferably in the form of a
sock. The tip extension preferably comprises an inboard
end, which is preferably open to receive the tip of the
blade, and an outboard end, which is preferably closed,
and which may define a tip of the tip extension.

[0008] The adhesive dam is preferably and advanta-
geously made from foam. The trailing edge of the blade
may compress or cleave the foam when fitting the tip
extension. The foam dam accommodates tolerances in
the chordwise dimension of the blade. For example, the
trailing edge of a blade having a chordwise dimension
that is slightly larger than nominal will project further into
the foam than the trailing edge of a blade with a slightly
smaller chordwise dimension than nominal.
[0009] Whilst a foam dam is preferred, it is envisaged
that other suitable materials could be used for the dam,
for example rubber or polystyrene. In such cases, a slot
or groove may be provided in the dam to accommodate
the trailing edge of the blade. A slot or groove may also
advantageously be provided in a foam dam.
[0010] With the trailing edge of the blade projecting
into the dam, the dam advantageously surrounds the
trailing edge of the blade and blocks the passage of ad-
hesive around the trailing edge in a subsequent bonding
operation. This prevents adhesive voids from forming in
the adhesive bond.
[0011] The adhesive dam is preferably attached to an
inner surface of the outer shell of the tip extension. The
adhesive dam may be attached to one or both of the half
shells. In preferred embodiments the adhesive dam is
attached to one of the half shells prior to bonding the half
shells together.
[0012] In summary, the tip extension comprises an ad-
hesive dam inside a trailing edge region of the tip exten-
sion. A chordwise position of a surface of the adhesive
dam is selected such that when the tip extension is fitted
to a blade, a trailing edge of the blade projects into said
surface.
[0013] According to a second aspect of the present
invention there is provided a wind turbine blade assembly
comprising a wind turbine blade and a blade tip extension
as described above fitted over a tip end of the blade.
[0014] The trailing edge of the blade inside the tip ex-
tension is preferably sandwiched between parts of the
adhesive dam.
[0015] According to a third aspect of the present inven-
tion there is provided a method of attaching a tip exten-
sion to a wind turbine blade, the method comprising: pro-
viding a tip extension as described above; and sliding
the tip extension onto a tip end of the blade such that a
trailing edge of the blade projects into the adhesive dam.
[0016] The method may further comprise providing
one or more further adhesive dams between an outer
surface of the blade and an inner surface of the tip ex-
tension. The one or more further adhesive dams may at
least partially define one or more bond cavities between
the tip extension and the blade. The method may further
comprise supplying adhesive to the one or more bond
cavities to bond the tip extension to the blade.
[0017] In summary, the method comprises sliding the
tip extension onto the blade such that a trailing edge of
the blade projects into the adhesive dam.
[0018] An example not part of the present invention
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provides a method of making a tip extension for a wind
turbine blade. The method comprises: providing first and
second half shells to be joined together to define an outer
shell of the tip extension, each half shell extending in a
spanwise direction between an inboard end and an out-
board end and extending in a chordwise direction be-
tween a tip extension leading edge and a tip extension
trailing edge; attaching an adhesive dam to an inner sur-
face of the first half shell, the adhesive dam extending
longitudinally in the spanwise direction and being spaced
apart from the tip extension trailing edge of the first half
shell in the chordwise direction; arranging the half shells
one on top of another to form an outer shell of the tip
extension defining a substantially hollow interior and
such that a cavity is formed inside the outer shell between
the adhesive dam and the aligned trailing edges of the
half shells; and providing adhesive to the cavity to bond
the half shells together at their respective trailing edges.
[0019] The method may further comprise providing
one or more holes in the first and or second half shells.
The one or more holes may communicate with the cavity
when the half shells are arranged one on top of another.
The method may comprise providing the adhesive to the
cavity via the one or more holes.
[0020] The method may further comprise attaching the
adhesive dam to one of the half shells prior to bonding
the half shells together.
[0021] The adhesive dam is preferably made of foam,
although as described above other suitable materials
may be used.
[0022] Optional and advantageous features described
in relation to one aspect of the invention apply equally to
all aspects of the invention. Repetition of optional fea-
tures and associated advantages is avoided for reasons
of conciseness.

Brief description of the drawings

[0023]

Figure 1 is a schematic view of a wind turbine having
a plurality of blades fitted with tip extensions;

Figure 2 schematically shows a tip extension fitted
to a tip end of a wind turbine blade;

Figure 3 shows first and second half shells forming
the tip extension;

Figure 4 shows the first half shell of the tip extension
in isolation;

Figure 5 shows the first and second half shells of the
tip extension bonded together by adhesive;

Figure 6 schematically illustrates a clash condition
between a trailing edge of the blade and cured ad-
hesive inside the trailing edge of the tip extension;

Figure 7 shows adhesive dams applied to the tip end
of a blade prior to fitting the tip extension;

Figure 7a is a schematic cross-sectional view of an
adhesive dam having a friction-reducing upper layer
and an adhesive lower layer;

Figure 8 shows the tip extension fitted over the tip
end of the blade and shows a plurality of pre-drilled
injection holes provided in the tip extension;

Figure 9 is a schematic cross-section taken along
the line 9-9 in Figure 8;

Figure 10 illustrates the process of bonding the tip
extension to the blade, in which adhesive is supplied
through the injection holes in the tip extension;

Figure 10a is a close-up view showing adhesive be-
ing injected through an injection hole;

Figure 11 is a schematic cross-sectional view of a
trailing edge region of a tip extension fitted to a blade,
illustrating an adhesive dam provided in the trailing
edge region of the tip extension and which is spaced
apart from the trailing edge of the blade;

Figure 12 schematically illustrates an alternative ar-
rangement of adhesive dams in which an additional
adhesive dam is provided near the trailing edge of
the blade;

Figures 13 and 14 schematically illustrate a preferred
arrangement of the adhesive dam at the trailing edge
of the tip extension, in which the trailing edge of the
blade cuts into the adhesive dam;

Figure 15 corresponds to Figure 14 and additionally
shows adhesive bonds between the tip extension
and the blade at the trailing edge of the blade;

Figure 16 is a schematic cross-section through a tip
extension formed as a single piece and including a
foam dam filling a trailing edge region inside the tip
extension; and

Figure 17 shows a curved tip extension fitted to a tip
end of a wind turbine blade.

Detailed description

[0024] Figure 1 is a schematic view of a horizontal axis
wind turbine 10 according to an embodiment of the
present invention. The wind turbine 10 comprises a tower
12 supporting a nacelle 14. A rotor 16 is mounted to the
nacelle 14. The rotor 16 comprises a plurality of wind
turbine blades 18. In this example, the rotor 16 comprises
three blades 18, but in other embodiments the rotor 16
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may have any number of blades 18. Each blade 18 is
retro-fitted with a blade tip extension (BTE) 20, which
extends the effective length of the blade 18.
[0025] Figure 2 is a schematic view of a wind turbine
blade assembly 22 comprising a wind turbine blade 18
fitted with a blade tip extension 20 according to an em-
bodiment of the present invention. The blade tip exten-
sion 20 in this example is in the form of a sock, which fits
over a tip end 24 of the blade 18. The tip end 24 of the
blade 18 comprises a tip 26. In some embodiments, the
tip 26 may optionally be removed from the blade 18 prior
to fitting the tip extension 20. The tip extension 20 com-
prises an outer shell 28 defining a substantially hollow
interior for receiving the tip end 24 of the blade 18.
[0026] The tip extension 20 has an inboard end 30 and
an outboard end 32. When fitted to the blade 18, the
inboard end 30 of the tip extension 20 is located closer
to a root 33 (see Figure 1) of the blade 18 than the out-
board end 32. The inboard end 30 of the tip extension
20 is open to receive the tip end 24 of the blade 18 to be
extended. The outboard end 32 of the tip extension 20
is closed and comprises a tip 36, which forms the tip of
the wind turbine blade assembly 22 when the tip exten-
sion 20 is fitted to the blade 18.
[0027] The outer shell 28 of the tip extension 20 ex-
tends longitudinally in a lengthwise (’spanwise’) direction
S between the open root end 30 towards the tip 36, and
extends transversely in a widthwise (’chordwise’) direc-
tion C between a leading edge 38 and a trailing edge 40.
The outer shell 28 defines an airfoil profile in cross-sec-
tion.
[0028] When fitted to the blade 18, an inboard portion
42 (also referred to as an ’overlap portion’) of the tip ex-
tension 20 overlaps the tip end 24 of the blade 18, and
is bonded to the blade 18 as will be discussed in more
detail later. An outboard portion 44 of the tip extension
20, comprising the tip-extension tip 36, serves to extend
the overall length of the blade 18.
[0029] In this example the blade tip extension 20 has
an overall length of approximately three metres. The in-
board portion 42 has a length of approximately two me-
tres, whilst the outboard portion 44 has a length of ap-
proximately one metre. Accordingly, when fitted to an
existing blade 18, the tip extension 20 extends the length
of the blade 18 by approximately one metre, and provides
a two-metre overlap. This size of tip extension is suitable
for blades having an original length of approximately 40
metres. However, in other examples the tip extension
may have other dimensions, and/or may be sized to fit
blades having a different length. These dimensions are
therefore exemplary only and are not intended to limit
the scope of the invention.
[0030] Further details of the tip extension 20 in terms
of its construction and method of attachment to the blade
18 will now be discussed with reference to the remaining
figures.
[0031] Referring to Figure 3, the outer shell 28 of the
tip extension 20 is formed from first and second half shells

46, 48, which are bonded together along their leading
and trailing edges 38, 40 to form the blade tip extension
20. Each half shell 46, 48 in this example is of composite
construction. The half shells 46, 48 are preferably each
formed in a respective mould. The moulding process may
involve resin infusion or prepreg techniques, which are
known to the skilled person who is familiar with the con-
struction of wind turbine blade shells.
[0032] For example, a typical resin infusion process
may involve arranging a number of layers of reinforcing
material such as glass- or carbon-fibre fabric in the mould
to form a layup. The layup may be covered with a layer
of vacuum film to form a sealed region encapsulating the
layup. A vacuum pump may be used to remove air from
the sealed region, and resin may be admitted into the
sealed region. The resin infuses between the fabric lay-
ers. The resin subsequently cures to form the finished
composite shells.
[0033] Referring to Figure 4, this shows the first half
shell 46 of the tip extension. Bond regions 50, 52 are
defined on an inner surface 54 of the half shell 46 in the
inboard portion 42 of the tip extension 20. As will be de-
scribed in further detail later, when the tip extension 20
is fitted to the blade 18, these regions 50, 52 of the tip
extension 20 are bonded to corresponding bond regions
defined on the outer surface of the blade 18. In this ex-
ample, the bond regions 50, 52 extend longitudinally in
the inboard portion 42 of the half shell 46. The bond re-
gions 50, 52 are spaced apart from one another in the
chordwise direction of the half shell 46.
[0034] The bond regions 50, 52 are arranged such that
when the tip extension 20 is fitted to the blade 18, a first
bond region 50 overlaps a trailing edge region of the
blade 18, whilst a second bond region 52 overlaps a spar
cap region of the blade 18. The first and second bond
regions 50, 52 are therefore referred to hereafter as the
‘trailing edge bond region’ 50 and the ‘spar cap bond
region’ 52 respectively.
[0035] A layer of peel ply 55 is provided in the bond
regions 50, 52 in this example. The peel ply layer 55 may
be provided as the uppermost layer in the layup when
forming the half shell 46 such that it is exposed on the
inner surface 54 of the half shell 46. The peel ply layer
55 includes a protective sheet, which is removed after
the moulding process to expose a rough surface in the
bond regions 50, 52. The rough surface advantageously
functions as a keying surface for the adhesive when the
tip extension 20 is bonded to the blade 18. The keying
surface enhances the bond strength between the tip ex-
tension 20 and the blade 18.
[0036] Spacers 56 are provided on the inner surface
54 of the first half shell 46, outside the bond areas 50,
52. The spacers 56 ensure that there is adequate space
for adhesive between the bond regions 50, 52 and the
outer surface of the blade 18 when the tip extension 20
is fitted to the blade 18.
[0037] An adhesive dam 57 is provided on the inner
surface 54 of the first half shell 46 in a trailing edge region
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58 of the half shell 46 near the trailing edge 40. The ad-
hesive dam 57 in this example comprises a strip or tape,
which is preferably made from a compressible material
such as foam. Foam has particularly advantages in this
context, which will be discussed in detail later. In this
example, the adhesive dam is made from PVC (polyvinyl
chloride) foam. The PVC foam strip 57 has approximate
dimensions of 5x10 millimetres in terms of height and
width. The strip is added to the first half shell 46 after the
half shell 46 is finished but before the two half shells 46,
48 are bonded together. The PVC foam strip 57 includes
an adhesive film on one side to facilitate attachment to
the inner surface 54 of the first half shell 46.
[0038] The adhesive dam 57 serves to contain adhe-
sive that is used to bond together the trailing edges 40
of the first and second half shells 46, 48 during manu-
facture of the tip extension 20, as discussed further below
with reference to Figures 5 and 6. The adhesive dam 57
extends longitudinally in the spanwise direction S (see
Figure 2). The adhesive dam is spaced from the trailing
edge 40 of the first half shell 46 in the chordwise direction.
In this example, the adhesive dam 57 extends in the
spanwise direction generally parallel to the trailing edge
40 of the first half shell 46, and hence it extends non-
parallel to a spanwise axis S’ of the first half shell 46. In
this example, the adhesive dam 57 extends longitudinally
from the near the tip 36 to near the root 30 of the half
shell 46. Other configurations of the adhesive dam 57
may be used in other embodiments.
[0039] Whilst not shown, the inner surface of the sec-
ond half shell 48 of the tip extension 20 is configured
similarly to the first half shell 46 in that it also includes
corresponding bond regions, peel ply in the bond regions
and spacers outside of the bond regions. However, in
this example, the adhesive dam 57 is associated only
with the first half shell 46. In other examples, the adhesive
dam 57 may instead be applied to the second half shell
48, or adhesive dams may be applied to both the first
and second half shells 46, 48 and optionally those adhe-
sive dams may be arranged in contact when the half
shells 46, 48 are bonded together.
[0040] Referring to Figure 5, this illustrates the process
of bonding the first and second half shells 46, 48 together
to form the tip extension 20. In this example, adhesive
60 is first applied at a plurality of discrete locations spaced
along the leading edge 38 of the first half shell 46. The
second half shell 48 is positioned into a jig and then low-
ered into position on top of the first half shell 46 such that
the leading and trailing edges 38, 40 of the respective
half shells 46, 48 are mutually aligned. The half shells
46, 48 may then be clamped in place. The adhesive 60
at the leading edge 38 forms a series of spot bonds be-
tween the two shells 46, 48 at their aligned leading edges
38. These spot bonds hold the two half shells 46, 48 of
the tip extension 20 together sufficiently to allow the lead-
ing edge 38 of the tip extension 20 to be over-laminated.
The over-lamination process preferably involves apply-
ing layers of prepreg glass-fibre fabric across the inter-

face of the half shells 46, 48 at the leading edge 38 using
hand layup.
[0041] When the second half shell 48 is positioned on
top of the first half shell 46, the adhesive dam 57 arranged
at the trailing edge 40 of the first half shell 46 is preferably
compressed slightly by the inner surface 62 (indicated in
Figure 9) of the second half shell 48. A trailing edge bond
cavity 64 is defined between the two half shells 46, 48,
which is bound by the adhesive dam 57 and the respec-
tive trailing edges 40 of the two half shells 46, 48. In this
example, adhesive 65 is injected into the trailing edge
bond cavity 64. The adhesive 65 is injected through at
least one hole 66 provided in at least one of the half shells
46, 48. The hole(s) 66 communicate with the trailing edge
bond cavity 64. In this example, a hole 66 is provided
near the tip 36 of the second half shell 48. The injected
adhesive 65 flows longitudinally from the tip 36 towards
the open root end 30 of the tip extension 20.
[0042] The adhesive dam 57 advantageously allows
the position of the trailing edge bond line between the
two half shells 46, 48 to be precisely defined. Without the
adhesive dam 57, it would not be possible to control the
chordwise position of the bond line. In particular, it would
not be possible to control the position of the face 67 of
the adhesive 65 that faces toward the leading edge 38
of the tip extension 20 (best shown in Figure 6). If the
adhesive 65 was to spread too far in the chordwise di-
rection (i.e. too far towards the leading edge 38 of the tip
extension 20) then it may prevent the tip extension 20
from fitting correctly to the blade 18. This is illustrated by
way of example in Figure 6, and discussed below.
[0043] Figure 6 shows schematic cross sections
through trailing-edge portions of a blade 18 and a tip ex-
tension 20 in the case where the tip extension 20 is not
provided with an adhesive dam. In this example, the ab-
sence of an adhesive dam means that the adhesive 65
has migrated too far in the chordwise direction away from
the trailing edge 40 since it is not constrained by an ad-
hesive dam. The cured adhesive 65 clashes with the trail-
ing edge 68 of the blade 18 and prevents the tip extension
20 from fitting over the blade 18. The provision of a trail-
ing-edge dam 57 in the tip extension 20 therefore pre-
vents such clashes from occurring. It will be appreciated
that the risk of a clash is only associated with the overlap
region 42 of the tip extension 20 and is not a problem
that exists with the outboard region 44.
[0044] Whilst the above example describes the injec-
tion of adhesive 65 at the trailing edge 40, the trailing
edge bond between the two half shells 46, 48 of the tip
extension 20 could instead be formed by applying adhe-
sive directly to one of the half shells 46, 48 prior to posi-
tioning the half shells 46, 48 together. This technique is
conventionally used when joining two half shells of a wind
turbine blade together. However, injection of adhesive
has been found to be preferable particularly in the case
of a curved tip extensions (such as the curved tip exten-
sion 20b shown in Figure 17 and discussed later) since
the curved geometry of the shells does not always pro-
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duce a satisfactory bond line using the conventional
bonding process.
[0045] Referring now to Figure 7, this shows the tip
end 24 of a conventional wind turbine blade 18, which
has been prepared for mounting of a tip extension. Prior
to attaching the tip extension, adhesive dams 70 are pro-
vided on the outer surface 72 of the blade 18 on both the
pressure and suction sides of the blade 18, although only
the suction side 73 of the blade 18 is visible in Figure 7.
The adhesive dams 70 are bonded to the outer surface
72 of the blade 18 and are arranged to extend along pre-
defined boundaries of bond regions 74, 76 defined on
the outer surface 70 of the blade 18. In this example, a
trailing edge bond region 74 is defined near the trailing
edge 68 of the blade 18 and a spar cap bond region 76
coincides with a position of a spar cap of the blade 18. It
will be appreciated that the position of these bond regions
74, 76 is selected to coincide with the bond regions 50,
52 defined on the inner surface 54 of the tip extension
20, which were described previously with reference to
Figure 4. The adhesive dams 70 applied to the outer sur-
face 72 of the blade 18 ensure that adhesive subsequent-
ly applied to bond the tip extension 20 to the blade 18 is
contained within these bond regions 74, 76.
[0046] The adhesive dams 70 may alternatively be pro-
vided inside the tip extension 20 during manufacture of
the tip extension 20. However, it is advantageous to apply
these dams 70 to the blade 18 because the tip extension
20 may be in storage for some time before it is used,
which may cause the dams 70 to deteriorate. By installing
these dams 70 on the blade 18 at the time of installation
of the tip extension 20, it can be ensured that the dams
70 are of high quality without deterioration.
[0047] Once the adhesive dams 70 have been applied
to the outer surface 72 of the blade 18, the blade 18 is
ready to receive the tip extension 20. Optionally, prior to
fitting the tip extension 20, the bond regions 74, 76 de-
fined on the outer surface 72 of the blade 18 may be
further prepared. For example the gel coat and/or paint
on the outer surface 72 of the blade 18 may be removed
and the bond regions 74, 76 may be cleaned and/or sand-
ed to enhance keying to the adhesive.
[0048] Referring now to Figure 8, the tip extension 20
is inserted over the prepared tip end 24 of the blade 18.
The process initially involves aligning the tip 26 of the
blade 18 with the open end 30 of the tip extension 20.
Once aligned, the tip extension 20 is pulled or pushed
over the tip end 24 of the blade 18 in the direction of the
arrows 78, i.e. towards the root of the blade 18.
[0049] The use of conventional foam (e.g. a PVC foam
strip) to form the dams 70 makes it difficult to fit the tip
extension 20 to the blade 18. This is caused by a build
up of friction between the dams 70 and the inner surfaces
54, 62 (indicated in Figure 9) of the tip extension 20,
which makes it difficult to slide the tip extension 20 over
the blade 18. Lower density foam dams have been found
to have a tendency to tear apart when sliding the tip ex-
tension onto the blade 18.

[0050] Preferably, the adhesive dams 70 may be
formed from or comprise materials that minimise friction
between the dams 70 and the tip extension 20. In this
example, and as illustrated schematically in Figure 7a,
the adhesive dams 70 comprise a strip or tape 80 having
a friction-reducing layer 82 on one side. The tape 80 may
be made from foam, e.g. PVC foam. The friction-reducing
layer 82 in this example is a layer of polytetrafluoroeth-
ylene (PTFE) e.g. Teflon™. The PTFE friction-reducing
layer 82 advantageously allows the tip extension 20 to
slide over the blade 18 without a build up of friction. An
adhesive layer 86 is preferably provided on the other side
of the tape 80 to facilitate attachment of the adhesive
dam 70 to the surface of the blade 18.
[0051] The PTFE layer 82 is preferably and advanta-
geously provided as an integral layer of the adhesive
dam 70. For example, the PTFE layer 82 may be provided
during manufacture of the dams 70. The dams 70 are
preferably manufactured in sheet form, wherein a layer
of PTFE is bonded to an upper surface of a sheet of PVC
foam, and a layer of adhesive may be bonded to the lower
surface of the sheet. The sheet may then be slit to the
required width of the tape to form the dams 70.
[0052] Whilst the PTFE layer 82 may be applied sub-
sequently to the dams 70, for example after the dams 70
have been manufactured or after the dams 70 have been
applied to the blade 18, there is a risk of such subse-
quently-applied PTFE layers 82 becoming displaced or
detached from the dams 70 during fitting of the tip exten-
sion 20 to the blade 18. If the PTFE layer 82 or part of it
is displaced into the bond regions 74, 76 (shown in Figure
7) then it may act as a crack initiator. It is therefore pref-
erable and advantageous to integrate the PTFE layer 82
into the structure of the dams 70 to avoid such problems.
It also facilitates attachment of the tip extension 20 as
there is no need to apply a PTFE layer 82 or other friction-
reducing substances to the dams 70 during the attach-
ment process.
[0053] When the tip extension 20 is pulled or pushed
over the blade 18, the adhesive dams 70 applied to the
blade 18 become sandwiched between the tip extension
20 and the blade 18. It can be seen in Figure 8 that the
tip extension 20 includes a plurality of pre-drilled holes
90, 91. As will be discussed in further detail later with
reference to Figure 10, the holes 90, 91 are used for
supplying adhesive between the blade 18 and the tip ex-
tension 20 in order to bond the tip extension 20 to the
blade 18.
[0054] In this example there are two rows of pre-drilled
holes 90, 91 in each half shell 46, 48 of the tip extension
20 (for ease of illustration, only certain holes are provided
with reference numerals in Figure 8). Each row extends
in a longitudinal (spanwise) direction and comprises a
plurality of mutually-spaced holes 90, 91. The holes 90,
91 are arranged to communicate with bond cavities 94,
96 (indicated in Figure 9) defined between the outer sur-
face 72 of the blade 18 and the inner surfaces 54, 62 of
the tip extension 20, as will be discussed in further detail
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below with reference to Figure 9, which is a schematic
cross-section taken along the line 9-9 in Figure 8, i.e.
through the tip end 24 of the blade 18 when overlapped
by the inboard portion 42 of the tip extension 20.
[0055] Referring to Figure 9, when the tip extension 20
is fitted to the blade 18, an overlap region 92 is defined
between the outer surface 72 of the tip end 24 of the
blade 18 and the inner surfaces 54, 62 of the inboard
portion 42 of the tip extension 20. A plurality of bond
cavities 94, 96 are defined in the overlap region 92. In
this example, the bond cavities 94, 96 are at least partially
defined by the adhesive dams 70 applied to the blade
18, and which are sandwiched between the blade 18 and
the inner surfaces 54, 62 of the tip extension 20. Specif-
ically, spar cap bond cavities 94 are defined between the
opposed spar cap bond regions 76 of the blade shell 18
and the inner surfaces 54, 62 of the tip extension 20, and
trailing edge bond cavities 96 are defined between the
opposed trailing edge bond regions 74 of the blade shell
18 and the inner surfaces 54, 62 of the tip extension 20.
As shown in Figure 9, the bond cavities 94, 96 are defined
on both the windward and leeward sides 97, 73 of the
blade 18.
[0056] The spar cap bond cavities 94 are each bound
in the chordwise direction C by the adhesive dams 70
applied to the surface 72 of the blade 18. The trailing
edge bond cavities 96 are bound in the chordwise direc-
tion C by the trailing edge adhesive dam 57 provided in
the tip extension 20 and by the trailing edge adhesive
dams 70 applied to the surface 72 of the blade 18.
[0057] Figure 9 also shows the spacers 56, which were
discussed previously with reference to Figure 4. The
spacers 56 ensure that there is a minimum separation
distance between the outer surface 72 of the blade 18
and the inner surfaces 54, 62 of the tip extension 20, so
that there is sufficient space in the bond cavities 94, 96
for adhesive. Preferably, the spacers 56 are substantially
incompressible.
[0058] Still referring to Figure 9, it can be seen that the
holes 90 provided in the spar cap bond region 52 of the
tip extension 20 communicate with the spar cap bond
cavities 94, whilst the holes 91 provided in the trailing
edge bond region 50 of the tip extension 20 communicate
with the trailing edge bond cavities 96.
[0059] Referring now to Figure 10, this illustrates the
process of bonding the tip extension 20 to the blade 18.
The process involves injecting adhesive 98 through the
holes 90, 91 provided in the tip extension 20 (see also
Figure 10a, which shows adhesive 98 being injected
through a hole 90a). For each bond, the adhesive 98 is
first injected through the hole 90, 91 closest to the tip 36
of the tip extension 20. The adhesive 98 begins to fill the
associated bond cavity 94, 96 and spreads out to fill the
part of the bond cavity generally beneath the hole 90, 91,
whilst being constrained by the adhesive dams 57, 70
discussed previously. The injection process continues
by injecting adhesive through the adjacent hole 90, 91 in
the series. Essentially, adhesive 98 is injected through

each hole 90, 91 in the series sequentially, starting at the
hole 90, 91 closest to the tip 36 and moving from hole-
to-hole towards the root end 30 of the tip extension 20.
[0060] As shown in Figure 10a, the shell 28 of the tip
extension 20 in this example is advantageously translu-
cent, since it is composed of glass-fibre composite. This
allows the flow front 100 of the adhesive 98 to be visually
inspected during the injection process. When the flow
front 100 begins to approach the next hole 90b in the
series, the injection process through the current hole 90a
is terminated and adhesive is injected through that next
hole 90b. In this example, the injection through a hole
90a is terminated when the flow of adhesive is within a
predetermined distance ’x’ from the next hole 90b (in this
example, the predetermined distance x is approximately
25 mm), and injection through that next hole 90b then
commences.
[0061] The process of injecting adhesive sequentially
through the series of holes 90, 91 moving from tip 36 to
root 30 advantageously prevents air lock offs and avoids
voids forming in the bonds. In addition, stopping adhesive
injection within the pre-determined distance also reduces
the back pressure of adhesive, and therefore reduces
the risk of breaching the adhesive dams. The root end
30 of the tip extension 20 is open, hence air can escape
through this open end 30 as the adhesive flow front 100
moves generally in a longitudinal direction towards the
open root end 30. Air can also escape through the next
hole in the series of holes 90, 91. Further, the adhesive
dams 57, 70 in this example are advantageously perme-
able to air, i.e. they are not air tight, hence air can escape
through the adhesive dams 57, 70. The bonding process
described herein therefore provides an excellent and du-
rable bond between the tip extension 20 and the blade
18 in precisely defined positions and without voids.
[0062] It was discussed above with reference to Figure
6 that the provision of an adhesive dam 57 near the trail-
ing edge 40 of the tip extension 20 allows the position of
the bond line between the two half shells 46, 48 of the
tip extension 20 to be precisely defined so that the pos-
sibility of the tip extension 20 clashing with the blade trail-
ing edge 68 is avoided during attaching of the tip exten-
sion 20. Further details, functions and advantages of this
adhesive dam 57 will now be discussed with reference
to Figures 11 to 14.
[0063] Referring to Figure 11, this schematically illus-
trates one potential arrangement of the adhesive dam 57
provided in the trailing edge region 58 of the tip extension.
In this example, the adhesive dam 57 is located such that
when the tip extension 20 is fitted to the blade 18, there
is a gap 102 in the chordwise direction between the ad-
hesive dam 57 and the trailing edge 68 of the blade 18.
Whilst this position of the adhesive dam 57 avoids a clash
condition, it presents certain problems. In particular,
when adhesive 98 is injected into the trailing edge bond
cavities 96, the adhesive 98 must flow around the trailing
edge 68 of the blade 18 from the leeward side 73 to the
windward side 97 (or vice versa). This inevitably causes
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air lock-offs, resulting in voids in the adhesive 98 in the
trailing edge bond cavities 96 and leading to a sub-opti-
mal bond at the trailing edge 68.
[0064] Referring now to Figure 12, this schematically
illustrates a possible configuration that avoids the adhe-
sive 98 needing to travel around the trailing edge 68 of
the blade 18. In this example, additional dams 104 are
provided on the pressure and suction surfaces 97, 73 of
the blade 18 near the trailing edge 68. The additional
dams 104 prevent the adhesive 98 from flowing around
the trailing edge 68 of the blade 18, and hence avoid air
lock-offs in the trailing edge bond cavities 96 when the
tip extension 20 is bonded to the blade 18. Whilst these
additional dams 104 prevent voids occurring in the ad-
hesive 98 in the trailing edge bond cavities 96, they result
in a relatively narrow bond line (in the chordwise direc-
tion) between the blade 18 and the tip extension 20 at
the trailing edge 68 of the blade 18. Furthermore, a void
106 is also formed between the trailing edge 68 of the
blade 18 and the adhesive dam 57 in the tip extension
20. A void 106 in this position is undesirable because
moisture may build up in this void 106, necessitating the
need for drain holes in the tip extension 20. Additionally,
in the event of a lightning strike on the blade 18, air or
moisture in this void 106 may expand and could burst
open the void 106, i.e. burst through the shell 28 of the
tip extension 20. Therefore, whilst the provision of addi-
tional adhesive dams 104 overcomes certain problems,
it also presents additional ones.
[0065] Referring now to Figure 13, this schematically
illustrates a preferred and particularly advantageous con-
figuration of the adhesive dam 57 provided in the trailing
edge region 58 of the tip extension 20. In this example,
the adhesive dam 57 is advantageously made from foam.
[0066] The adhesive dam 57 comprises a leading sur-
face 108, which faces the leading edge 38 (indicated in
Figure 5) of the tip extension 20 and a trailing surface
110 which faces the trailing edge 40 of the tip extension
20. As discussed previously, the dam 57 is spaced apart
from the trailing edge 40 such that a trailing edge cavity
64 is defined behind the dam 57, i.e. between the dam
57 and the trailing edge 40 of the tip extension 20. More
specifically, the cavity 64 is defined between the trailing
surface 110 of the dam 57 and the trailing edge 40 of the
tip extension 20. The cavity 64 is filled with adhesive 65
during construction of the tip extension 20 to bond the
two half shells 46, 48 of the outer shell 28 of the tip ex-
tension 20 together, as previously described.
[0067] The chordwise location of the foam dam 57 in
the tip extension is selected such that the trailing edge
68 of the blade 18 projects into the foam when the tip
extension 20 is fitted to the blade 18. More specifically,
the chordwise location of leading surface 108 of the dam
57 is selected such that the trailing edge 68 of the blade
18 projects into the foam 57 when the tip extension 20
is fitted to the blade 18. The chordwise location of the
leading surface 108 may selected by suitable selection
of the chordwise position of the dam 57 and the chordwise

width of the dam 57. During fitting of the tip extension 20,
i.e. as the tip extension 20 slides on to the blade 18, the
trailing edge 68 of the blade 18 effectively cuts into the
foam dam 57. This may involve the trailing edge 68 com-
pressing or cleaving the dam 57.
[0068] With the trailing edge 68 of the blade 18 pro-
jecting into the dam 57, parts of the dam 57 overlap the
pressure and suction surfaces 97, 73 of the blade 18 at
the trailing edge 68. In other words, the trailing edge 68
is sandwiched between parts of the adhesive dam 57.
The trailing edge 68 preferably forms an interference fit
with the adhesive dam 57. The adhesive dam 57 may
advantageously form an effective seal around the trailing
edge 68. The adhesive dam 57 advantageously sepa-
rates the leeward and windward sides 97, 73 of the blade
18 and blocks any passageway for adhesive around the
trailing edge 68 of the blade 18 thus avoiding the prob-
lems discussed above with reference to Figure 11.
[0069] As shown in Figure 15, the configuration of the
adhesive dam 57 shown in Figure 13 also enables a rel-
atively wide bond 109 (in the chordwise direction) to be
achieved between the blade 18 and the tip extension 20
at the trailing edge 68 of the blade 18, without the need
for a void, thereby avoiding the problems discussed
above with reference to the arrangement shown in Figure
12.
[0070] In this particular example, the nominal chord-
wise position of the foam dam 57 in the tip extension 20
may be selected so that the trailing edge 68 of the blade
18 cuts into the foam 57 by approximately five millimetres,
as indicated by the arrows 112 on Figure 13. Due to man-
ufacturing tolerances in the blade 18, the blade 18 may
have a slightly wider or narrower chord than the designed
dimension. For example, the chord dimension may have
a tolerance of +/- five millimetres. The chordwise width
W of the foam dam 57 may be suitably selected to ac-
commodate such manufacturing tolerances in the blade
dimensions, as discussed below.
[0071] In this example, the foam dam 57 may have a
chordwise width W of approximately 10 mm, or slightly
greater. Therefore, if the blade 18 has a wider chord than
nominal (of up to about 5 mm) the trailing edge 68 will
cut further into the foam dam 57 (as shown in Figure 14)
yet the dam 57 will still separate the leeward and wind-
ward sides 73, 97 of the blade 18. Alternatively, if the
blade 18 has a narrower chord than nominal (of up to
about 5 mm) the trailing edge 68 will cut less far into the
foam 57, yet the dam 57 will still separate the leeward
and windward sides 73, 97 of the blade 18.
[0072] The configuration of the adhesive dam 57 illus-
trated in Figures 13 to 15 therefore presents a number
of advantages. Firstly, it serves to constrain the adhesive
65 used to bond the two half shells 46, 48 of the tip ex-
tension 20 together, allowing the chordwise position of
this bond to be defined so that the tip extension 20 fits
the blade 18 without clashing (as discussed above with
reference to Figure 6). Secondly, it accommodates man-
ufacturing tolerances in the dimensions of the blade 18.
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Thirdly, it blocks the passage of adhesive 98 around the
trailing edge 68 of the blade 18, thus avoiding air lock-
offs, resulting in a superior bond devoid of voids between
the blade 18 and the tip extension 20 at the trailing edge
68. Fourthly, it allows the chordwise width of this bond
109 to be maximised.
[0073] Figure 16 is a schematic cross section through
a blade tip extension 20a according to another embodi-
ment which is not in the scope of the appended claims.
In this example the outer shell 28a of the tip extension
20a is formed from a single piece. This is in contrast to
the previous examples where the tip extension 20 is
formed from two half shells 46, 48 that are bonded to-
gether. In this embodiment an adhesive dam 57a is pro-
vided inside the tip extension 20a in the trailing edge
region 58a. The adhesive dam 57a in this example is
made from foam. The adhesive dam 57a substantially
completely fills the trailing edge region 58a inside the tip
extension 20a.
[0074] Forming the outer shell 28a as a single piece
avoids the requirement for an adhesive bond inside the
tip extension 20a at the trailing edge 40a (such as the
adhesive bond 65 shown in Figure 13). As the adhesive
dam 57a occupies substantially the entire trailing edge
region 58a, it advantageously avoids any voids in this
region 58a that may accumulate moisture and present
problems as discussed previously in connection with
voids in this region. The chordwise position of the leading
surface 108a of the dam 57a is selected such that when
the tip extension 20a is fitted to the blade, the trailing
edge of the blade advantageously projects into the lead-
ing surface 108a of the dam 57a in the same way as
described for previous embodiments. The chordwise po-
sition of the leading surface 108a may be selected by
suitable selecting of the chordwise width of the dam 57a.
Whilst not necessarily being utilised during fabrication of
the tip extension 20a, the adhesive dam 57a still provides
the second, third and fourth advantages summarised
above when incorporated in a tip extension 20a having
an outer shell 28a formed from a single piece.
[0075] Figure 17 shows a tip extension 20b in accord-
ance with another embodiment of the invention. In this
example, the tip extension 20b is curved. When fitted to
the blade 18, the tip extension 20b advantageously
curves away from the tower in order to prevent the ex-
tended blade 18 from striking the tower in use. The risk
of tower strike may increase when extending the length
of a blade 18, so the curved tip extension 20b advanta-
geously mitigates this risk. Alternatively, or additionally,
the curved tip extension 20b may be suited to fit blades
that already have a curved tip. The curved tip extension
20b may be manufactured and attached to the blade 18
in the same way as previously described, and it should
be appreciated that all of the technical features and ad-
vantages discussed above in relation to the previous em-
bodiments apply equally to a curved tip extension such
as the tip extension 20b shown in Figure 17.
[0076] The above embodiments are provided by way

of example only and are not intended to limit the scope
of the invention. Many modifications may be made to
these examples without departing from the scope of the
present invention as defined in the accompanying claims.
For example, whilst the dam 57, 57a provided at the trail-
ing edge of the tip extension 20, 20a, 20b is made from
foam in the above examples, other suitable materials
may be used. Suitable materials may include compress-
ible materials or materials that are softer than the mate-
rials comprising the blade trailing edge 68, thus allowing
the trailing edge 68 to compress or cleave the material
of the dam 57, 57a during fitting of the tip extension 20,
20a, 20b. In yet further embodiments, the adhesive dam
57, 57a in the tip extension 20, 20a, 20b may be provided
with a longitudinal channel or slot for receiving the trailing
edge 68 of the blade 18, which may allow harder or less
compressible materials to be used and/or which may fa-
cilitate the process of fitting the tip extension 20, 20a,
20b to the blade 18.

Claims

1. A tip extension (20) for fitting to a wind turbine blade
(18), the tip extension comprising:

an outer shell (28) defining a substantially hollow
interior for receiving a tip end (24) of a wind tur-
bine blade (18), the outer shell extending in a
spanwise direction between an inboard end (30)
and an outboard end (32), and extending in a
chordwise direction between a tip extension
leading edge (38) and a tip extension trailing
edge (40); and
an adhesive dam (57) is provided inside the tip
extension (20) in a trailing edge region (58) and
spaced apart from the tip extension trailing edge
(40) in the chordwise direction to define a cavity
(64) inside the tip extension between the adhe-
sive dam and the tip extension trailing edge, the
adhesive dam extending longitudinally in the
spanwise direction,
the outer shell (28) comprises first and second
half shells (46, 48) bonded together by adhesive
(65) provided within the cavity (64); and
a chordwise position of a surface (108) of the
adhesive dam (57) is selected such that when
the tip extension (20) is fitted to a blade (18), a
trailing edge (68) of the blade projects into said
surface.

2. The tip extension (20) of Claim 1, wherein the adhe-
sive dam (57) is made from foam.

3. The tip extension (20) of Claim 1 or Claim 2, wherein
the adhesive dam (57) is attached to an inner surface
(54, 62) of the outer shell (28).
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4. The tip extension (20) of any of Claims 1 to 3, wherein
the adhesive dam (57) substantially fills the trailing
edge region (58) of the tip extension.

5. The tip extension (20) of any preceding claim, where-
in the inboard end (30) is open and/or the outboard
end (32) is closed and/or the outboard end defines
a tip of the tip extension.

6. A wind turbine blade assembly comprising a wind
turbine blade (18) and a blade tip extension (20) as
defined in any of Claims 1 to 5 fitted over a tip end
of the blade.

7. The wind turbine blade assembly of Claim 6, wherein
the trailing edge of the blade (68) inside the tip ex-
tension (20) is sandwiched between parts of the ad-
hesive dam (57).

8. A method of attaching a tip extension (20) to a wind
turbine blade (18), the method comprising:

providing a tip extension (20) as defined in any
of Claims 1 to 5; and
sliding the tip extension onto a tip end of the
blade (18) such that a trailing edge (68) of the
blade projects into the adhesive dam (57).

9. The method of Claim 8, further comprising providing
one or more further adhesive dams (70) between an
outer surface (72) of the blade (18) and an inner sur-
face (54, 62) of the tip extension (20), wherein the
one or more further adhesive dams at least partially
define one or more bond cavities between the tip
extension and the blade, and wherein the method
further comprises supplying adhesive to the one or
more bond cavities to bond the tip extension to the
blade.

Patentansprüche

1. Spitzenverlängerung (20) zum Aufsetzen an einem
Windkraftanlagenblatt (18), wobei die Spitzenver-
längerung umfasst:

eine Außenschale (28), die einen im Wesentli-
chen hohlen Innenraum zur Aufnahme eines
Spitzenendes (24) eines Windkraftanlagenblat-
tes (18) definiert, wobei sich die Außenschale
in einer Spannweitenrichtung zwischen einem
innenliegenden Ende (30) und einem außenlie-
genden Ende (32) erstreckt und sich in einer
Schwenkrichtung zwischen einer Blattvorder-
kante (38) der Spitzenverlängerung und einer
Blatthinterkante (40) der Spitzenverlängerung
erstreckt; und
ein Klebstoffdamm (57) im Inneren der Spitzen-

verlängerung (20) in einem Blatthinterkantenbe-
reich (58) bereitgestellt ist und in der Schwen-
krichtung von der Blatthinterkante (40) der Spit-
zenverlängerung beabstandet ist, um einen
Hohlraum (64) im Inneren der Spitzenverlänge-
rung zwischen dem Klebstoffdamm und der
Blatthinterkante der Spitzenverlängerung zu de-
finieren, wobei sich der Klebstoffdamm in der
Spannweitenrichtung in Längsrichtung er-
streckt,
die Außenschale (28) eine erste und eine zweite
Halbschale (46, 48) umfasst, die durch einen
innerhalb des Hohlraums (64) bereitgestellten
Klebstoff (65) miteinander verbunden sind; und
eine Position einer Fläche (108) des Klebstoff-
damms (57) in Schwenkrichtung so gewählt ist,
dass beim Aufsetzen der Spitzenverlängerung
(20) auf ein Blatt (18) eine Blatthinterkante (68)
des Blattes in diese Fläche hineinragt.

2. Spitzenverlängerung (20) nach Anspruch 1, wobei
der Klebstoffdamm (57) aus Schaumstoff hergestellt
ist.

3. Spitzenverlängerung (20) nach Anspruch 1 oder An-
spruch 2, wobei der Klebstoffdamm (57) an einer
Innenfläche (54, 62) der Außenschale (28) ange-
bracht ist.

4. Spitzenverlängerung (20) nach einem der Ansprü-
che 1 bis 3, wobei der Klebstoffdamm (57) im We-
sentlichen den Blatthinterkantenbereich (58) der
Spitzenverlängerung ausfüllt.

5. Spitzenverlängerung (20) nach einem vorstehenden
Anspruch, wobei das innenliegende Ende (30) offen
ist und/oder das außenliegende Ende (32) geschlos-
sen ist und/oder das außenliegende Ende eine Spit-
ze der Spitzenverlängerung definiert.

6. Windkraftanlagenblattanordnung, umfassend ein
Windkraftanlagenblatt (18) und eine Blattspitzenver-
längerung (20), wie in einem der Ansprüche 1 bis 5
definiert, die über ein Spitzenende des Blattes auf-
gesetzt ist.

7. Windkraftanlagenblattanordnung nach Anspruch 6,
wobei die Blatthinterkante des Blattes (68) im Inne-
ren der Spitzenverlängerung (20) sandwichartig zwi-
schen Teilen des Klebstoffdamms (57) angeordnet
ist.

8. Verfahren zum Anbringen einer Spitzenverlänge-
rung (20) an einem Windkraftanlagenblatt (18), wo-
bei das Verfahren umfasst:

Bereitstellen einer Spitzenverlängerung (20)
wie in einem der Ansprüche 1 bis 5 definiert; und
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Aufschieben der Spitzenverlängerung auf ein
Spitzenende des Blattes (18), so dass eine Blatt-
hinterkante (68) des Blattes in den Klebstoff-
damm (57) hineinragt.

9. Verfahren nach Anspruch 8, weiter umfassend Be-
reitstellen eines oder mehrerer weiterer Klebstoff-
dämme (70) zwischen einer Außenfläche (72) des
Blattes (18) und einer Innenfläche (54, 62) der Spit-
zenverlängerung (20), wobei der eine oder die meh-
reren weiteren Klebstoffdämme zumindest teilweise
einen oder mehrere Verbindungshohlräume zwi-
schen der Spitzenverlängerung und dem Blatt defi-
nieren, und wobei das Verfahren weiter Zuführen
von Klebstoff zu dem einen oder den mehreren Ver-
bindungshohlräumen umfasst, um die Spitzenver-
längerung mit dem Blatt zu verbinden.

Revendications

1. Extension de pointe (20) destinée à être adaptée à
une pale d’éolienne (18), l’extension de pointe
comprenant :

une paroi externe (28) définissant un intérieur
sensiblement creux pour recevoir une extrémité
de pointe (24) d’une pale d’éolienne (18), la pa-
roi externe s’étendant dans le sens de l’enver-
gure entre une extrémité intérieure (30) et une
extrémité extérieure (32) et s’étendant dans le
sens de la corde entre un bord d’attaque d’ex-
tension de pointe (38) et un bord de fuite d’ex-
tension de pointe (40) ; et
un barrage adhésif (57) est prévu à l’intérieur de
l’extension de pointe (20) dans une région de
bord de fuite (58) et espacé du bord de fuite
d’extension de pointe (40) dans le sens de la
corde pour définir une cavité (64) à l’intérieur de
l’extension de pointe entre le barrage adhésif et
le bord de fuite d’extension de pointe, le barrage
adhésif s’étendant longitudinalement dans le
sens de l’envergure,
la paroi externe (28) comprend une première et
une seconde demi-parois (46, 48) liées ensem-
ble par un adhésif (65) prévu à l’intérieur de la
cavité (64) ; et
une position dans le sens de la corde d’une sur-
face (108) du barrage adhésif (57) est sélection-
née de telle sorte que, lorsque l’extension de
pointe (20) est ajustée sur une pale (18), un bord
de fuite (68) de la pale fait saillie dans ladite
surface.

2. Extension de pointe (20) selon la revendication 1,
dans laquelle le barrage adhésif (57) est constitué
de mousse.

3. Extension de pointe (20) selon la revendication 1 ou
2, dans laquelle le barrage adhésif (57) est fixé à
une surface interne (54, 62) de la paroi externe (28).

4. Extension de pointe (20) selon l’une quelconque des
revendications 1 à 3, dans laquelle le barrage adhé-
sif (57) remplit sensiblement la région de bord de
fuite (58) de l’extension de pointe.

5. Extension de pointe (20) selon l’une quelconque des
revendications précédentes, dans laquelle l’extrémi-
té intérieure (30) est ouverte et/ou l’extrémité exté-
rieure (32) est fermée et/ou l’extrémité extérieure dé-
finit une pointe de l’extension de pointe.

6. Ensemble pale d’éolienne comprenant une pale
d’éolienne (18) et une extension de pointe de pale
(20) telle que définie dans l’une quelconque des re-
vendications 1 à 5, adaptée à une extrémité de pointe
de la pale.

7. Ensemble pale d’éolienne selon la revendication 6,
dans lequel le bord de fuite de la pale (68) à l’intérieur
de l’extension de pointe (20) est pris en sandwich
entre des parties du barrage adhésif (57).

8. Procédé de fixation d’une extension de pointe (20)
à une pale d’éolienne (18), le procédé comprenant :

la fourniture d’une extension de pointe (20) telle
que définie dans l’une quelconque des revendi-
cations 1 à 5 ; et
le glissement de l’extension de pointe sur une
extrémité de pointe de la pale (18) de telle sorte
qu’un bord de fuite (68) de la pale fait saillie dans
le barrage adhésif (57).

9. Procédé selon la revendication 8, comprenant en
outre la fourniture d’un ou plusieurs autres barrages
adhésifs (70) entre une surface externe (72) de la
pale (18) et une surface interne (54, 62) de l’exten-
sion de pointe (20), dans lequel les un ou plusieurs
autres barrages adhésifs définissent au moins par-
tiellement une ou plusieurs cavités de liaison entre
l’extension de pointe et la pale, et dans lequel le pro-
cédé comprend en outre l’apport d’adhésif aux une
ou plusieurs cavités de liaison pour lier l’extension
de pointe à la pale.
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