TOOL AND METHOD FOR SCARFING A ROTOR BLADE SEGMENT

ABSTRACT

Tools and methods are provided for scarfing rotor blade segments. A rotor
blade segment includes a pressure side and a suction side. A tool includes a first
guide configured for mounting on one of the pressure side or the suction side, the
first guide including a first curved rail and a second curved rail spaced from the
first curved rail. The tool further includes a second guide movably coupled to the
first guide at a scarf angle, the second guide including a guide rail extending
between and movable along the first curved rail and the second curved rail. The
tool further includes a cutting device movably coupled to the second guide, the
cutting device movable along the guide rail and operable to remove material from

the one of the pressure side or the suction side.
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WE CLAIM:

1. A tool for scarfing a rotor blade segment, the rotor blade segment comprising
a pressure side, a suction side, a leading edge, and a trailing edge each extending
between a first end and a second end, the tool comprising:

a first guide configured for mounting on one of the pressure side or the suction
side, the first guide comprising a first curved rail and a second curved rail spaced
from the first curved rail, the first curved rail and the second curved rail each having a
curvature that generally corresponds to a curvature of the one of the pressure side or
the suction side;

a second guide movably coupled to the first guide at a scarf angle, the second
guide comprising a guide rail extending between and movable along the first curved
rail and the second curved rail; and

a cutting device movably coupled to the second guide, the cutting device
movable along the guide rail and operable to remove material from the one of the
pressure side or the suction side. ' |

2. The tool of claim 1, wherein the first curved rail and the second curved rail are
generally parallel, and wherein the guide rail is generally transverse to the first curved
rail and the second curved rail. ‘

3. The tool as claimed in claim 1, wherein the first curved rail and the second
curved rail are configured for orienting along a chord-wise axis of the rotor blade
segment.

4. The tool as claimed in claim 1, wherein the second guide is configured for
movement along a chord-wise axis of the rotor blade segment.

5. The tool as claimed in claim 1, wherein the cutting device is configured for
movement along a span-wise axis of the rotor blade segment.

6. The tool as claimed in claim 1, wherein the first guide is configured for
generally stationary mounting on the one of the pressure side or the suction side.

7. The tool as claimed in claim 1, wherein the first guide is configured for
mounting on an outer surface of the pressure side.

8. The tool as claimed in claim 1, wherein the first guide is configured for

mounting on an inner surface of the suction side.

15



9. The tool as claimed in claim 1, wherein the rotor blade further comprises a
spar cap coupled to the one of the pressure side or the suction side, and wherein the
first guide is positioned such that the cutting device is operable to remove material
from a portion of the one of the pressure side or the suction side that is coupled to the
spar cap.

10. The tool as claimed in claim 1, wherein the scarf angle is between
approximately 1 degree and approximately 5 degrees.

11. The tool as claimed in claim 1, wherein the cutting device comprises a dado
blade.

12. A method for scarfing a rotor blade segment, the method comprising:

moving a cutting device on a frame along a chord-wise axis of a rotor blade
segment, the rotor blade segment comprising a pressure side, a suction side, a leading
edge, and a trailing edge each extending between a first end and a second end,
wherein movement along the chord-wise axis occurs generally along a curvature of
the one of the pressure side or the suction side;

moving the cutting device on the frame along a span-wise axis of the rotor
blade segment at a scarf angle; and

operating the cutting device during movement along the span-wise axis to
remove material from the one of the pressure side or the suction side.

13, The method as claimed in claim 12, wherein the frame comprises:

a first guide mounted on the one. of the pressure side or the suction side, the
first guide comprising a first curved rail and a second curved rail spaced from the first
curved rail, the first curved rail and the second curved rail each having a curvature
that generally corresponds to a curvature of the one of the pressure side or the suction
side; and

a second guide movably coupled to the first guide at the scarf angle, the
second guide comprising a guide rail extending between and movable along the first
curved rail and the second curved rail.

14. The method as claimed in claim 13, wherein the cutting device is movable
along the guide rail.

15. The method as claimed in claim 13, wherein the second guide is movable

along a chord-wise axis of the rotor blade segment.
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16. The method as claimed in claim 12, wherein the tool is mounted on an outer
surface of the pressure side.
17. The method as claimed in claim 12, wherein the tool is mounted on an inner
surface of the suction side.
18. The method as claimed in claim 12, wherein the operating step comprises:
activating the cutting device;
moving the active cutting device along the span-wise axis to remove material
from the one of the pressure side or the suction side; and

moving the cutting device along the chord-wise axis.
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TOOL AND METHOD FOR SCARFING A ROTOR BLADE SEGMENT

FIELD OF THE INVENTION
[0001] The present disclosure relates generally to rotor blades for wind
turbines, and more particularly to tools and methods for scarfing rotor blade

segments.

BACKGROUND OF THE INVENTION
[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 of wind using known foil principles. The rotor blades
transmit the kinetic energy in the form of rotational energy so as 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] The size, shape, and weight of rotor blades are factors that contribute
to energy efficiencies of wind turbines. An increase in rotor blade size increases
the energy production of a wind turbine, while a decrease in weight also furthers
the efficiency of'a wind turbine. Furthermore, as rotor blade sizes grow, extra
attention needs to be given to the structural integrity of the rotor blades. Presently,
large commercial wind turbines in existence and in development are capable of
generating from about 1.5 to about 12.5 megawatts of power. These larger wind
turbines may have rotor blade assemblies larger than 90 meters in diameter.
Additionally, advances in rotor blade shape encourage the manufacture of a
forward swept-shaped rotor blade having a general arcuate contour from the root
to the tip of the blade, providing improved aerodynamics. Accordingly, efforts to
increase rotor blade size, decrease rotor blade weight, and increase rotor blade

strength, while also improving rotor blade acrodynamics, aid in the continuing



growth of wind turbine technology and the adoption of wind energy as an
alternative energy source.

[0004]  As the size of wind turbines increases, particularly the size of the rotor
blades, so do the respective costs of manufacturing, transporting, and assembly of
the wind turbines. The economic benefits of increased wind turbine sizes must be
weighed against these factoré. Fér example, the costs of pre-forming,
transporting, and erecting a wind turbine having rotor blades in the range of 90
meters may significantly impact the economic advantage of a larger wind turbine.
[0005] One known strategy for reducing the costs of pre-forming,
transporting, and erecting wind turbines having rotor blades of increasing sizes is
to manufacture the rotor blades in blade segments. The blade segments may be
assembled to form the rotor blade after, for example, the individual blade
segments are transported to an erection location. F urther, in many cases where
increased rotor blade sizes are desired, it may be desirable to increase the lengths
of existing rotor blades. For example, an existing rotor blade may be divided into
segments, and an insert may be provided between neighboring segments to
increase the length of the segments,

[0006] In particular, one known method for joining rotor blade segments is
through scarfing of neighboring blade segments to create tapered or angled joint
faces on the blade segments. An insert may then be provided between the blade
segments having mating joint faces. The joiht faces may be joined together to
create scarf joints, connecting the neighboring blade segments and insert.
However, known methods and apparatus for scarfing rotor blade segments may
have a variety of disadvantages. For example, a key factor in creating a strong
scarf joint is the geometry of the mating joint faces. Scarf joints created in rotor
blade segments must thus account for both the desired scarf angle and the
curvature of the rotor blade segment. One current approach to scarfing a rotor
blade segment is to manually grind a surface of the rotor blade to the desired
angle. However, such manual approaches are inaccurate, leading to relatively
weaker scarf joints, and are further time-consuming and thus costly. Other current

approaches to scarfing rotor blade segments require the use of CNC machines.
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However, such approaches require prohibitively high capital costs, and are
complex to program to adapt to the requirements of individual rotor blade
segments.

[0007]  Accordingly, improved methods and apparatus for scarfing rotor blade
segments are desired in the art. In particular, methods and apparatus that
accurately account for desired scarf angles and rotor blade segment curvatures
would be advantageous. Further, methods and apparatus that provide such

accuracy efficiently and at relatively low costs would be desired.

BRIEF DESCRIPTION OF THE INVENTION
[0008]  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.
[0009] In one embodiment, a tool is provided for scarfing a rotor blade
segment. The rotor blade segment includes a pressure side, a suction side, a
leading edge, and a trailing edge each extending between a first end and a second
end. The tool includes a first guide configured for mounting on one of the
pressure side or the suction side, the first guide including a first curved rail and a
second curved rail spaced from the first curved rail. The first curved rail and the
second curved rail each have a curvature that generally corresponds to a curvature
of the one of the pressure side or the suction side. The tool further includes a
second guide movably coupled to the first guide at a scarf angle, the second guide
including a guide rail extending between and movable along the first curved rail
and the second curved rail. The tool further includes a cutting device movably
coupled to the second guide, the cutting device movable along the guide rail and
operable to remove material from the one of the pressure side or the suction side.
[0010] In another embodiment, a methiod for scarfing a rotor blade segment is
provided. The method includes moving a cutting device on a frame along a
chord-wise axis of a rotor blade segment. The rotor blade segment includes a
pressure side, a suction side, a leading edge, and a trailing edge each extending

between a first end and a second end. Movement along the chord-wise axis

4



occurs generally along a curvature of the one of the pressure side or the suction
side. The method further includes moving the cutting device on the frame along a
span-wise axis of the rotor blade segment at a scarf angle, and operating the
cutting device during movement along the span-wise axis to remove material from
the one of the pressure side or the suction side.

[0011]  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
[0012] 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:
[0013]  FIG. 1 is a perspective view of a known wind turbine according to one
embodiment of the present disclosure; -
[0014]  FIG. 2 is a perspective view of 2 wind turbine rotor blade according to
one embodiment of the present disclosure;
[0015]  FIG. 3 is a perspective view of.a portion of a rotor blade segment
before scarfing according to one embodiment of the present disclosure;
[0016]  FIG. 4 is a perspective view of a portion of the rotor blade segment of
FIG. 3 after scarfing according to one embodiment of the present disclosure;
[0017] FIG. § is a perspective view of a portion of a rotor blade segment
before scarfing according to another embodiment of the present disclosure;
[0018]  FIG. 6 is a perspective view of a portion of the rotor blade segment of
FIG. § after scarfing according to another embodiment of the present disclosure;
[0019]  FIG. 7 is a perspective view of a tool mounted to an outer surface of a
pressure side of a rotor blade segment according to one embodiment of the present

disclosure;




[0020] FIG. 8 is a side view of a tool mounted to an outer surface of a
pressure side of a rotor blade segment accordihg to one embodiment of the present
disclosure; and

[0021] FIG.9isa perspecti\?e view of a tool mounted to an inner surface of a
suction side of a rotor blade "segment according to one embodiment of the present

disclosure.

DETAILED DESCRIPTION OF THE INVENTION
[0022] 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
or spirit 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. ‘
[0023] FIG. 1 illustrates a wind turbine 10 of conventional construction. The
wind turbine 10 includes a tower 12 with a nacelle 14 mounted thereon. A
plurality of rotor blades 16 are mounted to a rotor hub 18, which is in turn
connected to a main flange that turns a main rotor shaft, as discussed below. The
wind turbine power generation and control components are housed within the
nacelle 14. The view of FIG. 1 is providéd.for illustrative purposes only to place
the present invention in an exemplary field of use. It should be appreciated that
the invention is not limited to any particular type of wind turbine configuration.
[0024] Referring to FIG. 2, one embodiment of a rotor blade 16 in accordance
with the present disclosure is shown. The rotor blade 16 may include a plurality
of individual blade segments 20 aligned in an end-to-end order from a blade tip 22
to a blade root 24. Each of the individual blade segments 20 may be uniquely

configured so that the plurality of blade segments 20 define a complete rotor blade
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16 having a designed aerodynamic profile, length, and other desired
characteristics. For example, each of the blade segments 20 may have an
aerodynamic contour that corresponds to the aerodynamic contour of adjacent
blade segments 20. Thus, the aerodynamic contours of the blade segments 20
may form a continuous aerodynamic contour of the rotor blade 16.

[0025]  In general, the rotor blade 16, and thus each blade segment 20, may
include a pressure side 32 and a suction side 34 extending between a leading edge
36 and a trailing edge 38. Additionally, the rotor blade 16 may have a span 42
extending along a span-wise axis 43 and a chord 44 extending along a chord-wise
axis 45. The chord 44 may change throughout the span 42 of the rotor blade 16.
Thus, a local chord may be defined at any span-wise location on the rotor blade 16
or any blade segment 20 thereof. |

[0026] The rotor blade 16 may, in exemplary embodiments, be curved.
Curving of the rotor blade 16 may entail bending the rotor blade 16 in a generally
flapwise direction and/or in a generally edgewise direction. The flapwise
direction is a direction substantially perpendicular to a transverse axis through a
cross-section of the widest side of the rotor blade 16. Alternatively, the flapwise
direction may be construed as the direction (or the opposite direction) in which
the aerodynamic lift acts on the rotor blade 16. The edgewise direction is
perpendicular to the flapwise direction. Flapwise curvature of the rotor blade 16
is also known as pre-bend, while edgewise curvature is also known as sweep.
Thus, a curved rotor blade 16 may be pre-bent and/or swept. Curving may enable
the rotor blade 16 to better withstand flapwise and edgewise loads during
operation of the wind turbine 10, and may further provide clearance for the rotor
blade 16 from the tower 12 during operation of the wind turbine 10.

[0027]  As discussed, FIG. 2 illustrates a plurality of blade segments 20
forming a rotor blade 16. In the embodiment shown, one blade segment 20
extends from the root 14, while a neighboring blade segment 20 extends from the
tip 22. It should be understood, however, that a rotor blade 16 according to the
present disclosure may have any suitable number of blade segments 20, such as

two, three, four or more. Each blade segment 20, and each of the pressure side
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32, suction side 34, leading edge 36, and trailing edge 38 thereof, may extend
between  first end 50 and a second end 52 as shown. The first end 50 and/or
second end 52 may be the tip 22 and/or roo;c 24, or any other suitable location on
the rotor blade 16 between the tip 22 and root 24,

[0028] As further shown in F IG. 2, an"insert 60 may be disposed between
neighboring blade segments 20 in a rotor bladg 16, and may join the blade
segments 20 together. In exemplary embodiments, and as discussed in detail
below, the insert 60 may be joined to each blade segment 20 through a scarf joint.
Thus, a portion of a rotor blade segment 20 may be scarfed, or angled or taped, to
form a joint face, and the insert 60 may have a mating joint face. The joint faces
may be connected and fastened together to form the scarf joint.

[0029] FIGS. 3 and 5 illustrate various embodiments of a blade segment 20
before scarfing. As shown and as discussed above, the blade segment 20 includes
a pressure side 32, a suction sidé 34; a ledding edge 36, and a trailing edge 38
each extending between a first end 50 and a second end 52. Further, the rotor
blade segment 20 includes an inner sﬁrface 70 and an outer surface 72. The
pressure side 32, suction side 34, leading edge 36, and trailing edge 38 each
include and deﬁﬁe the inner surface 70 and outer surface 72. A blade segment 20
may further include one or more spar caps 74, stch as a spar cap coupled to the
pressure side 32 and a spar cap coupled to the suction side 34, as shown. A shear
web 76 may extend between the spar caps 74.

[0030] In some embodiments, as shown in FIG. 5, a cutaway portion 78 of
one of the pressure side 32 or the suction side 34, such as the pressure side 32 in
the embodiment shown, is shown, In these embodiments, a portion of the one of
the pressure side 32 or the suction side 34 is cut away from the blade segment 20
to providé access to an inner surface 70 of the other of the pressure side 32 or
suction side 34, as discussed below, thus defining a cutaway portion 78.

[0031]  FIGS. 4 and 6 illustrate various embodiments of a blade segment 20
after scarfing. As shown, a portion or portions of the pressure side 32 and suction
side 34 are scarfed at a scarf angle 80 (see FIG. 8). The scarf angle 80 may be

any suitable angle for creating a scarf joint, such as 1n some embodiments
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between approximately 1 degree and approximately 5 degrees, or in other
embodiments between approximately 1 degree and approximately 3 degrees.

Such scarfing 80 creates joint faces 82 that may be utilized to join the blade
segment 20 to, for example, an insert 60 or other blade segment 20. In some
embodiments, for example, scarfing 80 may remove material from a portion of the
pressure side 32 or suction side 34 that is coupled to a spar cap 74. Thus, a
resulting joint face 82 may be a portion of the pressure side 32 or suction side 34
that is coupled to the spar cap 74. In other embodiments, scarfing 80 may remove
material from a portion of the pressure side 32 or suction side 34 that is located
between the spar caps 74 and the trailing edge 38 along the chord-wise axis 45.
This location may be a location of “biax™ (bi-axial composite) material forming a
portion of the pressure side 32 and/or suction side 34. Thus, a resulting joint face
82 may be a portion of the pressure side 32 or suction side 34 that is between the
spar caps 74 and the trailing edge 38 and/or formed from a biax material.

[0032]  FIGS. 7 through 9 illustrate various embodiments of a tool 100 utilized
to accurately and efficiently scarf a rotor blade segment 20. Tools 100 according
to the present disclosure accurately account for both the scarf angle 80 and the
curvature of the rotor blade 16, such as of the inner and outer surface 70, 72
thereof., Further, use of such tools 100 is efficient and inexpensive.

[0033] As shown, a tool 100 according to the present disclosure includes a
frame 102 and a cutting device 104. The frame 102 generally facilitates
movement of the cutting device 104 in various directions with respect to a surface
of the pressure side 32 or suction side 34. For example, as discussed below and as
shown in FIGS. 7 through 9, the frame 102 may in exemplary embodiments
facilitate movement of the cutting device along-the chord-wise axis 45 and span-
wise axis 43. Further, the frame 102 may account for both the desired scarf angle
80 and the curvature of the one of the pressure side 32 or suction side 34 on which
the frame 102 is mounted, thus facilitating accurate scarfing by the cutting device
104. For example, movement of the cutting device 104 on the frame 102 may
generally be along the curvature of the surface of the one of the pressure side 32

or suction side 34 and/or at the scarf angle 80, as discussed below.
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[0034] In exemplary embodiments, as shbwn, the frame 102 comprises a first
guide 110 and a second guide 112, The first guide 110, and thus the tool 100 in
general, may be configured for mounting on one of the pressure side 32 or the
suction side 34. For example, FIGS. 7 and 8 illustrate a first guide 110 mounted
on the outer surface 72 of the pressure side 32 of a blade segment 20. FIG. 9
illustrates a first guide 110 mounted on the inner surface 74 of the suction side 34
of a blade segment 20. In other embodiments, a first guide 110 could be mounted
on the inner surface 74 of the pressure side 32, or the outer surface 72 of the
suction side 34.

{0035] In exemplary embodiments, the first guide 110 may be generally
mounted to the rotor blade segment 20 such that it is stationary on the rotor biade
segment 20. For example, the first guide 110 niay be clamped or otherwise
affixed to the rotor blade segment 20 during the scarfing process. Clamps 115, for
example, may be utilized to mount the first guide 110 in a stationary position,
[0036]  Further, in some embodiments; thé first guide 110 may be mounted on
the rotor blade segment 20 in a position such that operation of the cutting device
104 may remove material from the portioh of the one of the pressure side 32 or
suction side 34 that is.coupled to a spar cap 74. Thus, in these embodiments, the
area defined by the first guide 110, when mounted on the rotor blade 20, may
encompass at least a portion of the rotor blade segment 20 that is coupled to the
spar cap 74. Operation of the cutting device 104 may be within the area defined
by the first guide 110, and specifically the curved rails as discussed below. In
other embodiments, the first guide 110 may be mounted on the rotor blade
segment 20 in a position such that operation of the cutting device 104 may remove
material from another portion of the one of the pressure side 32 or suction side 34,
such as a portion formed from biax and/or between the spar caps 74 and trailing
edge 38, or another suitable ponion}

[0037] The first guide 110 may include a first curved rail 120 and a second
curved rail 122. The second curved rail 122 may be spaced apart from the first
curved rail 120. Both rails 120, 122 may‘l‘iave a curvature that generally

corresponds to a curvature of the one of the pressure side 32 or suction side 34 to
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which the tool 100 is mounted, such as of the outer or inner surface 72, 70 thereof.
For example, as shown, a bottom surface of fhe first rail 120 may contact and
generally be flush with the outer or inner surface 72, 70 on which it is mounted,
and a top surface of the rail 120 may have a corresponding curvature. In some
embodiments, the second rail 122 may similarly have a curvature such that it
contacts and is generally flush with the rotor blade segment 20. In other
embodiments, as shown, the second rail 122 may overhang the rotor blade
segment 20. In these embodiments, the top and/or bottom surfaces of the second
rail 122 may have a curvature that generally corresponds to the curvature of the
outer or inner surface 72, 70 adjacent to the second rail 122. Such curvature of
the rails 120, 122 may facilitate scarfing that accounts for the curvature of the
blade segment 20.

[0038] In exemplary embodiments as shown, the rails 120, 122 are generally
parallel. Further, in exemplary embodiments, the rails 120, 122 are oriented along
the chord-wise axis 45 of the rotor blade segment 20. In these embodiments, the
rails 120, 122 may thus, for example, have curvatures that correspond to the outer
or inners surface 72, 70 at spaced apart. locations along the chord-wise axis 45.
[0039]  As further shown, the first guide 110 may further include one or more
connector rails 124, The connector-rails 124 may connect the first and second
curved rails 120, 122 together and maintain the orientation of the rails 120, 122
with respect to each other, as required.

[0040] As discussed, the frame 102 may further include a second guide 112.
The second guide 112 may generally by movably coupled to the first guide 110.
For example, in exemplary embodiments, the second guide 112 may be slidable
along the first guide 110. As shown, for example, the second guide 112 may
include one or more guide rails 130. Each guide rail 130 may extend between and
move along the first and second curved rails 120, 122. For example, as shown,
the guide rails 130 may sit on the top surfaces of the rails 120, 122 and slide along
the top surfaces as shown.

[0041] In exemplary embodiments as shown, the guide rails 130 may be

generally transverse to the curved rails 120, 122. For example, in some
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embodiments wherein the curved rails 120, 122 extend along the chord-wise axis
45, the guide rails 130 may be oriented and extend along the span-wise axis 143.
In further exemplary embodiments as shown, the second guide 112, and the guide
rails 130 thereof, may move along the chord-wise axis 45. This may be due, for
example, to the orientation of the curved rails 120, 122 along the chord-wise axis
45.

[0042] As further shown in FIGS. 7 through 9, the second guide 112 may be
movably coupled to the first guide 110 at the scarf angle 80. For example, as
shown in F1G. 8, the second curved rail 122 is offset from the first curved rail 120
such that the distance between the rails and height difference between the top
surfaces of the rails defines the desired scarf angle 80. The second guide 112 may
be movably coupled to the first guide 110 at the scarf angle 80 by, in these
embodiments for example, resting the guide rails 130 on the offset top surfaces of
the curved rails 120, 122. In any event, the guide rails 130 may, through coupling
of the second guide 112 to the first guide 110, extend between the first curved rail
120 and the second curved rail 122 at the scarf angle 80. Such orientation of the
second guide 122 at the scarf angle 80 facilitates scarfing at the scarf angle 80.
[0043] As discussed, a tool 100 according to the present disclosure further
includes a cutting device 104. As shown in FIGS. 7 through 9, the cutting device
104 may be movably coupled to the second guide 112. Such movable coupling
allows the cutting device 104 to move, such as slide, along the guide rail(s) 130.
The cutting device 104 may further be operable to remove material from the one
of the pressure side 32 or suction side 34 on which the tool 100 is mounted.
Movement of the cutting device 104-along the guide rail(s) 130 when the device
104 is operating may thus cause material to be removed at the scarf angle 80, due
to the orientation of the guide rail(s) 130 at the scarf angle 80.

[0044]  Inexemplary embodiments, the cutting device 104 is configured for
movement along the span-wiseaxis 43. For example, as discussed above, the
guide rail(s) 130 of the second guide 112 may in some embodiments extend along
the span-wise axis 43. The cutting device 104, which may be movable along the

guide rail(s) 130, may thus be movable along the span-wise axis 43.
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[0045] The cutting device 104 may generally be any suitable device for
removing material from the one of the pressure side 32 or suction side 34 on
which the tool 100 is mounted.. In some embodiments, for example, the cutting
device 104 may include a circular saw 140. The circular saw 140 may have a
dado blade 142 or other suitable blade for removing material. In other
embodiments, the tool 100 may be a router or other suitable material removal
device.

[0046] To remove material from the one of the pressure side 32 or suction
side 34, the cutting device 104 may be activated such that it is operable for device
removal. In general, the cutting device 104 may then be moved along the guide
rail(s) 130 to remove material at the scarf angle 80. After such removal, the
second guide 112 may be moved along the first and second curved rails 120, 122,
to reposition the cutting device 104 for further material removal. The cutting
device 104 may then be again moved along the guide rail(s) 130 to remove
material at the scarf angle 80. Such movement of the cutting device 104 and
second guide 112 may be repeated as necessary until all required material is
removed, forming a joint face 82, : J

[0047] The present disclosure is further directed to methods for scarfing rotor
blade segments 20. A method according to the present disclosure may include,
for example, moving a cutting device 104 on a frame 102 along a chord-wise axis
45 of a rotor blade segment 34. Movement along the chord-wise axis 45 may
occurs generally along a curvature of the one of the pressure side 32 or the suction
side 34 of the rotor blade segment 34. A method may further include, for
example, moving the cutting device 104 on the frame 102 along a span-wise axis
43 of the rotor blade segment 34 at a scarf angle 80. A method according to the
present disclosure may further include, for example, operating the cutting device
104 to remove material from the one of the pressure side 32 or the suction side 34.
[0048] Additionally, in some embodiments a method may include, for
example, providing a rotor blade segment 20 and providing a tool 100 on one of
the pressure side 32 or the suction side 34 of the rotor blade segment 34. The tool

100 may, for example, include a cutting device 104 and a frame 102, as discussed
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above. In some exemplary embodiments, the cutting device 104 may be movable
on the frame 102 along a chord-wise axis 45 and a span-wise axis 43. Further,
movement along the chord-wisé axis 45 may occur generally along a curvature of
the one of the pressure side 32 or the suction side 34, and/or movement along the
span-wise axis 43 may occur at the scarf angle 80.

[0049] In exemplary embodiments, operating the cutting device 104 may
include, for example, activating the cutting device 104, moving the active cutting
device along the guide rail(s) 130 and/or span-wise axis 43 to remove material
from the one of the pressure side 32 or the suction side 34, and moving the cutting
device 104 along the first and second curved rails 120, 122 and/or chord-wise axis
45. Such movements may be repeated as desired to remove material, as
necessary, to form a joint face 82.

[0050] This written description uses examples to disclose the invention,
including the best mode, and also to enable any person skilled in the art to practice
the invention, including making and using any devices or systems and performing
any incorporated methods. The patentable scope of the invention is defined by the
claims, and may include other examples that occur to those skilled in the art.

Such other examples are intended to be within the scope of the claims if they
include structural elements that do not differ from the literal language of the
claims, or if they include equivalent structural elements with insubstantial

differences from the literal languages of the claims.
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