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DESCRIPTION

Description

FIELD

[0001] The present subject matter relates generally to wind turbine rotor blades and, more
particularly, to a method for field retrofit of the existing blade tip segment with a replacement
blade tip segment.

BACKGROUND

[0002] Wind power is considered one of the cleanest, most environmentally friendly energy
sources presently available, and wind turbines have gained increased attention in this regard.
A modern wind turbine typically includes a tower, generator, gearbox, nacelle, and one or more
rotor blades. The rotor blades capture kinetic energy from wind using known foil principles and
transmit the kinetic energy through rotational energy to turn a shaft coupling the rotor blades to
a gearbox, or if a gearbox is not used, directly to the generator. The generator then converts
the mechanical energy to electrical energy that may be deployed to a utility grid.

[0003] Wind turbine rotor blades generally include a body shell formed by two shell halves of a
composite laminate material. The shell halves are generally manufactured using molding
processes and then coupled together along the corresponding ends of the rotor blade. In
general, the body shell is relatively lightweight and has structural properties (e.g., stiffness,
buckling resistance, and strength) which are not configured to withstand the bending moments
and other loads exerted on the rotor blade during operation.

[0004] In certain situations, it may be desirable to modify a rotor blade on an operational field
wind turbine. For example, it may be desired to change the physical characteristics of the
blade for noise reduction benefits, or to change the power characteristics of the blade. Such
modification may call for replacement of the existing blade tip with a different blade tip
segment. However, retrofit of an existing blade tip is a difficult and challenging process,
particularly if the process is conducted in the field (at the wind turbine site). In addition, the joint
between the replacement blade tip segment and the existing blade root segment typically
dictates the maximum load limit for the blade. Thus, retrofitted blade tip segments have been
limited to relatively short lengths.

[0005] As the size of wind turbine rotor blades have significantly increased in recent years,
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difficulties have emerged in the integral manufacture as well as conveyance and transport of
the blades to a site. In response, the industry is developing sectional wind turbine rotor blades
wherein separate blade segments are manufactured and transported to a site for assembly
into a complete blade (a "jointed" blade). In certain constructions, the blade segments are
joined together by a beam structure that extends span-wise from one blade segment into a
receiving section of the other blade segment. Reference is made, for example, to US Patent
Publication No. 2015/0369211, which describes a first blade segment with a beam structure
extending lengthways that structurally connects with a second blade segment at a receiving
section. The beam structure forms a portion of the internal spar structure for the blade and
includes a shear web connected with a suction side spar cap and a pressure side spar cap.
Multiple bolt joints are provided on the beam structure for connecting with the receiving section
in the second blade segment, as well as multiple bolt joints located at the chord-wise joint
between the blade segments.

[0006] Similarly, US Patent Publication No. 2011/0091326 describes a jointed blade wherein a
first blade portion and a second blade portion extend in opposite directions from a joint. Each
blade portion includes a spar section forming a structural member of the blade and running
lengthways, wherein the first blade portion and the second blade portion are structurally
connected by a spar bridge that joins the spar sections. The spar bridge may be an extension
of one of the spar sections that is received in a receiving spar section of the other blade
portion. As the extending spar section may be received in the receiving spar section, the
extending spar caps and the receiving spar caps may overlap each other along at least a part
of the length of the extending spar section. To limit the material thickness of the overlapping
spar caps, the references describes that the thickness of the receiving spar caps may be
tapered down towards the joint, i.e. along at least a part of the length of the receiving spar
section.

[0007] US Patent Publication No. 2014/286780 describes a method for retrofitting a wind
turbine blade with a replacement blade tip segment.

[0008] The jointed blade structures have not, however, been implemented in a manner
suitable for retrofitting of existing blades. Therefore, a viable method of retrofitting operational
blades in the field using jointed blade structure to allow for use of longer blade tip segments
would be an advantageous advancement in the art.

BRIEF DESCRIPTION

[0009] Aspects and advantages of the invention will be set forth in part in the following
description, or may be obvious from the description, or may be learned through practice of the
invention.

[0010] In one aspect, the present disclosure is directed to a method for retrofitting a wind
turbine blade with a replacement blade tip segment. The method includes providing a
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replacement blade tip segment having an internal beam receiver section, such as an open-
ended box-beam configuration. A complimentary beam structure is also provided, such as a
box-beam structure, having a size so as to slide within the receiver section. The existing blade
tip segment is cut away from the wind turbine blade, wherein the cut defines a chord-wise joint
line at the remaining blade root segment of the blade. The beam structure is then fitted into
and fixed to the existing spar structure of the blade root segment. The replacement blade tip
segment is then aligned in a span-wise orientation and connected with the blade root segment
so that the beam structure moves into the beam receiver section. Once the replacement blade
tip segment is fixed to the blade root segment, for example by using bolts or pins at various
locations to connect the beam structure within the receiver section, the blade shell components
can be repaired or finished at the joint line, for example a fiberglass, epoxy or other repair type
finish process.

[0011] In a certain embodiment, the wind turbine blade is operational on a wind turbine at a
field site, wherein the retrofitting process is performed with the wind turbine blade in an up-
tower position on the wind turbine rotor hub. Alternatively, the wind turbine blade can be
removed and lowered from the hub using any suitable process and the retrofitting process is
performed with the wind turbine blade in a down-tower position relative to the rotor hub. In still
other embodiments, the retrofitting process may be performed at any suitable off-site location.

[0012] The beam receiver section may be formed separately from the replacement blade tip
segment and incorporated with spar structure in the replacement blade tip segment.
Alternatively, the beam receiver section may be formed as an integral portion or component of
the spar structure.

[0013] The replacement blade tip segment can be pre-produced and transported to the field
site for the retrofitting process. In a certain embodiment, it may be desirable to produce and
maintain an inventory of the replacement blade tip segments, wherein for the retrofitting
process, one of the replacement blade tip segments is selected from the inventory and
transported to the field site.

[0014] Certain embodiments may include modifying the spar structure in the blade root
segment to accept the beam structure. These modifications may include, for example, removal
of a span-wise section of the shear webs adjacent to the joint line, wherein a tapered end of
the beam structure is then fitted between the remaining shear webs such that an opposite end
of the beam structure extends from the shear webs and becomes an extension of the spar
structure.

[0015] In addition, certain embodiments may include modifying the blade root segment to
accept the beam structure by tapering a section of the shell components of the blade root
segment towards the joint line. This tapered section allows for a partial overlap with the shell
components of the replacement blade tip segment and accommodates insertion of the beam
structure into the spar structure in the blade root segment.
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[0016] In order to fix the beam structure to the spar structure in the blade root segment of the
blade, one embodiment of the method includes drilling a span-wise pattern of holes through a
blade shell component of the blade root segment to provide internal access to the beam
structure and spar structure, and then sequentially injecting an adhesive into the holes. The
pattern of holes may be defined to allow injection of the adhesive between the tapered end of
the beam structure and shear webs along a portion of the beam structure, and around the
beam structure where the section of the shear webs is removed adjacent the joint line. In this
sequential injection process, a first one or ones of the holes are injected until the adhesive
flows from the adjacent hole or holes. Then, the injected hole is plugged or sealed, and the
adjacent hole is injected. This process progresses along the pattern of holes to ensure a
complete injection with no or minimal internal voids between the beam structure and existing
spar structure and shell components.

[0017] The finishing process on the blade shell components may include any conventional
repair or finishing technique to provide a relatively smooth and aerodynamic surface at the join
line between the shell components of the replacement blade tip segment and the root-end
blade segment. The finish may include application of a seal band wrapped around the blade
shell components at the joint line.

[0018] The present invention also encompasses a method for manufacturing a wind turbine
blade that is pre-staged for subsequent retrofitting with a replacement blade tip segment. An
embodiment of this method includes providing the wind turbine blade with a continuous spar
structure from a root section to a tip section of the blade. This spar structure may include, for
example, opposite shear webs and opposite spar caps that define a box-beam spar structure.
At a pre-defined span-wise location, one of a span-wise extending beam structure or a span-
wise extending receiver section is incorporated with the spar structure by fixing a root-end of
the beam structure or receiver section with the spar structure. A tip end of the beam structure
or the receiver section is free of the spar structure. If used, the beam structure has a size for
insertion into a mating receiver section within the replacement blade tip segment at a later
time. Likewise, if used, the receiver section is sized for receipt of a mating beam structure
extending from the replacement blade tip segment. In the embodiment wherein the spar
structure includes opposite shear webs, the root-end of the beam structure or receiver section
may be fixed between the shear webs, for example with an adhesive.

[0019] The method may further include retrofitting the wind turbine blade with the replacement
blade tip segment at a time subsequent to manufacture of the wind turbine blade by cutting an
existing blade tip segment from the wind turbine blade at a chord-wise joint line such that the
tip-end of the beam structure extends span-wise from a remaining blade root segment beyond
the chord-wise joint line, or the receiver section is exposed at the chord-wise joint line. Spar
structure in the blade root segment that extends along the tip-end of the beam structure or
receiver section may also be removed such that only the beam structure extends from the
blade root segment or the receiver section is exposed at the chord-wise joint line. Then, the
replacement blade tip segment is aligned and connected with the blade root segment in a
span-wise direction so that the beam structure moves into the receiver section of the
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replacement blade tip segment, or a beam structure extending from the replacement tip
segment slides into the receiver section. Then, a finish surface can be provided to the blade
shell components of the blade root segment and the replacement tip segment at the joint line.

[0020] As discussed above, the spar structure may include opposite shear webs, wherein the
root-end of the beam structure or receiver section is between and fixed to the shear webs, and
wherein the removing of the spar structure comprises cutting away the shear webs along the
tip-end of the beam structure or the tip end of the receiver section.

[0021] Other aspects of the retrofitting process discussed above are applicable to the blade
manufacturing and subsequent retrofitting method.

[0022] These and other features, aspects, and advantages of the present invention will
become better understood with reference to the following description and appended claims.
The accompanying drawings, which are incorporated in and constitute a part of this
specification, illustrate embodiments of the invention and, together with the description, serve
to explain the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] A full and enabling disclosure of the present invention, including the best mode thereof,
directed to one of ordinary skill in the art, is set forth in the specification, which makes
reference to the appended figures, in which:

Fig. 1 illustrates a perspective view of one embodiment of a wind turbine that may utilize a
retrofitted blade according to the present disclosure;

Fig. 2 conceptually depicts retrofitting of a wind turbine rotor blade with a replacement tip blade
segment in accordance with the present disclosure;

Fig. 3 is a view of an embodiment of a root-end blade segment with a beam structure fixed
therein;

Fig. 4 is a view of an embodiment of a replacement tip blade segment with a receiver section
fixed or formed therein;

Fig. 5 is a partial cut-away view of a retrofitted wind turbine blade in accordance with an
embodiment of the present disclosure;

Figs. 6a through 6h are sequential conceptual views of an embodiment of a retrofitting process
in accordance with aspects of the present disclosure;

Figs. 7a through 7c are sequential conceptual views of an embodiment for manufacture and
subsequent retrofit of a wind turbine blade in accordance with aspects of the present
disclosure; and
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Figs. 8a through 8c are sequential conceptual views of an alternative embodiment for
manufacture and subsequent retrofit of a wind turbine blade in accordance with aspects of the
present disclosure

DETAILED DESCRIPTION OF THE INVENTION

[0024] Reference now will be made in detail to embodiments of the invention, one or more
examples of which are illustrated in the drawings. Each example is provided by way of
explanation of the invention, not limitation of the invention. In fact, it will be apparent to those
skilled in the art that various modifications and variations can be made in the present invention
without departing from the scope of the invention. For instance, features illustrated or
described as part of one embodiment can be used with another embodiment to yield a still
further embodiment. Thus, it is intended that the present invention covers such modifications
and variations as come within the scope of the appended claims and their equivalents.

[0025] Generally, the present subject matter is directed to methods for retrofitting existing wind
turbine rotor blades (including operational blades in the field) with a replacement blade tip
segment.

[0026] Referring now to the drawings, Fig. 1 is a side view of an exemplary wind turbine 10
having a plurality of rotor blades 28 that may be retrofitted in accordance with aspects of the
present disclosure. The illustrated wind turbine 10 is a horizontal-axis wind turbine.
Alternatively, the wind turbine 10 may be a vertical-axis wind turbine. The wind turbine 10
includes a tower 12 that extends from a support surface 14, a nacelle 16 mounted on the tower
12, a generator 18 positioned within the nacelle 16, a gearbox 20 coupled to the generator 18,
and a rotor 22 that is rotationally coupled to the gearbox 20 with a rotor shaft 24. The rotor 22
includes a rotatable hub 26, with the rotor blades 28 coupled to and extending outward from
the rotatable hub 26. Each rotor blade 28 includes a blade tip 17 and a blade root 19, and
corresponding root-end blade segment 32 and a tip-end blade segment 29.

[0027] Fig. 2 is a conceptual plan view of a retrofitting process in accordance with aspects of
the present disclosure wherein the existing rotor blade 28 is made into a jointed rotor blade by
cutting out the existing blade tip segment 29 and fitting a replacement blade tip segment 30 to
the root-end blade segment 32 (indicated by arrow 38). Referring also to Fig. 5, in the resulting
retrofitted jointed blade 70, the root-end blade segment 32 and replacement blade tip segment
30 extend in opposite directions from a chord-wise joint 34. Each of the blade segments 30, 32
includes a pressure side shell member 31 and a suction side shell member 33. The blade
segments 30, 32 are connected by internal joint structure 36 extending into both blade
segments 30, 32 to facilitate joining of the blade segments 30, 32, as described in greater
detail below. The blade 70 includes a leading edge 74 and a trailing edge 76, as well as the
root portion 19 and tip portion 17. The blade 28 extends in a longitudinal, span-wise direction
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and, as is well known in the art, the upper and lower shell member 31, 33 are joined together
at the leading edge 74 and trailing edge 76. The blade 70 includes an internal cavity in which
various structural members, such as spar caps 46 and shear webs 44 are configured. The
construction and function of the internal structural components of the blade 70 are well known
to those skilled in the art and need not be described in detail herein for an understanding and
appreciation of the present invention.

[0028] Aspects of the present method include separately producing the replacement blade tip
segment 30 with an internal beam receiver section 54, as shown in Figs. 2, 4, and 5, intended
for receipt of a beam structure 40 fixed in the blade root segment 32. The internal joint
structure 36 associated with the receiving section includes spar structure components 42 that
extend span-wise for connecting with the beam structure 40 along a length of the receiving
section 54. The spar structure components 42 may include shear webs 56 and spar caps 58
configured in a box-beam having an open end adjacent the chord-wise joint 34. The receiving
section 54 may include a wall 57, as explained in greater detail below.

[0029] As seen particularly in Figs. 4 and 5, the receiving section 54 may be formed integral
with the spar structure 42 in the replacement blade tip segment, wherein the receiving section
54 is essentially delimited by the wall 57. In an alternate embodiment, the receiving section 54
may be a separately produced box-beam component that is fitted into and fixed to the existing
spar structure 42 in the replacement blade tip segment 30.

[0030] The receiving section 54 may include any combination of bolts or pins 53 and
associated slots 50 for interconnecting with corresponding pins or slots of the beam structure
40. For example, a slot 50 may be provided in the wall 57 of the receiving section 54 for receipt
of a pin 52 fixed on the end face of tip-end 43 of the beam structure 40. The beam structure 40
may also include opposite slots 50 proximate to the chord-wise joint 34 and oriented in a
chord-wise direction. There may be a bushing within each slot 50 arranged in a tight
interference fit with a chord-wise extending pin 53 that extends through the shear webs 56 in
the receiving section 54 and the beam structure 40 to fix the beam structure 40 in the receiving
section 54.

[0031] The replacement blade tip segment 30 can be pre-produced and transported to the
field site for the retrofitting process. It may be desirable to produce and maintain an inventory
60 (Fig. 6g) of the replacement blade tip segments 30, wherein for the retrofitting process, one
of the replacement blade tip segments 30 is selected from the inventory 60 and transported to
the field site.

[0032] Referring to Figs. 3 and 5, the beam structure 40 is also a separately formed
component of the joint structure 36, and is configured to be fitted and fixed into the existing
spar structure 42 within the blade root segment 32. In a particular embodiment, the beam
structure 40 includes a root end 41 and a tip end 43, and may be configured as a box-beam
structure having opposite spar caps and interconnecting shear webs. Other configurations are
also possible, including a solid member. The root end 41 may be tapered in the span-wise
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direction for easier insertion and fixing between the shear webs 44 in the blade root segment
32. An inventory of the beam structures 40 may be produced and stored for use on an
"asneeded" basis.

[0033] Referring to Fig. 3, the method may include modifying the existing spar structure 42 in
the blade root segment 32 to accept the root end 41 of the beam structure 40. These
modifications may include, for example, removal of a span-wise section 62 of the shear webs
44 adjacent to the joint line 34. The spar caps 46 may also be removed along this section 62.
The blade shell components 31, 33 may also be tapered towards the joint line 34 along the
section 62. This tapered section allows for a partial overlap with the shell components 31, 33 of
the replacement blade tip segment 30 and accommodates insertion of the beam structure 40
into the spar structure 42 in the blade root segment 32.

[0034] After these modifications, the tapered end 41 of the beam structure 40 is then fitted
between the remaining shear webs 44 such that the opposite tip end 43 of the beam structure
40 extends from the shear webs 44 span-wise beyond the chord-wise joint line 34. The beam
structure 40 thus becomes an extension of the spar structure 42 of the blade root segment 32.

[0035] Various methods may be used in order to fix the beam structure 40 to the spar structure
42 in the blade root segment 32. In a particular embodiment depicted in Fig. 3, the method
includes drilling a span-wise pattern of holes 64 through a blade shell component 33 to provide
internal access to the beam structure 40 and remaining spar structure 42. The pattern of holes
64 can be defined relatively broadly in the area 62 where portions of the spar structure 42
have been removed so that adhesive injected through these holes 64 will essentially fill the
internal area between the shells 31, 33. The pattern of holes 64 can narrow towards the spar
structure 42 until the holes 64 are located between the shear webs 44 so that adhesive
injected in these holes 64 essentially fills any space between the beam structure 40 and spar
structure 42 along the section 66. The adhesive is injected sequentially starting at the joint line
34 (which is blocked off for this process), wherein a first one or ones of the holes 64 are
injected until the adhesive flows from the adjacent hole or holes 64. Then, the injected hole 64
is plugged or sealed, and the adjacent hole 64 is injected until the adhesive flows from the next
downstream hole 64. This injection process progresses along the pattern of holes 64 to ensure
a complete injection with no or minimal internal voids between the beam structure 40 and
existing spar structure 42 and shell components 31, 33.

[0036] Figs. 6a through 6h sequentially depict an embodiment of the current method in the
field with the existing rotor blade 28 remaining attached to a rotor hub 26, wherein the
retrofitting process is performed with the blade 28 remaining in the uptower position on the hub
26. Alternatively, the existing wind turbine blade 28 can be removed and lowered from the hub
26 using any suitable process and the retrofitting process is performed with the wind turbine
blade 28 in a down-tower position relative to the rotor hub 26.

[0037] Fig. 6a depicts an existing rotor blade 28 on the rotor hub 26 at a six o'clock position,
the blade 28 including the root-end blade segment 32 and integral blade tip segment 29.
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[0038] Fig. 6b depicts a chord-wise cut made in the blade 28 at a location that defines a chord-
wise joint line 34. This cut is made completely through the blade 28, wherein the existing blade
tip segment 29 is removed, as depicted in Fig. 6¢. The remaining spar structure 42 is depicted
in the blade root segment 32.

[0039] Fig. 6d depicts modification of the blade root segment 32 adjacent to the joint line 34,
including removal of a section of the spar structure 42 along the section 62 and possible
tapering of the shell components 31, 33, as discussed above.

[0040] Fig. 6e depicts span-wise insertion of the separately formed beam structure 40 into the
modified spar structure 42, wherein the tapered root end 41 is inserted between the shear
webs 44 in the blade root segment 32.

[0041] Fig. 6f depicts the process of fixing the beam structure 40 to the spar structure 42 with
the adhesive injection process discussed above.

[0042] Fig. 6g depicts selection of one of the preformed replacement blade tip segments 30
from the inventory 60 and span-wise connection of the segment 30 with the blade root
segment 32. In particular, as the replacement blade tip segment 30 is moved in the span-wise
direction, the receiving section 54 within the segment 30 slides onto the portion of the beam
structure 40 extending beyond the joint line 34. To fix the beam structure 40 with the receiving
section 54, the end pin 52 on the root end 43 of the beam structure 40 extends through a slot
in the wall 37 of the receiving section 54, and chord-wise oriented slots 50 in the receiving
section 54 align with corresponding slots 50. The chord-wise pin 53 is then inserted through
the aligned slots 50, as particularly seen in Fig. 5.

[0043] Fig. 6h depicts the replacement blade tip segment 30 fixed to the blade root segment
32 and the blade shell components provided with a finish at the joint line 34, for example a
fiberglass, epoxy or other repair type finish that provides a relatively smooth and aerodynamic
surface at the join line 34 between the shell components of the replacement blade tip segment
30 and the root-end blade segment 32. The finish may include a seal band 68 wrapped around
the blade shell components 31, 33 at the joint line 34. Thus, the blade in Fig. 6h is a complete
retrofitted blade 70 as also depicted in Fig. 5.

[0044] As depicted generally in Figs. 7a-7¢ and 8a-8c, the present invention also
encompasses a method for manufacturing a wind turbine blade 28 that is pre-staged for
subsequent retrofitting with a replacement blade tip segment. A particular embodiment of this
method is depicted in Figs. 7a-7c. The wind turbine blade 28 is provided with a continuous
spar structure 42 from a root section 19 to a tip section 17 of the blade, as with any number of
conventional wind turbine blade designs. This spar structure 42 may include, for example,
opposite shear webs 44 and opposite spar caps 46 that define a box-beam spar structure 42.
At a pre-defined span-wise location, a span-wise extending beam structure 40 is incorporated
with the spar structure 42 during fabrication of the blade 28 by fixing a root-end 41 of the beam
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structure 40 with the spar structure 42 and leaving a tip-end 43 of the beam structure 40
essentially unattached to the spar structure 42. As discussed in detail above, the beam
structure 40 has a size for insertion into a receiver section 54 (Fig. 5) within a replacement
blade tip segment 30 at a later time. In the embodiment wherein the spar structure 42 includes
opposite shear webs 44, the root-end 41 of the beam structure 40 may be fixed between the
shear webs 44, for example with an adhesive.

[0045] Figs. 7b and 7c depict preparing the wind turbine blade 28 for subsequent retrofitting
with a replacement blade tip segment, as discussed above, by cutting at least the shell
components of the existing blade tip segment 29 from the wind turbine blade 28 at a chord-
wise joint line 34 such that the tip-end 43of the beam structure extends span-wise from a
remaining blade root segment32 beyond the chord-wise joint line 34. Spar structure 42 in the
blade root section 32 that extends along the tip-end 43 of the beam structure 40 may be
removed at the same time or after cutting away of the blade shell components so only the
beam structure 40 extends from the blade root segment 32, as depicted in Fig. 7c. Then, a
replacement blade tip segment 30 can be aligned and connected with the blade root segment
32 in the retrofitting process discussed above.

[0046] The embodiment of Figs. 8a-8c is drawn to providing the wind turbine blade 28 with a
pre-staged receiver section 54 having a root end 55 fixed to the spar structure 42. An opposite
end of the receiver section 54 extends at least to the location of the chord-wise joint line 34
and may be fixed to the webs 44 along the complete length of the receiver section 54. As
depicted in Figs. 8b and 8¢, when the blade tip segment 29 is cut away from the blade 28, the
spar structure, including the webs 44 are cut back to the joint line 34. If the receiver section 54
extends beyond the joint line 34 (as depicted in Fig. 8b), then this length of the receiver section
54 may also be trimmed to the joint line 34 such that an open end of the receiver section 54 is
exposed at the joint line (Fig. 8c) for receipt of a beam structure that would extend from the
replacement blade tip segment.
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KRAV

1. Fremgangsmdde til eftermontering af en vindmgllevinge (28) med et
erstatningsvingespidssegment (30), omfattende:

tilvejebringelse af et erstatningsvingespidssegment (30) med en intern
bjaelkemodtagersektion (54);

skeering af et eksisterende vingespidssegment (29) fra vindmgllevingen (28), hvor
skeaeringen definerer en kordevis samlingslinje (34) ved et resterende
vingerodsegment (32) af vindmgllevingen;

tilvejebringelse af en bjeelkestruktur (40), som er adskilt fra vingerodsegmentet
(32);

indsaettelse af bjaelkestrukturen i vingerodsegmentet og fiksering af
bjaelkestrukturen (40) ind i bjaelkeboksstrukturen (eng: spar structure) (42) af
vingerodsegmentet (32);

justering og kobling af erstatningsvingespidssegmentet (30) med
vingerodsegmentet (32) i en spaendvidde retning, sdledes at bjeelkestrukturen (40)
bevaeger sig ind i bjeelkemodtagersektionen (54); og

tilvejebringelse af en finishoverflade til vingeskalskomponenter (31, 33) af
vingerodsegmentet (32) og erstatningsspidssegmentet (30) ved samlingslinjen (34).

2. Fremgangsmade ifglge krav 1, hvor vindmgllevingen (28) er i drift pd en vindmglle (10) pd
et feltsted (15), omfattende udfgrelse af eftermonteringsprocessen med vindmgllevingen i
en optdrnsposition pa et rotornav (26) af vindmgllen, fjernelse og seenkning af
vindmgllevingen fra rotornavet og udfgrelse af eftermonteringsprocessen med

vindmgllevingen i en nedtdrnsposition i forhold til rotornavet.

3. Fremgangsmdde ifglge krav 1 eller 2, hvor den indvendige bjeelkemodtagersektion (54) er
dannet separat fra erstatningsvingespidssegmentet (30) og inkorporeret med
bjaelkeboksstrukturen (42) i erstatningsvingespidssegmentet.

4. Fremgangsmade ifglge krav 3, yderligere omfattende fremstilling og vedligeholdelse af en
beholdning (60) af erstatningsvingespidssegmenterne (30), hvori, for
eftermonteringsprocessen, et af erstatningsvingespidssegmenterne udvaelges fra
beholdningen og transporteres til feltstedet (15).
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Fremgangsmadde ifglge et hvilket som helst af kravene 1 til 4, yderligere omfattende at
modificere bjaelkeboksstrukturen (42) i vingerodsegmentet (32) for at tage imod
bjaelkestrukturen (40) ved at fjerne en sektion (62) af forskydningsbjaelker (44)
tilstadende til samlingslinjen (34), og flytning af en tilspidset ende (43) af
bjeelkestrukturen (40) mellem forskydningsbjaelkerne (44), sdledes at en modsat ende af
bjaelkestrukturen straekker sig spaendviddevist fra og bliver en forleengelse af
bjeelkeboksstrukturen (42).

Fremgangsmdde ifglge krav 5, hvor fastggrelsen af bjeelkestrukturen (40) i
bjaelkeboksstrukturen (42) af vingerodsegmentet (32) omfatter boring af et
spaendviddevist mgnster af huller (64) gennem en vingeskalkomponent (31, 33) af
vingerodsegmentet (32) for at give adgang til bjeelkestrukturen og bjeelkeboksstrukturen,
og sekventiel sprgijtning af et kleebemiddel ind i hullerne, hvor mgnsteret af huller tillader
indsprajtning af klaebemidlet mellem den tilspidsede ende af bjeelkestrukturen og
forskydningsbjeelkerne langs en del af bjeelkestrukturen og rundt om bjeelkestrukturen,
hvor sektionen (62) af forskydningsbjeelkerne (44) er fjernet stedende op til samlingslinjen
(34).

Fremgangsmadde ifglge krav 6, yderligere omfattende tilspidsning af en sektion af
skalkomponenter (31, 33) af vingerodsegmentet (32) mod samlingslinjen (34).

Fremgangsmadde ifglge et hvilket som helst af kravene 1 til 7, hvor tilvejebringelsen af en
finishoverflade til samlingslinjen (34) omfatter at vikle en taetning (68) omkring
vindmgllevingen (28) ved samlingslinjen (34).

Fremgangsmadde til fremstilling af en vindmgllevinge (28), der er forudindstillet til
efterfglgende eftermontering med et erstatningsvingespidssegment (30), omfattende:

tilvejebringelse af vindmgllevingen med en gennemgdende bjaelkeboksstruktur (42)
fra en rodende (19) til en spidsende (17) af vindmgllevingen; og

ved en foruddefineret spaandvidde placering, inkorporering af en af en separat
spaandviddevist forlgbende bjeelkestruktur (40) eller en separat spaendviddevist
forlgbende modtagersektion (54) med den gennemgdende bjaelkeboksstruktur (42).

10. Fremgangsmade ifglge krav 9, hvor bjeelkestrukturen (40) er inkorporeret med

bjaelkeboksstrukturen (42) ved at fiksere en rodende (41) af bjeelkestrukturen (40) med
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bjaelkeboksstrukturen og efterlade en spidsende (43) af bjaelkestrukturen fri for
bjaelkeboksstrukturen, hvor bjeelkestrukturen har en stgrrelse til indseettelse i en
modtagersektion (54) inden i erstatningsvingespidssegmentet (30).

Fremgangsmadde ifglge krav 9, hvor modtagersektionen (54) er inkorporeret med
bjaelkeboksstrukturen (42) ved at fiksere en rodende (55) af modtagersektionen med
bjeelkeboksstrukturen, sdledes at modtagersektionen straekker sig i det mindste til en
loakation af en kordevis samlingslinje (34), hvor erstatningsvingespidssegmentet (30) vil
blive eftermonteret.

Fremgangsmadde ifglge et hvilket som helst af kravene 9 til 11, yderligere omfattende
eftermontering af vindmgllevingen (28) pa et tidspunkt efter fremstillingen af

vindmgillevingen ved:

skeering af et eksisterende vingespidssegment (29) fra vindmgllevingen ved en
kordevis samlingslinje (34), sdledes at en spidsende (43) af bjeelkestrukturen (40)
straekker sig spaendviddevist fra et resterende vingerodssegment (32) ud over den
kordevise samlingslinje, eller en spidsende af modtagersektionen (54) er blotlagt i
det resterende vingerodsegment (32) ved den kordevise samlingslinje;

fjernelse af bjeelkeboksstrukturen (42) fra spidsenden af bjaelkestrukturen eller
modtagersektionen;

justering og kobling af erstatningsvingespidssegmentet med vingerodsegmentet i en
spaendviddevis retning sdledes, at bjeelkestrukturen beveeger sig ind i en passende
modtagersektion (54) af erstatningsvingespidssegmentet (30), eller
modtagersektionen modtager en passende bjeelkestruktur af
erstatningsvingespidssegmentet; og

tilvejebringelse af en finishoverflade til vingeskalskomponenter (31, 33) af
vingerodsegmentet og erstatningsvingespidssegmentet ved samlingslinjen.

Fremgangsmadde ifglge krav 12, hvor bjaelkeboksstrukturen (42) indbefatter modsatte
forskydningsbjeelker (44) og rodenden (41) af bjeelkestrukturen (40) eller rodenden (55)
af modtagersektionen (54) er mellem og fastgjort til forskydningsbjzaelkerne, og hvor
fjernelse af bjeelkeboksstrukturen omfatter bortskaering af forskydningsbjeelkerne langs
spidsenden (43) af bjaelkestrukturen eller spidsenden af modtagersektionen (54).

14. Fremgangsmade ifglge et hvilket som helst af kravene 1 til 13, hvor vindmgllevingen (28)

er i drift pd en vindmglle (10) pd et feltsted (15), omfattende at udfgre
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eftermonteringsprocessen med vindmgllevingen i en optdrnsposition pa et rotornav (26)
pd vindmgllen, eller fjernelse og saenkning af vindmgllevingen fra rotornavet og udfgrelse
af eftermonteringsprocessen med vindmgllevingen i en nedtdrnsposition i forhold til
rotornavet.

Fremgangsmadde ifglge krav 14, yderligere omfattende fremstilling og vedligeholdelse af en
beholdning (60) af erstatningsvingespidssegmenterne (30), hvori, for
eftermonteringsprocessen, et af erstatningsvingespidssegmenterne veelges fra
beholdningen og transporteres til feltstedet (15).
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