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DESCRIPTION

Technical Field

[0001] The invention relates generally to wind turbines, and more particularly to an improved
joint for connecting a wind turbine rotor blade to a rotor hub, and a method of forming a wind

turbine rotor blade having an improved joint for connecting the wind turbine blade to the rotor
hub.

Background

[0002] Wind turbines are used to produce electrical energy using a renewable resource and
without combusting a fossil fuel. Generally, a wind turbine converts kinetic energy from the
wind into electrical power. A horizontal-axis wind turbine includes a tower, a nacelle located at
the apex of the tower, and a rotor having a central hub and a plurality of blades coupled to the
hub and extending outwardly therefrom. The rotor is supported on a shaft extending from the
nacelle, which shaft is either directly or indirectly operatively coupled with a generator which is

housed Iinside the nacelle. Consequently, as wind forces the blades to rotate, electrical energy
IS produced by the generator.

[0003] In recent years, wind power has become a more attractive alternative energy source
and the number of wind turbine, wind farms, etc. has significantly increased, both on land and
offshore. Additionally, the size of wind turbines has also significantly increased, with modern
wind turbine blades extending between 50 to 80 meters In length, and Is expected to further
Increase In the future. The increased length in the wind turbine blades has introduced a
number of interesting design considerations for wind turbine designers and manufacturers. For
example, with increasing blade length, the joint between the wind turbine blade to the rotor hub
may experience increased stresses that present challenging design considerations in order to

ensure that the joint can withstand the loads expected during the operating life of the wind
turbine.

[0004] Conventional joints between wind turbine rotor blades and the rotor hub include
threaded stud bolts coupled to and extending from the root end of the wind turbine blade,
which are In turn coupled to a pitch bearing associated with the rotor hub. Wind turbine blades
are typically made from one or more composite materials formed from fibrous material and
resin. Such materials generally do not have the structural integrity to provide a secure fixing
mechanism Iinto which the threaded stud bolts may be directly inserted. A hole or bore, for
example, may be tapped into the composite material at the root end of the rotor blade to
provide a complementing thread upon which the stud bolt may achieve a connection. However,
the composite material has insufficient shear strength to transfer the loads between the blades
and hub via the stud bolts and deterioration of the composite material at the interface would
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OCCUT.

[0005] For this reason, it iIs generally known to utilize internally threaded metal inserts at the
Interface between the threaded stud bolts and the composite material at the root end of the
wind turbine blade. In this regard, bores are typically formed along the circumference of the
root end of the wind turbine blade. The metal inserts are then positioned within the bores and
adhesively bonded therein to essentially embed the metal inserts within the composite material
of the rotor blade. The stud bolts are then threadably engaged with the metal inserts. The
forces acting between the rotor blade and rotor hub act through the stud bolts, and thus are
transferred via the metal inserts, which operate to more uniformly distribute the forces over the
Interface area with the softer composite material. The force distribution characteristics provided
by the metal inserts in turn provide a connection joint with a structural integrity sufficient to
provide a secure connection between the rotor hub and rotor blade during use.

[0006] As illustrated In Figs. 1 and 1A, current metal inserts 10 for wind turbine blades 12
Include a generally cylindrical main body 14 and a tubular extension 16 projecting from one
end of the main body 14. The main body 14 includes a bore 18 including a threaded portion 20
for receiving and threadably coupling to a bolt such as a stud bolt 22. The main body 14
defines an interface 24 with the composite material 26 of the wind turbine blade 12 at the outer
surface 28 of the main body 14. The tubular extension 16 extends from the main body 14 and
defines an outer interface 30 with the composite material 26 of the blade 12 at the outer
surface 32 of the tubular extension 16 and an inner interface 34 with the composite material 26
of the blade 12 at the inner surface 36 of the tubular extension 16. As noted above, the inserts
10 are positioned within bores In the root end of the blade and bonded to the composite
material using a suitable adhesive, such as an epoxy. WO20140/6183 discloses a method of
manufacturing a blade element comprising at least half a blade root, the method comprising
anchoring inserts in said at least half a blade root. Accordingly, there Is proposed a method of
manufacturing a blade element comprising anchoring inserts in the at least half a blade root,
wherein a stiffener member for a pitch bearing, the stiffener member comprising holes, Is used
to determine the location of the inserts and i1s fixed to the blade element, wherein the method
comprises the steps of - using the stiffener member comprising holes as a template to drill
holes Into a polymer matrix at the root face of the blade element, - drilling transverse
secondary holes, - providing the drilled holes with inserts, an insert comprising a T-bolt and a
shank, and - the Inserts are fixed to the blade element using the T-bolts. According to
WO020140/6183, the shank is for example a waisted shank. US2011142657 discloses a wind
turbine including a plurality of turbine blades, with each of the blades having a root flange that
attaches to a flange of a rotor hub by a plurality of circumferentially spaced blade bolts. The
blade bolts have opposite cylindrical end sections engaged within the rotor hub flange and
blade root flange, respectively, and a non-cylindrical shank extending between the cylindrical
end sections. At least one flattened side Is defined Iin the shank along a longitudinal axis of the
bolt. KR101345716 discloses a multiple stud-bolt type connection between a wind turbine
blade and pitch bearing. According to an aspect of KR101345716, a stud-bolt may comprise
larger diameter, threaded end portions, a smaller diameter shank region and a sleeve
conformed to both the bolt hole internal diameter and to the smaller diameter shank portion of
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the stud-bolt.

[0007] While current connection joints are sufficient to achieve their intended purpose of
supporting the loads between the rotor blades and rotor hub, one drawback is that as the size
of wind turbine blades continues to increase, the size of the connection joint will generally
Increase. Thus, the size of the blade at the root end will increase (e.g., larger and larger
diameters) and the size of the hub and pitch bearing will increase, all of which results In
significant increases In material and manufacturing costs. Additionally, the number, length
and/or diameter of the metal inserts must generally correspondingly increase so as to
accommodate the shear stresses on the bonding adhesive that joins the metal inserts and
composite material. This again increases material and manufacturing costs. Accordingly, there
IS a need for an improved connection joint for attaching the root end of wind turbine blades to a
rotor hub that overcomes the drawbacks In scaling of current connection joints and
accommodates increased loading of the blades in an improved manner.

summary

[0008] To address these and other drawbacks, a connecting joint for attaching a wind turbine
rotor blade to a rotor hub comprises a bolt having a blade end configured to be coupled to the
rotor blade and a hub end configured to be coupled to the rotor hub. The bolt includes a neck
region adjacent the blade end, wherein the neck region has a cross dimension less than a
cross dimension of the blade end of the bolt. In an exemplary embodiment, the blade end of

the bolt is threaded and the neck region i1s immediately adjacent the threads on the blade end
of the bolt. The hub end of the bolt may also be threaded.

[0009] The neck region is generally elliptical having a first cross dimension that forms the
major axis of the elliptical cross section, and a second cross dimension that forms the minor
axis of the elliptical cross section, wherein the minor axis has a length less than a cross
dimension of the blade end of the bolt. In one embodiment, for example, the minor axis has a
length less than a diameter of the blade end of the bolt. The length of the minor axis may be
reduced between about 5% and about 40% relative to the diameter of the blade end of the
bolt. Additionally, the length of the major axis may be greater than a cross dimension of the
blade end of the bolt. Thus In one embodiment, the major axis has a length greater than a
diameter of the blade end of the bolt. In this embodiment, the cross sectional area of the neck
region may be substantially the same as the cross-sectional area of the blade end of the bolt.
Additionally, in this embodiment, the bolt may include an indicator adjacent the hub end that
corresponds to an orientation of the neck region. For example, the indicator may include a
groove corresponding to the direction of the major axis of the elliptical cross section. In one
embodiment (not claimed), the neck region is generally cylindrical and has a diameter less
than a diameter of the blade end of the bolt. For example, the diameter of the neck region may

be reduced between about 5% and about 40% relative to the diameter of the blade end of the
bolt.



DK/EP 3390810 T3

[0010] In one embodiment, the neck region has a first end adjacent the blade end of the bolt
and a second end adjacent the hub end of the bolt, wherein the cross dimension of the neck
region Is less than a cross dimension of the bolt adjacent the neck region and between the
second end and the hub end of the bolt. In an exemplary embodiment, for example, the neck
region may have a length between the first and second ends between about 0.5D and about
2D, where D Is the diameter of the blade end of the bolt. Additionally, the neck region may
Include a transition to provide for a smooth change in the cross dimension of the bolt.

[0011] In a further embodiment, the connecting joint further includes an insert configured to be
coupled to the wind turbine rotor blade, wherein the blade end of the bolt is configured to be
coupled to the insert. For example, the blade end of the bolt may be threadably engaged with
the insert. Preferably, the bolt iIs a stud bolt. A connecting joint according to the invention iIs
defined In appended claim 1. Further preferred, optional features thereof are defined In
appended subclaims 2-10.

[0012] In one embodiment, a wind turbine blade has a root end and a tip end and includes a
plurality of connecting joints including the bolts as described above and inserts embedded In
the root end of the rotor blade. In an exemplary embodiment, the inserts include a main body
having a first end and a second end, a central bore open to the first end and extending toward
the second end, and an outer surface that interfaces with the blade: a first tubular extension
extending away from the second end of the main body and having an inner surface and an
outer surface, wherein each of the inner and outer surfaces interface with the blade; and a
second tubular extension extending away from the main body and having an inner surface and
an outer surface, wherein each of the inner and outer surfaces interface with the blade.

[0013] When the bolt has an elliptical configuration, there may be a preferred orientation of the
bolt relative to a central axis of the rotor blade at the root end when the bolt is coupled to the
rotor blade, such as via the inserts. In this regard, when the bolts are engaged with the inserts,
the bolts are oriented such that the major axis of the elliptical cross section of the neck region
IS substantially perpendicular to radial lines emanating from the central axis of the rotor blade.
Thus when the blade bend under load, the stresses in the neck region of the bolts are reduced
as a result of the reduction In the cross dimension. A wind turbine blade according to the
iInvention Is defined In appended claim 11. Further preferred, optional features thereof are
defined Iin appended subclaims 12-13.

[0014] In another embodiment, a method of forming a connecting joint for attaching a wind
turbine rotor blade to a rotor hub includes providing a bolt having a blade end and a hub end,
and forming a neck region in the bolt adjacent the blade end, wherein the neck region has a
cross dimension less than a cross dimension of the blade end of the bolt.

[0015] In one embodiment, forming the neck region further includes machining the bolt to form
a generally cylindrical neck region having a diameter less than a diameter of the blade end of
the bolt. In another embodiment, forming the neck region includes pressing opposite sides of
the bolt to form a generally elliptical neck region having a major axis and a minor axis. The
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minor axis has a length less than a cross dimension of the blade end of the bolt. The cross-
sectional area may remain substantially constant during the formation of the elliptical neck
region. A method according to the Invention Is defined in appended claim 14. Further
preferred, optional features thereof are defined in appended subclaim 15.

Brief Description of the Drawings

[0016] The accompanying drawings, which are incorporated in and constitute a part of this
specification, illustrate one or more embodiments of the invention and, together with a general
description of the invention given above, and the detailed description given below, serve to
explain the invention.

Fig. 1 1s a top plan view of a metal insert for a wind turbine blade according to the prior art;
Fig. 1A Is a cross-sectional view of the metal insert shown In Fig. 1;

Fig. 2 1s a perspective view of a wind turbine in which embodiments of the invention may be
used:;

Fig. 3 Is a perspective view of a wind turbine rotor blade and rotor hub having a connection
joint;

Fig. 4 (not claimed) is an enlarged perspective view of a root end of a wind turbine blade;

Fig. 5 1s a disassembled cross-sectional view of a connection joint for a wind turbine rotor
blade and rotor hub;

Fig. © Is a cross-sectional view of an insert;

Fig. 7 Is an assembled cross-sectional view of a connection joint for a wind turbine rotor blade
and rotor hub;

Fig. 8 (not claimed) Is a partial perspective view of a stud bolt;

Fig. 8A (not claimed) 1s a perspective view of the stud bolt of Fig. 8 taken generally along the
ine BA-8A,

Fig. 9 I1s a partial perspective view of a stud bolt;
Fig. 9A 1s a perspective view of the stud bolt of Fig. 9 taken generally along the line 9A-9A;
Fig. 10 Is a partial end view of the root portion of the wind turbine blade; and

Fig. 11 Is a partial perspective view of a stud bolt.

Detailed Description
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[0017] With reference to Fig. 2, a wind turbine 40 includes a tower 42, a nacelle 44 disposed at
the apex of the tower 42, and a rotor 46 operatively coupled to a generator (not shown)
housed Inside the nacelle 44. |In addition to the generator, the nacelle 44 houses
miscellaneous components required for converting wind energy into electrical energy and
various components needed to operate, control, and optimize the performance of the wind
turbine 40. The tower 42 supports the load presented by the nacelle 44, the rotor 46, and other
components of the wind turbine 40 that are housed inside the nacelle 44 and also operates to
elevate the nacelle 44 and rotor 46 to a height above ground level or sea level, as may be the
case, at which faster moving air currents of lower turbulence are typically found.

[0018] The rotor 46 of the wind turbine 40, which Is represented as a horizontal-axis wind
turbine, serves as the prime mover for the electromechanical system. Wind exceeding a
minimum level will activate the rotor 46 and cause rotation In a plane substantially
perpendicular to the wind direction. The rotor 46 of wind turbine 40 includes a central hub 48
and at least one rotor blade 50 that projects outwardly from the central hub 48 at locations
circumferentially distributed thereabout. In the representative embodiment, the rotor 46
Includes three blades 50, but the number may vary. The blades 50 are configured to interact
with the passing air flow to produce lift that causes the central hub 48 to spin about a central
longitudinal axis.

[0019] The wind turbine 40 may be included among a collection of similar wind turbines
belonging to a wind farm or wind park that serves as a power generating plant connected by
transmission lines with a power grid, such as a three-phase alternating current (AC) power
grid. The power grid generally consists of a network of power stations, transmission circuits,
and substations coupled by a network of transmission lines that transmit the power to loads In
the form of end users and other customers of electrical utilities. Under normal circumstances,
the electrical power 1s supplied from the generator to the power grid as known to a person
having ordinary skill in the art.

[0020] As Is well known In the industry, for certain wind turbine designs, the rotor blades 50 are
coupled to the rotor hub 48 In a manner that allows the blades 50 to rotate or pitch about a
longitudinal axis of the blades 50. This is achieved by coupling the root end 52 of a blade 50 to
a pitch bearing (not shown) operatively coupled to the rotor hub 48. The pitch bearing
generally includes a ring rotatable relative to the hub 48 to which the root end of the blade 50
IS coupled. Pitch bearings are generally well known In the art and thus will not be described In
further detall herein.

[0021] As Illustrated In Figs. 3 and 4, a connection joint 54 between a rotor blade 50 of the
wind turbine 40 and the rotor hub 48 includes a plurality of inserts 56 coupled to the rotor blade
50 at the root end 52 thereof, and a plurality of bolts 58, which In this example are stud bolts
configured to be coupled to the inserts 56 In the rotor blade 50 and further configured to be
coupled to the rotor hub 48 (Fig. 3), such as through the pitch bearing. As Iillustrated in Fig. 4,
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the Inserts 56 may be circumferentially spaced about an end face 60 at the root end 52 of the
blade 50 and embedded within the material of the blade 50 such that a connecting end of the
Insert 56 slightly protrudes (e.g., about 5 mm) from the end face 60 of the blade 50. A method
for positioning the inserts 56 within the material of the blade 50 will be described more fully
below. The number of inserts 56 along the circumference of the root end 52 of the blade 50
depends on the size of the blade, among potential other factors, but may be anywhere from 80
to 180 Inserts for blades between 50m-80 m In length. It should be realized that more or less
Inserts may be used depending on the specific application. The stud bolts 58 are generally
cylindrical elongate members having a threaded blade end 62 and a threaded hub end 64. As
llustrated in Fig. 3, during assembly of the wind turbine 40, the stud bolts 58 are threadably
engaged with the inserts 56 at the root end 52 of the wind turbine blade 50 such that the
threaded hub end 64 of the stud bolts 58 extends away from the root end 52 of the blade 50.
The stud bolts 58 are then aligned with corresponding holes in the pitch bearing on the hub 48,
Inserted therethrough, and secured to the pitch bearing via a threaded fastener or the like.
Through the connection joint 54, a wind turbine blade 50 may be securely coupled to the rotor
hub 48 of the wind turbine 40 and generally accommodates the loads applied to the blades 50
during the operational life of the wind turbine 40.

[0022] A connection joint 54 for improving the connection between the rotor hub 48 and rotor
blade 50 is illustrated In Figs. 5-7. In this embodiment, the insert 56 Iincludes a generally
cylindrical main body 70 and at least two tubular extensions 72, 74 projecting from an end of
the main body 70 (two shown) and configured to engage with the material (e.g., a composite
material) of the wind turbine blade 50 along inner and outer surfaces of each of the tubular
extensions 72, 74 (Fig. 7). In an advantageous aspect, the multiple tubular extensions from the
main body /70 increase the overall surface area of contact between the Insert 56 and the
material that forms the blade 50. Additionally, the multiple tubular extensions increase the
contact perimeter at the free end of the inserts. As a result of the increase In the free end
contact perimeter, the loading capacity of the connection joint 54 is correspondingly increased.
Thus, given a fixed width (e.g., diameter) and length of an insert, the insert 56 will provide an
Increased loading capacity as compared to conventional inserts, such as those described
above. Consequently, the Inserts 56 may accommodate larger blades 50 without a
corresponding increase In the width or length of the inserts.

[0023] The main body 70 of the Iinsert 56 Iincludes a connecting end 76 and a central bore 78
extending inwardly from the connecting end 76 and configured to receive a stud bolt 58
therein, as illustrated in Fig. 7. The central bore 78 includes a first inlet portion 80 adjacent the
connecting end 76, a second threaded portion 82 adjacent the inlet portion 80, and a third
expansion portion 84 adjacent the threaded portion 82. The Inlet portion 80 Is generally circular
IN cross section, has smooth side walls, and iIs sized so as to receive the stud bolt 58 therein.
In an exemplary embodiment, the length of the inlet portion 80 along the central bore 78 may
be between about 0.25D and about 2D, where D is the major diameter of the threaded blade
end 62 of the stud bolt 58 configured to be received In the central bore /8. It should be
recognized that other lengths are also possible and remain within the scope of the present
iInvention.
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[0024] The threaded portion 82 Includes internal threads configured to mesh with the threads
on the blade end 62 of the stud bolt 58. By way of example and without limitation, the threaded
portion 82 may be configured to receive a M20-M50 threaded stud bolt 58 (and preferably
about an M30 threaded bolt) and have a length along the central bore 78 between about 0.5D
and about 3D. Other lengths may also be possible and the invention is not limited to the range
above.

[0025] Lastly, the expansion portion 84 has a cross dimension greater than that of the
threaded portion 82, wherein the Iincrease In the size of the cavity immediately adjacent the
threads Is configured to reduce the stress concentrations at the first thread and more evenly
distribute the forces over several threads. In an exemplary embodiment, the expansion portion
84 may be generally cylindrical with a diameter greater than the diameter of the threaded
portion 82. For example, the diameter of the expansion portion 84 may be between about 5%
and about 50% greater than the diameter of the threaded portion 82. Moreover, the length of
the expansion portion 84 along the central bore 78 may be between 0.1D and 1 D In various
embodiments. It should be recognized that the diameter and length may have other values and
remain within the scope of the present invention.

[0026] In an exemplary embodiment, the main body 70 of the Insert 56 may be generally
cylindrical, wherein the outer surface 86 of the main body 70 is generally parallel to a central
axis 88 of the Iinsert 56. Moreover, the main body 70 may be sized such that the outer surface
86 Is between about 1.5D and about 3D. The size of the main body 70 may be smaller or
larger than that provided above. Additionally, the length of the main body 70 may be between
about 0.4D and about 6D. The length may also have other values outside of this range. In an
exemplary embodiment, the main body 70 may be formed from a metal, such as steel.
However, It should be recognized that in alternative embodiments, other types of metals, or
even other suitably strong non-metal materials, may be used to form the main body 70 of the
Insert 56.

[0027] In an exemplary embodiment, the first tubular extension 72 has a first end 90 coupled
to a tip end 92 of the main body 70 and extends away from the main body 70 to a free end 94.
In one embodiment, the first tubular extension 72 may be generally cylindrical, wherein an
outer surface 96 and an inner surface 98 of the extension 72 extends straight away from the
main body 70 so as to be generally parallel to the central axis 88 of the insert 56. Accordingly,
the wall thickness of the first tubular extension 72 may remain substantially constant along the
length of the first tubular extension 72 from the first end 90 to the free end 94. Moreover, the
first tubular extension 72 may be sized so that the outer surface 96 of the first tubular
extension 72 at the first end 90 aligns or smoothly mates with the outer surface 86 of the main
body /0 at the tip end 92. Additionally, the length of the first tubular extension 72 may be
between about 2D and about 10D. However, other lengths are also possible. In an exemplary
embodiment, the first tubular extension may be formed from a metal, such as steel. However, it
should be recognized that in alternative embodiments, other types of metals, or even other
suitably strong non-metal materials may be used to form the first tubular extension 72 of the
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Insert 56.

[0028] In an alternative embodiment, and as illustrated in Figs 5-7, the first tubular extension
/2 may be generally conical, wherein the outer surface 96 and/or the inner surface 98 forms
an acute angle relative to the central axis 88 of the insert 56. In this regard, the outer surface
96 of the first tubular extension 72 may taper inward toward the central axis 88 In a range
between about 1 degree and about 20 degrees. Similarly, the inner surface 98 of the first
tubular extension 72 may taper outwardly away from the central axis 88 In a range between
about 1 degree and about 20 degrees. Accordingly, the wall thickness of the first tubular
extension 72 may decrease In a direction from the first end 90 toward the free end 94. By way
of example, the wall thickness may decrease between about 10% and about 80% from the first
end 90 to the free end 94. A reduction outside the range noted above Is also possible. For
example, the free end 94 may be relatively sharp having substantially no thickness at the end.
In one embodiment, the taper angle of the outer and/or inner surface 96, 98 may be generally
constant along the length of the first tubular extension 72 from the first end 90 to the free end

94. Alternatively, the taper angle may vary along the length of the first tubular extension 72
from the first end 90 to the free end 94.

[0029] As discussed above, In an advantageous aspect, the insert 56 Includes a second
tubular extension 74 configured to increase the area of contact between the insert and the
material at the root end 52 of the blade 50. In an exemplary embodiment, the second tubular
extension 74 may be coaxially arranged relative to the first tubular extension 72. More
particularly and as illustrated in Fig. 6, the second tubular extension 74 may be positioned
within the first tubular extension 72 such that the first tubular extension 72 1s arranged as an
outer tubular member and the second tubular extension 74 Is arranged as an inner tubular
member.

[0030] Similar to the first tubular extension 72, the second tubular extension 74 has a first end
106 coupled to the tip end 92 of the main body 70 and extends away from the main body 70 to
a free end 108. In one embodiment, the second tubular extension 74 may be generally
cylindrical, wherein an outer surface 110 and an inner surface 112 of the extension 74 extends
straight away from the main body 70 so as to be generally parallel to the central axis 88 of the
Insert 56. Accordingly, the wall thickness of the second tubular extension 74 may remain
substantially constant along the length of the second tubular extension 74 from the first end
106 to the free end 108. Moreover, the second tubular extension 74 may be sized so as to fit
within the first tubular extension 72 and define a space or gap 114 between the outer surface
110 of the second tubular extension 74 and the inner surface 98 of the first tubular extension
72 (Fi1g. 6). By way of example, the outer diameter of the second tubular extension 74 at the
first end 106 may be between about 20% and about 70% of the outer diameter of the first
tubular extension 72 at the first end 90. Other values are also possible. Additionally, the gap
114 may terminate in an arcuate region adjacent the main body 70. Furthermore, the length of
the second tubular extension 74 may be such as to be coterminous with the free end 94 of the
first tubular extension 72. In an alternative embodiment, however, the free end 108 of the
second tubular extension 74 may be inward or outward of the free end 90 of the first tubular
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extension 72. In an exemplary embodiment, the second tubular extension 74 may be formed
from a metal, such as steel. However, it should be recognized that in alternative embodiments,
other types of metals, or even other suitably strong non-metal materials, may be used to form
the second tubular extension 74 of the insert 56.

[0031] In an alternative embodiment, and as Illustrated in Figs 5-7, the second tubular
extension 74 may be generally conical, wherein the outer surface 110 and/or the inner surface
112 forms an acute angle relative to the central axis 88 of the insert 56. In this regard, the
outer surface 110 of the second tubular extension 74 may taper inward toward the central axis
88 In a range between about 1 degree and about 20 degrees. Similarly, the inner surface 112
of the second tubular extension 74 may taper outwardly away from the central axis 88 In a
range between about 1 degree and about 20 degrees. Accordingly, the wall thickness of the
second tubular extension 74 may decrease In a direction from the first end 106 toward the free
end 108. By way of example, the wall thickness may decrease between about 10% and about
80% from the first end 106 to the free end 108. A reduction outside the range noted above Is
also possible. For example, the free end 94 may be relatively sharp having substantially no
thickness at the end. In one embodiment, the taper angle of the outer and/or inner surface
110, 112 may be generally constant along the length of the second tubular extension 74 from
the first end 106 to the free end 108. Alternatively, the taper angle may vary along the length of
the second tubular extension 74 from the first end 106 to the free end 108.

[0032] In an exemplary embodiment, the first and second tubular extensions 72, 74 may have
a similar configuration, such as having similar geometrical configurations, lengths, taper
angles, wall thickness, etc. The invention, however, Is not limited to such an arrangement, and
In alternative embodiments the configuration of the first and second tubular extensions 72, 74
may be different from each other, including different geometric configurations, lengths, taper
angles, wall thickness, etc.

[0033] In one embodiment, the Iinsert 56 may be formed as a unitary member wherein the
main body 70, first tubular extension 72, and the second tubular extension 74 may be integrally
formed together as a monolithic member. In an alternative embodiment, however, the insert 56
may have a two-part design or construction wherein the two parts are separately formed and
then subsequently coupled together to form the insert 56. In this regard and as illustrated In
Fig. 5, the Iinsert 56 may include a first insert element 120 and a second insert element 122
which are separately formed and subsequently coupled to form the insert 56. In an exemplary
embodiment, each of the insert elements 120, 122 carries one of the tubular extensions 72, 74
of the Insert 56. For example, the first insert element 120 may carry the first tubular extension
/2 and the second insert element 122 may carry the second tubular element 74. VWhen the first
and second Insert elements 120, 122 are coupled together, such as in a manner discussed
below, the elements collectively form the main body 70 and the first and second tubular
extensions 72, /4. The two-part design provides a more cost effective approach for
manufacturing the inserts 56 and is more feasible from a manufacturing standpoint.

[0034] As shown In Fig. 5, the first insert element 120 includes a base 124 and the first tubular
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extension 72 extending from a tip end of the base 124. In an exemplary embodiment, the base
124 and first tubular extension 72 may be integrally formed as a unitary body. In an alternative
embodiment, however, the base 124 and the first tubular extension 72 may be separate pieces
which are subsequently coupled together. The base 124 includes the central bore 78 as
described above. In addition, the base 124 includes a cavity 126 which 1s open to the hollow of
the first tubular extension 72, and thus accessible from the free end 94 of the first tubular
extension 72. The cavity 126 may also be open to the central bore 78. In one embodiment, the
cavity 126 may be a longitudinal extension of the expansion portion 84 of the central bore /8.
As described below, the cavity 126 1s configured to receive an aspect of the second insert
element 122 in order to couple the two elements 120, 122 together to form the insert 56.

[0035] The second insert element 122 includes a generally cylindrical base 128 and the
second tubular extension 74 extending from a tip end of the base 128. In an exemplary
embodiment, the base 128 and the second tubular extension 74 may be integrally formed as a
unitary body. In an alternative embodiment, however, the base 128 and the second tubular
extension 74 may be separate pieces which are subsequently coupled together. For purposes
that will be discussed In more detail below, the base 128 Includes a channel 130 extending

from a first end 132 of the base 128 and open to the hollow of the second tubular extension
/4.

[0036] To form the insert 56 from the two Iinsert elements 120, 122, the second insert element
122 may be Iinserted through the free end 94 of the first tubular extension 72 of the first insert
element 120 and through the hollow of the first tubular extension 72 until the base 128 of the
second Insert element 120 1s seated within the cavity 126 In the base 124 of the first insert
element 120, as shown In Fig. 6. In one embodiment, the coupling between the two Insert
elements 120, 122 may be achieved by a press fit between base 128 of the second insert
element 122 and the cavity 126 of the first insert element 120. In this regard, an outer surface
of the base 128 may be slightly tapered to facilitate such a press fit. It should be recognized,
however, that the coupling between the Insert elements 120, 122 may be achieved by
alternative or additional processes, including bonding, shrink connections, ultrasonic welding,
etc. A threaded connection may also be used to couple Iinsert members 120, 122. The
threaded connection, however, should be sufficiently tight such that there i1s substantially no
play between the two inserts. VWhen the first and second insert elements 120, 122 are coupled,
the Insert 56 as described above may be formed. In this regard, the bases 124, 128 collectively
define the main body 70 of the Iinsert 56 with the first and second tubular extensions 72, 74
extending from the tip end 92 thereof. As further illustrated in Fig. 6, the base 128 of the
second Insert element 122 essentially closes off the central bore 78 In the first insert element
120. However, the channel 130 Iin the base 128 may be open to the central bore 78 when the
Insert elements 120, 122 are coupled together.

[0037] As discussed above, a plurality of inserts 56 are circumferentially spaced about the end
face 60 at the root end 52 of the rotor blade 50 and embedded In the material 138, such as a
composite material, that forms the root end 52 of the blade 50. Thus, , after the wind turbine
blade 50, or at least the root end 52 thereof, i1s formed, a plurality of circumferentially spaced
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bores 140 may be formed in the end face 60 of the root end 52 of the blade 50. The bores 140
are generally configured to correspond in size and shape to the size and shape of the inserts
56 so that the inserts 56 may be received therein. In this regard, each bore 140 includes a first
generally cylindrical cavity portion 142 that extends inwardly from the end face 60 and
terminates at a second end 144. The width (e.g., cross dimension, diameter, etc.) of the bore
140 1s just slightly larger than the inserts 56 configured to be received within the bores 140.
Moreover, the length of the first cavity portion 142 is configured to generally correspond to the

length of the main body 70 of the Iinsert 56.

[0038] The bore 140 further includes a first annular cavity 146 having a first end 148 at the
second end 144 of the first cavity portion 142 and extending Iinwardly therefrom and
terminating at a second end 150. In this way, the first annular cavity 146 i1s open to the first
cavity portion 142. The configuration of the first annular cavity 146 generally corresponds to
the configuration of the first tubular extension 72. Thus, in an exemplary embodiment, the first
annular cavity 146 may have a generally cylindrical configuration or a generally conical
configuration to match that of the first tubular extension 72. Furthermore, the length of the first
annular cavity 146 generally corresponds to the length of the first tubular extension 72. As can
be appreciated, the first annular cavity 146 should be slightly larger than the first tubular
extension 72 (e.g., about 0.5 mm spacing) and slightly longer than the first tubular extension
(e.g., about 5 mm longer) so as to accommodate the first tubular extension and surrounding
adhesive.

[0039] In a similar manner, the bore 140 further includes a second annular cavity 152 having a
first end 154 at the second end 144 of the first cavity portion 142 and extending inwardly
therefrom and terminating at a second end 156. In this way, the second annular cavity 152 Is
open to the first cavity portion 142. The configuration of the second annular cavity 152
generally corresponds to the configuration of the second tubular extension 74. Thus, In an
exemplary embodiment the second annular cavity 146 may have a generally cylindrical
configuration or a generally conical configuration to match that of the second tubular extension
/4. Furthermore, the length of the second annular cavity 152 generally corresponds to the
length of the second tubular extension 74. As can be appreciated, the second annular cavity
152 should be slightly larger than the second tubular extension 74 (e.g., about 0.5 mm
spacing) and slightly longer than the second tubular extension (e.g., about 5 mm longer) so as
to accommodate the second tubular extension and surrounding adhesive. In an exemplary
embodiment, the second annular cavity 152 is coaxially arranged relative to the first annular
cavity 146. More particularly, and as illustrated in Fig. 5, the second annular cavity 152 may be
positioned Iinwardly of the first annular cavity 146 such that the first annular cavity 146 is
arranged as an outer annular cavity and the second annular cavity 152 1s arranged as an inner
annular cavity.

[0040] In one embodiment, the bores 140 may be formed by first drilling the first cavity portion
142 with a suitable drill element or bit. Subsequently, the two annular cavities 146, 152 may be
formed using appropriately sized hollow drill elements, such as a diamond tipped drill element.
The annular cavities 146, 152 may be formed In a serial manner or may be formed
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simultaneously. In an alternative embodiment, however, a single drill element may be used to
form the entire bore 140. Those of ordinary skill in the art may recognize alternative or
additional methods for forming the bores 140 In the root end 52 of the blades 50 and the
iInvention 1s not limited to that described herein. Additionally, there may be alternative
processes to embed the inserts 56 within the root end 52 of the blade 50. By way of example,
the Inserts 56 may be part of a moulding process used to form the blade. Thus, the invention
should not be limited to the formation of bores in the root end of the blade for embedding the
Inserts within the blade.

[0041] As illustrated In Fig. 7, with the bores 140 formed in the end face 60 at the root end 52
of the rotor blade 50, the inserts 56 may be positioned therein. In this regard, the inserts 56
may be positioned such that the main body 70 of the insert 56 i1s generally positioned In the
first cavity portion 142, the first tubular extension 72 is generally positioned in the first annular
cavity 146, and the second tubular extension 74 is generally positioned in the second annular
cavity 152. In an exemplary embodiment, to couple the inserts 56 to the root end 52 of the
wind turbine blade 50, the inserts 56 may be adhesively bonded within the bores 140, such as
with a suitable epoxy. This may be achieved, for example, by locating adhesive deposits or
packets (not shown) within the gap 114 between the first and second tubular extensions 72,
/4. Such an adhesive may be epoxy adhesive. In this way, as the insert 56 1s pushed into the
bore 140, the annular extension of blade material 158 contacts the adhesive deposit and
forces the adhesive to flow along the interface between the insert 56 and the bore 140. The
adhesive then cures to secure the inserts 56 within the bores 140 of the wind turbine blade 50.

[0042] If necessary, additional processes may be implemented to ensure a sufficient bond
between the inserts 56 and the bores 140. For example, inlet ports (not shown) may be formed
through the outer and/or inner side wall at the root end 52 of the blade 50 such that the inlet
ports are in communication with the first cavity portion 142 and/or the first annular cavity 146 of
the bores 140. Adhesive may then be pumped through the inlet ports so as to fill the interstitial
space between the inserts 56 and the bores 140. The channel 130 may be used to allow air
and excess adhesive to escape during the bonding process. Alternatively, a vacuum may be
pulled at the channel 130 to facilitate adhesive flow along the interface between the inserts 56
and the bores 140. Those of ordinary skill in the art may recognize other processes to ensure
that the inserts 56 are sufficiently bonded to the bores 140 in the root end 52 of the rotor blade
50 and the invention is not Iimited to that described herein.

[0043] As Illustrated In Fig. 7, when an insert 56 1s embedded In the root end 52 of the rotor
blade 50, the main body 70 of the insert 56 defines a bonding interface 164 with the maternial
138 of the blade 50 at the outer surface 86 of the main body 70. Moreover, the first tubular
extension 72 which extends from the main body 70 defines an outer bonding interface 166 with
the material 138 of the blade 50 at the outer surface 96 of the first tubular extension 72, and
an inner bonding interface 168 with the material 138 of the blade 50 at the inner surface 98 of
the first tubular extension 72. In an advantageous aspect, the second tubular extension 74
which extends from the main body 70 defines an outer bonding interface 170 with the material
138 of the blade 50 at the outer surface 110 of the second tubular extension 74, and an inner
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bonding Interface 172 with the material 138 of the blade 50 at the inner surface 112 of the
second tubular extension 74. The bonding interfaces 170, 172 provided by the second tubular
extension 74 provide a significant increase in contact surface area between the insert 56 and
blade material 138. Additionally, the inclusion of the second tubular extension 74 increases the
contact perimeter at the free of the insert 56. This Increase In contact perimeter in turn
Increases the load capacity of the connection joint 54 between the rotor blade 50 and rotor hub
48.

[0044] As discussed above, to facilitate the coupling of the rotor blade 50 to the rotor hub 48,
stud bolts 58 may be Inserted into the central bore 78 of the inserts 56 and rotated so as to
engage the threads at the blade end 62 of the stud bolts 58 with the threads Iin the threaded
portion 82 of the central bore 78 In the inserts 56. The stud bolts 58 may be inserted into the
central bore 78 until the threaded end of the stud bolts 58 are even with or extend beyond the
first or most interior thread of the threaded portion 82 (Fig. 7). For example, In one
embodiment the threaded end of the stud bolts 58 may extend past the first thread and may be
just slightly spaced from the base 128 of the second insert element 122 that closes off the
central bore 78. Having the end of the stud bolts 58 extend beyond the first thread of the
threaded portion 82 provides for a more uniform distribution of forces across the threads and
reduces the likelihood of high stress concentrations during use.

[0045] In accordance with another aspect, the stud bolts 58 may Include a stress reducing
element, generally shown at 180, adjacent the threaded blade end 62 of the stud bolt 58. For
example, iIn one embodiment the stress reducing element may be immediately adjacent the
threaded blade end 62. In an alternative embodiment, however, the stress reducing element
180 may be slightly spaced from the threads of the blade end 62. During operation of the wind
turbine, the blades are subjected to aerodynamic and gravitational loads which results In
flapwise and edgewise bending moments - and these bending moments are retained by axial
forces In the stud bolts 58. When the wind turbine blades are attached to the rotor hub, the
blade structure and the hub structure are not symmetrical about the bolt pattern and so some
radial deformations occur in the stud bolts which force the stud bolts into bending about their
centrelines. Therefore, the stud bolts 58 experience both axial stresses and bending stresses.
To reduce the bending stresses In the stud bolts, the stud bolts have a reduced cross
dimension which makes the stud bolts more flexible in the direction of the radial deformation.
The radial deformations in the stud bolts are generally not limited by the bending stiffness of
the stud bolts 58 and so a thinner section of the stud bolt will result in the stud bolt
experiencing less bending stress for the same radial deformation - because the outer surfaces
of the bolts typically experience the largest stresses. Therefore, to reduce the bending stresses
In the stud bolts 58 for the same radial deformation, a localized region having a reduction In
the relevant cross dimension of the stud bolts I1s provided. This reduction In cross dimension,
however, Is such as not to jeopardize the structural integrity of the connecting joint 54.

[0046] For example, iIn one embodiment the stress reducing element 180 may be formed as
neck region wherein a cross dimension of the neck region is less than the cross dimension of
the threaded blade end 62. In an exemplary embodiment, the neck region includes a first end
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adjacent the blade end 62 and a second end more adjacent the hub end 64 such that the neck
region 182 has a length less than, and preferably significantly less than, the length of the stud
bolt 58. The neck region may be located more toward the blade end 62 than the hub end 64 of
the stud bolt 58. The cross dimension of the neck region may also be less than a cross

dimension of the stud bolt 58 adjacent the neck region and between the second end and the
hub end 64 of the stud bolt 58 (e.g., on the opposite side from the blade end 62).

[0047] In one embodiment (not claimed) as illustrated in Figs. 8 and 8A, the neck region 182
may be generally cylindrical with a generally circular cross section, wherein the diameter of the
neck region 182 Is less than the diameter of the threaded blade end 62. The diameter of the
neck region 182 may also be less than the diameter of the stud bolt 58 adjacent the neck
region 182 and between the second end and the hub end 64 of the stud bolt 58. By way of
example, the neck region 182 may be formed through a machining process (e.g., milling
operation) that removes material from a formed stud bolt. In an exemplary embodiment, the
diameter of the neck region 182 may be reduced between about 5% and about 40% compared
to the diameter of the blade end 62 of the stud bolt 58. Other values may also be possible
outside of this range. Moreover, the length of the neck region 182 may be between about 0.5D
and about 2D. However, other lengths are also possible. In addition, the neck region 182 may
Include one or more transitions 184, such as tapers, chamfers or the like, at one or both ends
of the neck region 182 to provide a smooth reduction/expansion in the cross dimension of the
stud bolt 58, thereby avoiding stress concentrations generally associated with relatively sharp
corners and steps.

[0048] As lllustrated In Figs. 9 and 9A, the stud bolts 58 include a neck region 186 having a
generally elliptical cross section. The neck region 186 Is characterized by a first cross
dimension as the major axis 188 of the elliptical cross section and a second cross dimension
as the minor axis 190 of the elliptical cross section. The sides of the neck region 186 that
generally extend in the direction of the major axis 188 may define a generally flat or planar
portion 192. In an exemplary embodiment, the minor axis 190 has a length less than the
diameter of the threaded blade end 62. The length of the minor axis 190 may also be less than
the diameter of the stud bolt 58 adjacent the neck region 186 and between the second end
and the hub end 64 of the stud bolt 58. By way of example, the minor axis 190 of the neck
region 186 may be reduced between about 5% and about 40% compared to the diameter of
the blade end 62 of the stud bolt 58. However, other values are possible.

[0049] In the exemplary embodiment, the major axis 188 may have a length greater than the
diameter of the threaded blade end 62, and possibly greater than the diameter of the stud bolt
58 adjacent the neck region 186 and between the second end of the neck region and the hub
end 64 of the stud bolt 58. By way of example, such a neck region 186 may be formed during
the formation of the stud bolt 56. In this regard, opposite sides of the stud bolt 56 may be
pressed, using a suitable press or the like, inwardly toward each other, thereby defining the
minor axis 190 and the flat regions 192. This pressing then causes a bulging or expansion of
material In the transverse direction (e.g., such that the cross-sectional area remains
substantially constant), thereby defining the major axis 188 and resulting in an elliptical cross-
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sectional neck region 186. Similar to the above, the length of the neck region 186 may be
between about 0.5D and about 2D. However, other lengths are also possible. In addition, the
neck region 188 may include one or more transitions, such as tapers, chamfers or the like, at
one or both ends of the neck region to provide a smooth reduction/expansion In the cross
dimension of the stud bolt 58, thereby avoiding stress concentrations generally associated with
relatively sharp corners and steps.

[0050] There 1s a preferred orientation of the neck region 186 relative to the central axis of the
blade 50 at the root end 52 of the blade 50. In this regard and as illustrated in Fig. 10, the stud
bolts 58 may be oriented such that the major axis 188, or the flat portions 192, of the neck
region 186 are generally perpendicular to radial lines 194 extending outwardly from the central
axis of the blade 50 at the root end 52 and generally intersecting a centre of the elliptical cross
section. In this way, the minimum cross dimension of the stud bolt is generally parallel to the
radial lines 194. With a reduction in the minor axis 190 compared to the diameter of the blade
end 62 of the stud bolt 58, the stresses at the surface of the stud bolts 58 in the neck region
186 (i.e., the location of maximum stress) may be reduced when the stud bolts are subjected
to generally radial bending loads.

[0051] In order to place the stud bolts 58, and more particularly the neck region 186, In the
proper orientation during coupling of the blade 50 to the hub 48, the stud bolts 58 may include
an indicator 196 adjacent the hub end 64 of the stud bolts 58. In this regard, technicians inside
the hub 48 cannot see the neck region 186 of the stud bolts 58 during installation of the blade
50 since the neck region 186 Is exterior to the hub 48. By using the indicator 196, however, the
technician can ensure the proper orientation of the neck region 186 without a visual
confirmation of the neck region itself. In one embodiment, for example, and as lillustrated In
Fig. 11, the Indicator 196 may be a groove, notch or line formed In the end face of the
threaded hub end 64 having an orientation matching that of the major axis 188 of the neck
region 186. Other symbols may also be used to identify the orientation of the neck region 186,
such as by corresponding to the major and/or minor axis 188, 190 or other geometric aspect of
the neck region 186. By viewing the indicator, the technician may adjust the stud bolts 58 such
that the neck region 186 has the orientation illustrated in Fig. 10.

[0052] While the present invention has been illustrated by a description of various preferred
embodiments and while these embodiments have been described in some detall, it iIs not the
Intention of the Applicant to restrict or in any way Iimit the scope of the appended claims to
such detail. Additional advantages and modifications will readily appear to those skilled in the
art. For example, while the invention has been described in terms of a stud bolt, the invention
may be beneficial in applications using other types of bolts or elongated connectors, such as
head bolts, etc. Thus, the various features of the invention may be used alone or In any
combination depending on the needs and preferences of the user.
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Patentkrav

1. Forbindelsesled (54) til at fastggre en vindmgllerotorvinge (50) til et rotornav
(48) omfattende en bolt (58) med en gevindformet vingeende (62) konfigureret til
at blive koblet til rotorvingen (58) og en navende (64) konfigureret til at blive
koblet til rotornavet (48), hvilken bolt (58) inkluderer et halsomrade (182, 186)
tilstgdende vingeenden (62), hvor halsomradet (182, 186) har en tvaerdimension
mindre end en tvaerdimension af vingeenden (62) af bolten (58), kendetegnet
ved, at halsomradet (182, 186) er generelt ellipseformet med en fgrste
tvaerdimension der danner storaksen (188) af det ellipseformede tvaersnit, og en
anden tveaerdimension der danner lilleaksen (190) af det ellipseformede tvaersnit,
hvor lilleaksen (190) har en laeangde mindre end en tvaerdimension af vingeenden
(62) af bolten (58), og hvor storaksen (188) har en laengde stgrre end en

tvaerdimension af vingeenden (62) af bolten (58).

2. Forbindelsesleddet (54) ifglge krav 1, hvor halsomradet (182, 186) er
umiddelbart tilstgdende gevindene pa vingeenden (62) af bolten (58).

3. Forbindelsesleddet (54 ) ifglge krav 1, hvor lilleaksen (190) har en laengde

mindre end en diameter af vingeenden (62) af bolten (58).

4. Forbindelsesleddet (54) ifglge krav 1, hvor laengden af lilleaksen (190) er
reduceret mellem omkring 5 % og omkring 40 % i forhold til diameteren af
vingeenden (62) af bolten (58).

5. Forbindelsesleddet (54) ifglge krav 1, hvor storaksen (188) har en laengde

stgrre end en diameter af vingeenden (62) af bolten (58).

6. Forbindelsesleddet (54) ifglge krav 1, yderligere omfattende en indikator (196)

tilstgdende navenden (64) der svarer til en orientering af halsomradet (182, 186).

7. Forbindelsesleddet (54) ifglge et hvilket som helst af de foregaende krav, hvor
halsomradet (182, 186) har en fgrste ende mod vingeenden (62) af bolten (58)

og en anden ende mod navenden (64) af bolten, og hvor tvaerdimensionen af
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halsomradet (182, 186) er mindre end en tvaerdimension af bolten (58) mellem
den anden ende og navenden (64) af bolten (58), fortrinsvis hvor halsomradet
(182, 186) har en laengde mellem de fgrste og anden ender mellem omkring 0,5D

og omkring 2D, hvor D er diameteren af vingeenden (62) af bolten (58).

8. Forbindelsesleddet (54) ifglge et hvilket som helst af de foregaende krav, hvor
halsomradet (182, 186) inkluderer en overgang til at tilvejebringe en blgd

2ndring i tvaerdimensionen af bolten (58).

9. Forbindelsesleddet (54) ifglge et hvilket som helst af de foregaende krav,
vderligere omfattende en indsats (56) konfigureret til at blive koblet til
vindmgllevingen (50), hvor vingeenden (62) af bolten (58) er konfigureret til at
blive koblet til indsatsen (56).

10. Forbindelsesleddet (54) ifglge et hvilket som helst af de foregaende krav,
hvor bolten (58) er en tapbolt.

11. Vindmgllerotorvinge (50) med en rodende (52) og en spidsende, hvor
rotorvingen (50) omfatter en flerhed af forbindelsesled (54) ifglge krav 9, hvor
indsatser (56) af forbindelsesleddet (54) er indlejret i rodenden (52) af

rotorvingen (50).

12. Vindmgllerotorvingen (50) ifglge krav 11, hvor indsatser (56) omfatter:

et hovedlegeme (70) med en fgrste ende og en anden ende, et centralt
borehul (78) abent til den fgrste ende og som straekker sig mod den anden
ende, og en udvendig flade (86) konfigureret til at passe sammen med

vingen (50);

en fgrste rgrformet forlaengelse (72) der straekker sig vaek fra den anden
ende af hovedlegemet (70) og med en indvendig flade (98) og en udvendig
flade (96), hvor hver af de indvendige og udvendige flader (98, 96) er

konfigureret til at passe sammen med vingen (50); og
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en anden rgrformet forlaengelse (74) der straekker sig vaek fra
hovedlegemet (70) og med en indvendig flade (112) og en udvendig flade
(110), hvor hver af de indvendige og udvendige (112, 110) flader er

konfigureret til at passe sammen med vingen (50).

13. Vindmagllerotorvingen (50) ifglge kravene 12 nar afhaengigt af et hvilket som

helst af kravene 1-6, hvor rotorvingen (50) inkluderer en centralakse ved

rodenden (52), og hvor boltene (58) er koblet til indsatser (56) og orienteret

saledes at storaksen (188) af det ellipseformede tveersnit af halsomradet (182,

10 186) er i alt vaesentligt vinkelret pa radial linjer fra centralaksen af rotorvingen

(50).

14. Fremgangsmade til at danne et forbindelsesled (65) til at fastggre en

vindmgllerotorvinge (50) til et rotornav (48), omfattende:

15

20

25

at tilvejebringe en bolt (58) med en vingeende (62) og en navende; 0g

at danne et halsomrade (182, 186) i bolten tilstgdende vingeenden (62),
hvor halsomradet (182, 186) har en tvaerdimension mindre end en
tveerdimension af vingeenden (62) af bolten (58), og hvor halsomradet
(182, 186) er generelt ellipseformet med en fgrste tvaerdimension der
danner storaksen (188) af det ellipseformede tvaersnit, og en anden
tvaerdimension der danner lilleaksen (190) af det ellipseformede tveersnit,
hvor lilleaksen (190) har en laeangde mindre end en tvaerdimension af
vingeenden (62) af bolten (58), og hvor storaksen (188) har en laengde

stgrre end en tvaerdimension af vingeenden (62) af bolten (58).

15. Fremgangsmaden ifglge krav 14, hvor dannelse af halsomradet (182, 186)

vderligere omfatter at trykke modstaende sider af bolten (58) for at danne et

generelt ellipseformet halsomrade (182, 186) med en storakse (188) og en

lilleakse (190), lilleaksen (190) med en laengde mindre end en tvaerdimension af

30 vingeenden (62) af bolten (58), fortrinsvis hvor tvaersnitsarealet af halsomradet

(182, 186) forbliver i alt vaesentligt konstant under dannelse af halsomradet (182,

186).
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