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(57) Abrégée/Abstract:

A blade Insert for coupling a first blade segment to a second blade segment Is disclosed. The blade Insert may Include an
aerodynamic body extending between a first end configured to be coupled to the first blade segment and a second end configured
to be coupled to the second blade segment. The aerodynamic body may include a pressure side and a suction side extending
between a leading edge and a tralling edge. In addition, the aerodynamic body may define a chord, wherein the chord at the first
end Is substantially equal to the chord at the second end.
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BLADE INSERT FOR A WIND TURBINE ROTOR
BLADE AND RELATED METHODS

ABSTRACT

A blade insert for coupling a first blade segment to a second blade segment 1s
disclosed. The blade insert may include an aerodynamic body extending between a first
end configured to be coupled to the first blade segment and a second end configured to be
coupled to the second blade segment. The aerodynamic body may include a pressure side
and a suction side extending between a leading edge and a trailing edge. In addition, the
aecrodynamic body may define a chord, wherein the chord at the first end 1s substantially

equal to the chord at the second end.
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BLADE INSERT FOR A WIND TURBINE ROTOR
BLADE AND RELATED METHODS

FIELD OF THE INVENTION

10001 ] The present subject matter relates generally to wind turbines and, more

particularly, to a blade insert for extending the length of a wind turbine rotor blade.
BACKGROUND OF THE INVENTION

10002] Wind power i1s 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 turbine blades. The turbine blades capture kinetic energy from
wind using known foil principles and transmit the kinetic energy through rotational
energy to turn a shatt coupling the rotor blades to a gearbox, or 1f a gearbox 1s not used,
directly to the generator. The generator then converts the mechanical energy to electrical

energy that may be deployed to a utility grid.

10003 ] To ensure that wind power remains a viable energy source, efforts have been
made to increase energy outputs by modifying the size and capacity of wind turbines.
One such modification has been to increase the length of the rotor blades. However, as 1s

generally known, the deflection of a rotor blade is a function of blade length, along with

wind speed, turbine operating states and blade stiffness. Thus, longer rotor blades may be
subject to increased deflection forces, particularly when a wind turbine 1s operating 1n
high-speed wind conditions. These increased deflection forces not only produce fatigue
on the rotor blades and other wind turbine components but may also increase the risk of

the rotor blades striking the tower.

10004 ] In order to increase the length of wind turbine rotor blades without adversely
affecting the aerodynamic design, it is known to install tip extensions onto the blades.

Typically, a conventional tip extension is installed onto a rotor blade by cutting-oft a
1
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portion of the blade at its tip and replacing such cut-off portion with the tip extension.
However, due to the fact that a portion of the rotor blade must be cut-off and because the
elongated rotor blade will be subjected to increased loads, the tip extension must be
significantly longer than the actual increase in rotor blade length that can be achieved by
installing the extension. For example, a conventional tip extension may often need to
have a length of almost half of the original span of the rotor blade to accommodate the
increased loading on the blade. As such, due to their length, the costs of manufacturing

and transporting conventional tip extensions can be prohibitively expensive.

10005} Accordingly, a blade insert that can be used to increase the span of a rotor
blade by an amount generally corresponding to the overall length of the blade insert

would be welcomed in the technology.
BRIEF DESCRIPTION OF THE INVENTION

[0006]  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.

[0007] In one aspect, the present subject 1s directed to a rotor blade assembly
including a first blade segment having a first joint end and a second blade segment having
a second joint end. In addition, the rotor blade assembly may include a blade insert
having a first end coupled to the first joint end such that a first interface is defined
between the blade insert and the first blade segment and a second end coupled to the
second joint end such that a second interface is defined between the blade insert and the
second blade segment. The blade insert may define a chord, wherein the chord at the first

interface may be substantially equal to the chord at the second interface.

10008]  In another aspect, the present subject matter is directed to a blade insert for
coupling a first blade segment to a second blade segment. The blade insert may include
an aerodynamic body extending between a first end configured to be coupled to the first

blade segment and a second end configured to be coupled to the second blade segment.
2
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The aerodynamic body may include a pressure side and a suction side extending between
a leading edge and a trailing edge. In addition, the acrodynamic body may define a
chord, wherein the chord at the first end is substantially equal to the chord at the second

end.

[0009] In a further aspect, the present subject 1s directed to a rotor blade assembly
including a first blade segment having a first joint end and a second blade segment having
a second joint end. In addition, the rotor blade assembly may include a blade insert
having a first end coupled to the first joint end such that a first interface is defined
between the blade insert and the first blade segment and a second end coupled to the
second joint end such that a second interface 1s defined between the blade insert and the
second blade segment. The stiffness of the blade insert may be greater than a stiffness of
at least one of the first blade segment at the first joint end or the second blade segment at

the second joint end.

[0010] 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

(0011] 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:

10012] FIG. 1 1llustrates a perspective view of one embodiment of a wind turbine;

10013] FIG. 2 illustrates a perspective view of one embodiment of a rotor blade of a

wind turbine;
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10014] F1G. 3 illustrates a perspective, exploded view of one embodiment of a rotor

blade assembly in accordance with aspects of the present subject matter;

(0015} FIG. 4 illustrates a partial, side assembled view of the rotor blade assembly
shown 1n FIG. 3;

10016] FIG. 5 illustrates a cross-sectional view of the rotor blade assembly shown 1n

FIG. 4 taken about line 5-5;:

[0017] FIG. 6 illustrates an edge view of the rotor blade assembly shown in F1G. 4

viewing the rotor blade assembly from line 6-6;

[0018] FIG. 7 illustrates a perspective view of one embodiment of attachment
features that may be utilized to couple the components of the rotor blade assembly to one

another;

[0019] FIG. 8 illustrates an assembled, cross-sectional view of the components shown

in FIG. 7;

10020] FIG. 9 illustrates an assembled, cross-sectional view of different attachment
features that may be utilized to couple the components of the rotor blade assembly to one

another:

(00211  FIG. 10 illustrates a perspective, exploded view of another embodiment of a

rotor blade assembly in accordance with aspects of the present subject matter;

10022] FIG. 11 illustrates a partial, side assembled view of the rotor blade assembly
shown 1n FIG. 10;

10023 FIG. 12 illustrates a partial, side assembly view of another embodiment of a

rotor blade assembly in accordance with aspects of the present subject matter;

10024 ] FIG. 13 illustrates a partial, side assembly view of a further embodiment of a

rotor blade assembly in accordance with aspects of the present subject matter;

4



CA 02806793 2013-02-21
259167-4

[0025]  FIG. 14 illustrates a partial, side assembly view of yet another embodiment of

a rotor blade assembly in accordance with aspects of the present subject matter; and

(0026] FIG. 15 illustrates a partial, side assembled view of one embodiment of a rotor

blade assembly in which the blade insert 1s swept.
DETAILED DESCRIPTION OF THE INVENTION

[0027]  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 1s provided by
way of explanation of the invention, not limitation of the invention. In fact, 1t 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 spirtit 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.

10028] [n general, the present subject matter is directed to a blade insert for extending
the length of a wind turbine rotor blade. For example, in several embodiments, a pre-
existing rotor blade may be divided into two blade segments, such as by cutting the pre-
existing rotor blade at a specified location along its span. A blade insert may then be
coupled between the blade segments in order to increase the overall length of the pre-

existing rotor blade.

[0029] Referring now to the drawings, FIG. 1 illustrates perspective view of one
embodiment of a wind turbine 10. 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. The wind
turbine power generation and control components (e.g., a turbine controller) may be
housed within the nacelle 14. It should be appreciated that the view of FIG. 1 is provided

for illustrative purposes only to place the present subject matter in an exemplary field of
S
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use. Thus, one of ordinary skill in the art should readily appreciate that the present

subject matter need not be limited to any particular type of wind turbine contiguration.

10030} Referring now to FIG. 2, a perspective view of one embodiment of one of the
rotor blades 16 shown in FIG. 1 is illustrated. As shown, the rotor blade 16 generally
includes a blade root 20 configured for mounting the rotor blade 16 to the hub 18 of the
wind turbine 10 (FIG. 1) and a blade tip 22 disposed opposite the blade root 20. A body
24 of the rotor blade 16 may generally be configured to extend between the blade root 20
and the blade tip 22 and may serve as the outer casing/skin of the blade 16. In several
embodiments, the body 24 may define a substantially aerodynamic profile, such as by
defining a symmetrical or cambered airfoil-shaped cross-section. As such, the body 24
may include a pressure side 26 and a suction side 28 extending between a leading edge 30
and a trailing edge 32. Further, the rotor blade 16 may have a span 34 defining the total
length between the blade root 20 and the blade tip 22 and a chord 36 defining the total
length between the leading edge 30 and the trialing edge 32. As 1s generally understood,
the chord 36 may vary in length with respect to the span 34 as the rotor blade 16 extends
from the blade root 20 to the blade tip 22.

[0031] In several embodiments, the body 24 of the rotor blade 16 may be formed as a
single, unitary component. Alternatively, the body 24 may be formed from a plurality of
shell components. For example, the body 24 may be manufactured from a first shell half

generally defining the pressure side 26 of the rotor blade 16 and a second shell half
generally defining the suction side 28 of the rotor blade 16, with the shell halves being

secured to one another at the leading and trailing edges 30, 32 of the blade 16.
Additionally, the body 24 may generally be formed from any suitable material. For
Instance, in one embodiment, the body 24 may be formed entirely from a laminate
composite material, such as a carbon fiber reinforced laminate composite or a glass fiber
reinforced laminate composite. Alternatively, one or more portions of the body 24 may

be configured as a layered construction and may include a core material, formed from a
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lightweight material such as wood (e.g., balsa), foam (e.g., extruded polystyrene foam) or

a combination of such materials, disposed between layers of laminate composite material.

10032] [t should be appreciated that the rotor blade 16 may also include one or more
longitudinally extending structural components configured to provide increased stiffness,
buckling resistance and/or strength to the rotor blade 16. For example, in several
embodiments, the rotor blade 16 may include one or more shear webs 38 (FIG. 7)
extending between corresponding spar caps 40 (FIG. 7). However, in other
embodiments, the rotor blade 16 of the present disclosure may have any other suitable

internal configuration.

[0033]  Referring now to FIGS. 3-6, one embodiment of a rotor blade assembly 100 is
1llustrated 1in accordance with aspects of the present subject matter. Specifically, FIG. 3
illustrates a perspective, exploded view of the rotor blade assembly 100. FIG. 4
1llustrates a partial, pressure side view of the rotor blade assembly 100. FIG. 5 illustrates
a cross-sectional view of the rotor blade assembly 100 shown in FIG. 4 taken about line
5-5. Additionally, FIG. 6 illustrates a leading edge view of the rotor blade assembly 100
shown 1n FIG. 4.

[0034] As shown, the rotor blade assembly 100 may include a first blade segment
102, a second blade segment 104 and a blade insert 106 configured to be coupled
between the first and second blade segments 102, 104. In general, the rotor blade
assembly 100 may be configured such that, when the first and second blade segments

102, 104 are coupled together via the blade insert 106, a complete rotor blade 1s formed.

(00335} In several embodiments, the first and second blade segments 102, 104 may be
formed by dividing a pre-existing rotor blade 16 into two separate blade sections. For
example, as shown in FIG. 2, in one embodiment, the illustrated rotor blade 16 may be
divided into the first and second blade segments 102, 104 by cutting the rotor blade 16
along a joint or cut line 108. Thus, the first blade segment 102 may generally comprise a

root segment of the rotor blade 16 and may extend between the blade root 20 and a first

7
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joint end 110 formed at the cut line 108. Similarly, the second blade segment 104 may
comprise a tip segment of the rotor blade 16 and may extend between the blade tip 22 and
a second joint end 112 formed at the cut line 108. In such an embodiment, each blade
segment 102, 104 may generally define a chord 114, 116 corresponding to the total length
of each segment between its leading and trailing edges 30, 32. For example, as shown 1n
FIGS. 3 and 4, the first blade segment 102 may define a first chord 114 and the second
blade segment 104 may define a second chord 116, with the first chord 114 at the first
joint end 110 being the same as or substantially the same as the second chord 116 at the

second joint end 112.

(0036] By dividing a pre-existing rotor blade 16 as described above, the total length
of the first and second blade segments 102, 104 may generally correspond to the original
span 34 of the rotor blade 16. Specifically, the first blade segment 102 may define a first
spanwise length 118 and the second blade segment 104 may define a second spanwise
length 120 such that, when combined, the first and second spanwise lengths 118, 120
define a total segment length that is equal or substantially equal to the original span 34.
As used herein, the term “total segment length” will be used to refer to the combined

length of the first and second spanwise lengths 118, 120.

[0037] [t should be appreciated that the first and second spanwise lengths 118, 120
may generally vary depending on the location of the cut line 108. Thus, 1n several

embodiments, the location of the cut line 108 may be selected in order to provide

spanwise lengths 118, 120 for the first and second blade segments 102, 104 that permit
the blade 1nsert 106 to be positioned along the length of the rotor blade assembly 100 at a
location that enhances the overall performance of the assembly 100 while minimizing
performance impacts (¢.g., deflection, moment of inertia, etc.). For example, in one
embodiment, the location of the cut line 108 along the rotor blade 16 may be selected
such that the first spanwise length 118 ranges from about 40% to about 95% of the total

segment length, such as from about 40% to about 80% of the total segment length or from

about 50% to about 65% of the total segment length. However, 1t 1s foreseeable that, in
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other embodiments, the location of the cut line 108 may be selected such that the first
spanwise length 118 is less then 40% of the total segment length or greater than 95% of
the total segment length.

[0038] In other embodiments, the location of the cut line 108 may be selected such
that the rotor blade 16 is divided outboard of its maximum chord location. For example,
as shown in FIGS. 2 and 3, the rotor blade 16 may be divided such that the maximum
chord location 122 is included within the first blade segment 102. In a further
embodiment, the location of the cut line 108 may be selected such that, when the blade
insert 106 is coupled between the first and second blade segments 102, 104, a center of

gravity 124 of the rotor blade assembly 100 1s defined within the first blade segment 102.

|0039] It should be appreciated that, 1n alternative embodiments, the first and second
blade segments 102, 104 need not be formed by cutting or otherwise dividing a pre-
existing rotor blade 16 into two separate blade sections. For example, in another
embodiment, the first and second blade segments 102, 104 may be separately

manufactured and assembled together with the blade insert 106 to form the disclosed

rotor blade assembly 100.

10040] Additionally, 1t should be appreciated that, as used herein, the terms “first
blade segment™ and “second blade segment” need not be limited to a single, continuous
blade segment. For example, the first blade segment 102 may be formed from a single,
unitary blade segment extending between the blade root 20 and the first joint end 110 or
the first blade segment 102 may be formed from two or more blade segments that, when
coupled together, extend between blade root 20 and the first joint end 110. Similarly, the
second blade segment 104 may be formed from a single, unitary blade segment extending
between the second joint end 112 and the blade tip 22 or the second blade segment 104

may be formed from two or more blade segments that, when coupled together, extend
between the second joint end 112 and the blade tip 22. Moreover, it should be

appreciated that, in alternative embodiments, the rotor blade assembly 100 may be
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divided into three or more blade segment, with a blade insert 106 being coupled between

cach pair of adjacent blade segments.

(0041 ] Referring still to FIGS. 3-6, the blade insert 106 of the rotor blade assembly
100 may generally comprise an elongated body 126 extending between a tirst end 128
and a second end 130. In general, the blade insert 106 may be configured to be coupled
between the first and second blade segments 102, 104 in order to form the rotor blade
assembly 100. Specifically, as shown in FIG. 4, the first end 128 of the ‘body 26 may be
configured to be coupled to the joint end 110 of the first blade segment 102 such that a
first interface 132 is defined between the blade insert 106 and the first blade segment 102.
Similarly, the second end 130 of the body 126 may be configured to be coupled to the
joint end 112 of the second blade segment 104 such that a second interface 134 1s defined
between the blade insert 106 and the second blade segment 104.

[0042] The body 126 of the blade insert 106 may also be configured to define a
substantially aerodynamic profile, such as by defining a symmetric or cambered airfoil-
shaped cross-section. Thus, as particularly shown in FIG. 5, in several embodiments, the
body 126 may include a pressure side 136 and a suction side 138 extending between a
leading edge 140 and a trailing edge 142. In addition, the body 126 may also define a
chord 144 corresponding to the overall length of the blade insert 106 between its leading
and trailing ¢dges 140, 142.

(0043 Moreover, in several embodiments, the blade insert 106 may also include the
same or similar internal structural components as the first and second blade segments
102, 104. For example, as shown in FIG. 5, the blade insert 106 may include a pair of
longitudinally extending spar caps 146 configured to be aligned with the longitudinally
extending spar caps 40 (FIG. 7) of the blade segments 102, 104. In such an embodiment,
the blade insert 106 may also include one or more shear webs 148 extending between the
spar caps 146 that generally correspond to the shear web(s) 38 of the blade segments 102,

104. However, it should be appreciated that, in alternative embodiments, the blade insert

10
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106 may include internal structural components that differ from the internal structural

components of the blade segments 102, 104.

[0044]  Referring still to FIGS. 3-6, in several embodiments, the cross-section of the
blade insert 106 at its first and second ends 128, 130 may generally be configured to
correspond to or otherwise match the cross-sections of the first and second blade
segments 102, 104 at their joint ends 110, 112. Thus, in embodiments in which the blade
segments 102, 104 are formed by cutting or otherwise dividing a pre-exiting rotor blade
16 at the cut line 108, the cross-section of the insert body 126 at the first interface 132
may be the same as or substantially the same as the cross-section of the body 126 at the
second interface 134. For example, in several embodiments, the chord 144 of the blade
insert 106 at the first interface 132 may be the same as or substantially the same as the
chord 144 at the second interface 134. Similarly, the acrodynamic profile/shape ot the
blade insert 106 at the first interface 132 may be the same as or substantially the same as
the aerodynamic profile/shape of the blade insert 106 at the second interface 134. As
such, when the blade insert 106 1s coupled between the first and second blade segments
102, 104, a smooth, substantially continuous aerodynamic surface may be defined across

the first and second intertaces 132, 134.

10045} Additionally, in several embodiments, the blade insert 106 may be configured
to define a constant or varied cross-section between the first and second interfaces 132,

134. For example, as shown in the illustrated embodiment, the blade insert 106 may be

configured such that the body 126 defines a constant or substantially constant cross-
section between the first and second interfaces 132, 134 (e.g., by defining both a
substantially constant chord 144 and aerodynamic profile/shape between the first and
second interfaces 132, 134). However, in other embodiments, the chord 144 and/or
acrodynamic profile/shape of the blade insert 106 may be varied between the first and
second interfaces 132, 134. For instance, it may be desirable for the blade insert 106 to

define an aerodynamic profile/shape between the first and second interfaces 132, 134 that

11
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differs from the aerodynamic profile/shape of the first and/or second blade segment 102,
104.

[0046] Moreover, the blade insert 106 may also define a body thickness 149. For
example, as shown in FIGS. 5, 8 and 9, a body thickness 149 may be defined between the
inner and outer surfaces of the body 126 of the blade insert 106. Similarly, the first and
second blade segments 102, 104 may also define a body thickness 151. For instance, as
shown in FIGS. 7-9, the first blade segment 102 may define a body thickness 151
between its inner and outer surfaces. In several embodiments, the body thickness 149 of
the blade insert 106 may be the same as or substantially the same as the body thickness
151 of the first and/or second blade segments at their joint ends 110, 112. Thus, in
embodiments in which the blade insert 106 comprises a pre-fabricated component, the
location of the cut line 108 may be selected so as to correspond to the location along the
span 34 of the blade 16 at which its body thickness 151 is equal or substantially equal to
the body thickness 149 of the blade insert 106. However, it should be appreciated that, in
alternative embodiments, the body thickness 149 of the blade insert 106 may differ from
the body thickness 151 of the first and/or second blade segments 102, 104 at its(their)
joint ends 110, 112. For instance, it may be desirable, in one embodiment, for the body
thickness 149 of the blade insert 106 to be greater than the body thickness 151 of both the
first and second blade segments 102, 104 at their joint ends 110, 112. Alternatively, the

body thickness 149 of the blade insert 106 may be less than the body thickness 151 of
both the first and second blade segments 102, 104 at their joint ends 110, 112.

10047] The body 126 of the blade insert 106 may also define a spanwise length 150
along a longitudinal axis 152 extending between 1ts first and second ends 128, 130. In
general, the spanwise length 150 of the body 126 may be selected to provide the rotor
blade assembly 100 increased efficiency (i.c., due to the overall increase in span) while
taking into consideration relevant performance factors and/or operating conditions, such
as the potential increases 1n deflection, thrust and/or torque that may result from the

increased span. Thus, in several embodiments, the spanwise length 150 of the blade

12
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insert 106 may range from about 1 meter (m) to about 20 meters, such as from about 3 m
to about 12 m or from about 5 m to about 8 m and all other subranges therbetween.
However, it 1s foreseeable that the blade insert 106 may be configured such that 1ts length

150 1s less than 1 m or greater than 20 meters.

10048 Additionally, 1n several embodiments, at ieast a portion of the blade insert 106
may be twisted about 1ts longitudinal axis 152 (FIGS. 4 and 6). For example, as shown in
FI1G. 5, 1n one embodiment, the body 126 of the blade insert 106 may be twisted about its
longitudinal axis 152 (e.g., in the direction of arrow 154) such that the orientation of the
chord 144 at the first interface 132 differs from the orientation of the chord 144 at the
second interface 134 by a twist angle 156. Such twisting may allow for the angle of
attack of the rotor blade assembly 100 to be optimized, thereby increased its overall

performance.

[0049] Moreover, 1n several embodiments, at least a portion of the blade insert 106
may be curved relative to its longitudinal axis 152. For example, as shown in FIG. 6, the
body 126 of the blade insert 106 may be curved relative to its longitudinal axis 152 such
that the blade insert 106 defines an amount of pre-bend 158 between the first and second
interfaces 132, 134. Such pre-bend 158 may be utilized to angle the rotor blade assembly
100 away from the tower 12 of a wind turbine 10 (FIG. 1), thereby increasing the tower

clearance and decreasing the likelihood of a tower strike.

10050] In addition, or as an alternative, to being pre-bent, the blade insert 106 may
also be curved or swept in the chordwise direction (i.e., the direction extending between
the leading and trailing edges 140, 142 of the blade insert 102). For example, as shown
in F1G. 15, the blade insert 106 may be swept such that a sweep angle 190 1s defined
between the longitudinal axis 152 of the blade insert 106 and the longitudinal axis of the
first blade segment 102. Such sweeping of the blade insert 106 may be utilized to lower
the pitching or torque load on the pitch system of the rotor blade assembly 100 or to help

reduce overall loading on the wind turbine.

13
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[0051]  Further, in addition to defining an acrodynamic profile/shape, the blade insert
106 may also be configured to include various other acrodynamic features (not shown).
For instance, in several embodiments, the blade insert 106 may include one or more
spoilers, vortex generators and/or other aerodynamic surface features. In another

embodiment, the blade insert 106 may include one or more auxiliary airfoils mounted to

the body 126.

|0052] [t should be appreciated that the blade insert 106 may generally be formed
from any suitable material(s), such as by being formed from the same material(s) used to
form the first and second blade segments 102, 104. However, in several embodiments, it
may be desirable to form at least a portion of the blade insert 106 from a material(s)
having a greater stiffness (e.g., a greater flexural rigidity) than the material(s) used to
form the first and second blade segments 102, 104. For example, in one embodiment,
one or more of the spar caps 146 of the blade insert 106 may be formed from a
material(s) having a greater stiffness than the material(s) used to form the first and second
blade segments 102, 104, such as by forming the spar cap(s) 146 from a fiber-reinforced
composite material(s) (e.g., a carbon or glass fiber reinforced composite) that has a
areater stiffness than the fiber-reinforced composite material(s) used to form the blade
segments 102, 104. Thus, the stiffness of the blade insert 106 may be configured to be
greater than the stiffness of the first blade segment 102 at its joint end 110 and/or the
stiffness of the second blade segment 104 at its joint end 112. Such increased stiffness
may generally increase the rigidity of the rotor blade assembly 100 and may also decrease

the tip deflection of the assembly 100.

10053] Additionally, in several embodiments, the material(s) and/or configuration of
the blade insert 106 may be designed such that the insert 106 has a constant or

substantially constant stiffness or flexural rigidity (EI) along its length 150. Moreover, in
one embodiment, the blade insert 106 may be designed such that its flexural rigidity 1s
substantially equal to the flexural rigidity of the first blade segment 102 at its joint end
110 and/or the second blade segment 104 at 1ts joint end 112.

14
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10054] Moreover, it should be appreciated that the blade insert 106 may generally be
configured to be coupled to first and second blade segments 102, 104 using any suitable
attachment means and/or method known in the art. For example, FIGS. 7 and 8 illustrate
one embodiment of an attachment means/method that may be utilized to attach the blade
insert 106 to the joint ends 110, 112 of the first and second blade segments 102, 104, In
particular, FIG. 7 1llustrates a partial, perspective view of the joint end 110 of the first
blade segment 102 and the first end 128 of the blade insert 106. Additionally, FIG. 8
1llustrates a cross-sectional view of the blade segment 102 and blade insert 106 shown in
FIG. 7 after such components have been assembled together. It should be appreciated
that, although FIGS. 7 and 8 will be described below with reference to forming a joint at
the first interface 132 defined between the first blade segment 102 and the blade insert
106, the same or similar features, components and/or configuration may also be utilized

to form a joint at the second interface 134 defined between the second blade segment 104

and the blade insert 106.

|0055] As shown, 1n several embodiments, the blade insert 106 may be coupled to the
first blade segment 102 by forming a scart joint at the first interface 132. Specifically,
one or more tapered or scarfed sections 160, 162, 164, 166 may be formed along the outer
perimeter of the first blade segment 102 at 1ts joint end 110 and along the outer perimeter
of the blade insert 106 at 1ts first end 128. For example, as particularly shown in FIG. 7,

scarfed sections 160, 162 may be formed at the first joint end 110 along the pressure

and/or suction sides 26, 28 of the first blade segment 102, such as by forming a scarfed
section 160 at a spar cap location on the pressure and/or suction sides 26, 28 of the first
joint end 110 (e.g., by forming the scarfed section(s) 160 so as to be aligned
longitudinally with each spar cap 40 of the blade segment 102) and/or by forming a
scarfed section 162 at a trailing edge location on the pressure and/or suction sides 26, 28
of the first joint end 110 (e.g., by forming the scarfed section(s) 162 at a location
substantially adjacent to the trailing edge 32 of the blade segment 102). In such an
embodiment, corresponding scarfed sections 164, 166 may also be formed at the first end

128 of the blade insert 106, such as by forming a scarfed section 164 at a spar cap
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location on the pressure and/or suction sides 136, 138 of the first end 128 that
corresponds to the scarfed section(s) 160 formed in the blade segment 102 and/or by
forming a scarfed section 166 at a trailing edge location on the pressure and/or suction
sides 136, 138 of the first end 128 that corresponds to the scarfed section(s) 162 formed
1n the blade segment 102. As such, the scarfed section(s) 160, 162 formed at the joint
end 110 of the blade segment 102 may be aligned with the scarfed section(s) 164, 166
formed at the end 128 of the blade insert 106 when the blade segment 102 and blade

insert 106 are assembled together.

[0056] [t should be appreciated that, that although the illustrated embodiment show
the blade segment 102 and the blade insert 106 as each including a pair of scarfed

sections 160, 162, 164, 166 at both the spar cap and trailing edge locations, the blade
segment 110 and blade insert 106 may generally include any number of scarfed sections
formed at any suitable location along the outer circumference of the ends 110, 128 of
such components. For example, in one embodiment, the blade segment 102 and the blade

insert 106 may be scarfed around the entire outer circumference of their ends 110, 128.

10057) It should also be appreciated that the scarfed sections 160, 162, 164, 166 may

generally be formed using any suitable manufacturing process known in the art. For
example, in several embodiments, a grinding, cutting or other machining process may be
used to remove material along the outer circumference of the blade segment 102 and the

blade insert 106 such that each scarfed section 160, 162, 164, 166 tapers from a transition
point 168 to the end 110, 128 of the blade segment 102 or blade insert 106.

[0058] As particularly shown in FIG. 8, when the blade segment 102 and blade 1nsert
106 are posttioned together such that the corresponding scarfed sections 160, 162, 164,
166 are aligned with one another, a tapered coupling 170 may be secured across each pair
of aligned scarfed sections 160, 162, 164, 166 in order to couple the blade insert 106 to
the blade segment 102. Specifically, as shown, each tapered coupling 170 may be

configured to extend across the interface 132 defined between the blade segment 102 and
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the blade insert 106 so as to fill the area defined by the aligned scarfed sections 106, 162,
164.

10059] In several embodiments, each tapered coupling 170 may comprise a pre-
fabricated component configured to be separately secured within each pair of aligned
scarfed sections 160, 162, 164, 166, such as by securing each tapered coupling 170 within
each pair of aligned scarfed sections 160, 162, 164, 166 using suitable adhesives and/or
mechanical fasteners (e.g., bolts, screws, pins, rivets, brackets and/or the like).
Alternatively, each tapered coupling 170 may be formed or otherwise built-up within
cach pair of aligned scarfed sections 160, 162, 164, 166. For instance, in one
embodiment, each tapered coupling 170 may be formed using a wet lay-up process,
wherein a plurality of plies (including a reinforcement material such as glass or carbon
fibers) are positioned across and/or within the aligned scarfed sections 160, 162, 164, 166
and a resin or other suitable matrix matenial 1s rolled over or otherwise applied to the

surface of the plies and allowed to cure.

10060] Additionally, in several embodiments, the rotor blade assembly 100 may also
include various other structural components to enhance the strength of the joints formed
between the blade segments 102, 104 and the blade insert 106. For example, as shown in
FIG. 7, in one embodiment, a leading edge insert 172 may be installed across the first
interface 132 and/or the second interface 134 at the leading edges 30, 140 of the blade
segment(s) 102, 104 and the blade insert 106. Specifically, as shown, the leading edge

insert 172 may define a curved profile generally corresponding to the curved profiles of
the leading edges 30, 140 of the blade segment(s) 102, 104 and the blade insert 106. As
such, the leading edge nsert 172 may be secured across the first interface 132 and/or the
second intertace 134 by coupling the insert 172 to the inner surfaces of the blade

seements 102, 104 and the blade insert 106 using suitable adhesives and/or mechanical

fasteners.

100611 Moreover, 1n several embodiments, the rotor blade assembly 100 may also
include one or more shear web couplings 174 configured to be secured to the shear webs
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38, 148 of blade segments 102, 104 and the blade insert 106. For example, as shown n
FIGS. 7 and 8, first and second shear web couplings 174 may be secured to each side of
the shear webs 38, 148 (e.g., using a suitable adhesive and/or mechanical fasteners) so as

to extend across the first and/or second interface 132, 134.

[0062] As an alternative to forming the scarf joint described above, it should be
appreciated that any other suitable joint configuration may be used to couple the blade
insert 106 to the first and second blade segments 102, 104. For example, FIG. 9
illustrates a cross-sectional view of one embodiment of a doubler joint that may be
formed at the interfaces 132, 134 defined between the blade insert 106 and the first and
second blade segments 102, 104. Similar to the embodiment described above, it should
be appreciated that, although FIG. 9 will be described below with reference to forming a
joint at the first interface 132 defined between the first blade segment 102 and the blade
insert 106, the same or similar features, components and/or configuration may also be
utilized to form a joint at the second interface 134 defined between the second blade

segment 104 and the blade insert 106.

|0063] As shown in FIG. 9, in several embodiments, one or more outer doublers 176
may be secured to an outer surface 178 of the blade segment 102 and an outer surtace 180
of the blade insert 106 so as to extend across the first interface 132, such as by securing
one or more outer doublers 176 across the interface 132 on the suction sides 28, 138 of

the blade segment 102 and the blade insert 106 and/or by securing one or more outer
doublers 176 across the interface 132 on the pressure sides 26, 138 of the blade segment
102 and the blade insert 106. In such embodiments, it should be appreciated that the
outer doublers 176 may generally be positioned at any suitable location around the outer
circumference of the interface 132. However, in a particular embodiment, the outer
doublers 176 may be secured across the interface 132 at a spar cap location of the blade

segment 102 and the blade insert 106 such that the outer doublers 176 are longitudinally

aligned with the spar caps 40, 146.
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10064 ] Additionally, as shown in FIG. 9, one or more inner doublers 182 may be
secured to an inner surface 184 of the blade segment 102 and an inner surface 186 of the
blade 1nsert 106 so as to extend across the first interface 132, such as by securing on¢ or
more inner doublers 182 across the interface 132 on the suction sides 28, 138 of the blade
segment 102 and the blade insert 106 and/or by securing one or more inner doublers 182
across the interface 132 on the pressure sides 26, 136 of the blade segment 102 and the
blade insert 105. Similar to the outer doublers 176, the inner doublers 182 may generally
be positioned at any suitable location around the inner circumference of the interface 132.
For example, in a particular embodiment, a pair of inner doublers 182 (one of which is
shown) may be secured across the interfacel32 so as to extend longitudinally adjacent to
the sides of the shear webs 38, 148 on both the pressure and suction sides 26, 28, 136,
138 of the blade segment 102 and the blade insert 106.

[0065] It should be appreciated that the doublers 176, 182 may generally have any
suitable configuration that permits such components to function as described herein. For
example, in one embodiment, the doublers 176, 182 may have a tapered configuration. In
such an embodiment, as shown in FIG. 9, each doubler 176, 182 may generally define a
triangular cross-sectional shape, with the cross-sectional thickness of the doublers 176.
182 increasing towards the interface 132. However, in other embodiments, the doublers
176, 182 may have any other suitable configuration, such as by defining a rectangular

cross-sectional shape with a generally constant cross-sectional thickness.

[0066] It should also be appreciated that, in several embodiments, the doublers 176,
182 may comprise pre-fabricated components configured to be separately secured (e.g.,
using suitable adhesives and/or mechanical fasteners) to the inner and/or outer surtaces
184, 186, 178, 180 of the blade segments 102, 104 and the blade insert 106.

Alternatively, the doublers 176, 182 may be formed directly onto the inner and/or outer
surfaces (e.g., suitable adhesives and/or mechanical tasteners. For instance, 1in a
particular embodiment, each doubler 176, 182 may be formed using a wet lay-up process,

wherein a plurality of plies (including a reinforcement material such as glass or carbon
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fibers) are positioned across the inner and/or outer surfaces 184, 186, 178, 180 and a resin

or other suitable matrix material is rolled over or otherwise applied to the surface of the

plies and allowed to cure.

[0067]  Additionally, it should be appreciated that the illustrated doubler joint may
also be utilized with one or more of the components and/or features described above with
reference to FIGS. 7 and 8. For example, in one embodiment, a doubler joint may be
formed across a spar cap location on the blade segments 102, 104 and the blade insert 106
and a scarf joint may be formed across a trailing edge location on the blade segments 102,
104 and the blade 1nsert 106. Additionally, in another embodiment, a leading edge insert
172 and/or shear web couplings 174 may be utilized together with the above-described

doubler joint.

|0068] Moreover, one of ordinary skill in the art should readily appreciate that the
blade segments 102, 104 and the blade insert 106 may be coupled together using any
other suitable joint technology and/or attachment means/method known in the art and,
thus, the present subject matter need not be limited to the specific examples described
above with reference to FIGS. 7-9. For example, in another embodiment, the ends 128,
130 of the blade insert 106 may be tapered or recessed so that such ends 128, 130 may be
recerved within the blade segments 102, 104 at each interface 132, 134 or vice versa. In
another embodiment, suitable male/female mating features may be utilized to couple the

blade 1nsert 106 to each of the blade segments 102, 104.

[0069] [t should also be appreciated that the present subject matter 1s also directed to
a method for extending the length of a rotor blade 16. In several embodiments, the
method may include dividing a rotor blade 16 at a specified location (e.g., at cut line 108)
into a first blade segment 102 and a second blade segment 104, coupling a first end 128
of a blade insert 106 to a joint end 110 of the first blade segment 102 such that a first
interface 132 is defined between the blade insert 106 and the first blade segment 102 and
coupling a second end 130 of the blade insert 106 to a joint end 112 of the second blade

segment 104 such that a second interface 134 is defined between the blade insert 106 and
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the second blade segment 104. Additionally, the present subject matter also discloses a
method for retrofitting a rotor blade 16 of a wind turbine 10. In several embodiments, the
method may include cutting the rotor blade 16 at a specified location (e.g., at cut line
108) in order to form a root segment 102 and a tip segment 106 and positioning a blade
insert 106 between the root segment 102 and the tip segment 104. In other embodiments,
the method for retrofitting the rotor blade 16 may include removing a section 188 of the
rotor blade 16 between a blade root 20 and a blade tip 22 of the rotor blade 16 and

positioning a blade insert 106 at the location of the removed section 188 of the rotor

blade 16.

10070] As 1ndicated above, in several embodiments, a pre-existing rotor blade 16 may
be divided into the first and second blade segments 102, 104 by cutting the rotor blade 16
into two separate blade sections (e.g., at the cut line 108). In such embodiments, the rotor
blade 16 may generally be cut into the two separate blade sections using any suitable
cutting means and/or process known in the art. For example, in one embodiment, the
rotor blade 16 may be cut using any suitable hand-held cutting equipment (e.g., by using
any suitable manual cutting devices, such as saws, knives, etc., and/or automatic cutting
devices, such as electric or gas-powered saws, grinders, etc.) and/or using any suitable

cutting machinery (e.g., an EDM machine, water jet cutting machine, etc.).

|0071] Moreover, in several embodiments, a section of a pre-existing rotor blade 16

may be removed prior to installing the blade insert 102. For example, in addition to
cutting the rotor blade 16 in order to form the first and second blade segments 102, 104,
further processing of one or more of the blade segments 102, 104 may also be performed
prior to coupling the blade insert 106 to the blade segments 102, 104. Specifically, 1n one
embodiment, at least a portion of the joint end(s) 110, 112 of the first and/or second blade
segment 102, 104 may be removed after the rotor blade 15 is initially divided. For

instance, as shown in FIG. 10, in one embodiment, the rotor blade 16 may be initially cut
along the cut line 108 in order to divide the blade 16 into the first and second blade

segments 102, 104. Thereafter, a section 188 of the second blade segment 104 (or, in an
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alternative embodiment, a section of the first blade segment 102) may be removed at 1ts
joint end 112 (e.g., by cutting the second blade segment 104 along line 192) such that the
second blade segment 104 defines a new joint end 192 having a chord 116 that ditters
from the chord 114 defined at the joint end 110 of the first blade segment 102. In such an
embodiment, it should be appreciated that, in contrast to the embodiments described
above, the blade insert 106 may define a varying chord 144 along its length 150. For
example, as shown in FIG. 11, the blade insert 106 may define a chord 144 at the first
interface 132 that is larger than the chord 144 defined at the second interface 134. In
addition, other parameters of the blade insert 106 may also be varied along its length 150,
such as the body thickness 149, the aerodynamic shape/profile and/or any other suttable

parameter.

[0072] It should be appreciated that the disclosed methods may also include various
other method elements, such as dividing the rotor blade 16 at a specified location between
about 40% to about 95% of an original span 34 of the rotor blade 16, dividing the rotor
blade 16 at a specified location outboard of a maximum chord location 122 for the rotor
blade16 , dividing the rotor blade 16 at a specified location such that a center of gravity
124 of the rotor blade 16 is positioned within the first blade segment 102, forming a
scarfed section 160, 162 in at least one of the first blade segment 102 or the second blade
segment 104, forming a corresponding scarfed section 164, 166 in the blade insert 102,

aligning the scarfed section 160, 162 of the at least one of the first blade segment 102 or
the second blade segment 104 with the scarfed section 164, 166 of the blade insert 102,

positioning a tapered coupling 170 across the aligned scarfed sections 160, 162, 164, 166,
positioning a doubler 176, 182 across at least one of the first interface 132 or the second
interface 134, positioning a leading edge insert 172 across at least one of the first
interface 132 or the second interface 134 and/or coupling a shear web 148 of the blade

insert 106 to a shear web 38 of the at least one the first blade segment 102 or the second

blade segment 106.
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[0073] It should also be appreciated that the disclosed rotor blade assembly 100 may
also be modified to include a tip extension (e.g., a straight tip extension or a winglet) or a
root extension in addition to the blade insert 106 coupled between the first and second

blade segments.

10074] Additionally, it should be appreciated that, as an alternative to configuring the
blade insert 106 such that it defines a constant cross-section along its length 150 (as
shown in FIG. 4) or a continuously varying cross-section along its length 150 (as shown
in FIG. 11), the blade insert 106 may also be configured to have both constant and
varying cross-sections along its length 150. For instance, in several embodiments, the
blade insert 106 may be configured to transition from a constant cross-section to a
varying cross-section between the first and second interfaces 132, 134. Specifically, as
shown in FIG. 12, in one embodiment, the blade insert 106 may transition along its length
150 from a constant portion 280, wherein the blade insert 106 defines a constant chord
144 and/or a constant aerodynamic shape/profile, to a varying portion 282, wherein the
blade insert 106 defines a varying chord 144 and/or a varying aerodynamic shape/protile.
As shown in the illustrated embodiment, the constant portion 280 extends from the first
interface 132 and the varying portion 282 extends from the second interface 134.
However, in an alternative embodiment, the blade insert 106 may be configured such that
the varying portion 282 extends from the first interface 132 and the constant portion 280

extends from the second interface 134.

[0075] Moreover, in further embodiments, the blade insert 106 may be configured to
transition from a constant cross-section to a varying cross-section at more than one
location along its length 150. For instance, as shown in FIG. 13, in one embodiment, the
blade insert 106 may transition from a constant portion 280 extending from the first
interface 132 to a varying portion 282 and then back to a constant portion 280.
Alternatively, as shown in FIG. 14, the blade insert 106 may transition trom a varying
portion 282 extending from the first interface 132 to a constant portion 280 and then back
to a varying portion 280. It should be appreciated that, in further embodiments, the blade
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insert 106 may be configured to transition from a constant cross-section to a varying

cross-section at three or more locations along 1ts length 150.

[0076]  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 1s defined by the claims, and may include
other examples that occur to those skilled 1n 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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WHA'T IS CLAIMED IS:

]. A rotor blade assembly, comprising:

a first blade segment having a first joint end;

a second blade segment having a second joint end; and,

a blade 1nsert having a first end coupled to the first joint end such that a first
interface 1s defined between the blade insert and the first blade segment and a second end
coupled to the second joint end such that a second interface is defined between the blade
insert and the second blade segment, the blade insert defining a chord, the chord at the

first interface being substantially equal to the chord at the second interface.

2. The rotor blade assembly of claim 1, wherein the chord of the blade

insert 1s substantially constant between the first and second interfaces.

3. The rotor blade assembly of claim 1, wherein the blade insert defines an
airfoil-shaped cross-section, the airfoil shaped cross-section at the first interface being

substantially the same as the airfoil-shaped cross-section at the second interface.

4, The blade 1nsert of claim 3, wherein the airfoil-shaped cross-section of

the blade insert 1s substantially constant between the first and second interfaces.

5. The rotor blade assembly of claim 1, wherein the blade insert defines a

[ength between the first and second ends ranging from about 1 meter to about 20 meters.

6. The rotor blade assembly of claim 1, wherein the first blade segment
defines a first length and the second blade segment defines a second length, the first and
second lengths together defining a total segment span, wherein the first length ranges

from about 40% to about 95% of the total segment span.

7. The rotor blade assembly of claim 1, wherein the first blade segment

defines a maximum chord location for the rotor blade assembly.

23



CA 02806793 2013-02-21
2591674

8. The rotor blade assembly of claim 1, wherein a center of gravity of the

rotor blade assembly is positioned within the first blade segment.

9. The rotor blade assembly of claim 1, wherein the blade insert defines a
longitudinal axis between the first and second ends, at least a portion of the blade insert

being twisted about the longitudinal axis.

10.  The rotor blade assembly of claim 1, wherein the blade insert defines a
longitudinal axis between the first and second ends, at least a portion of the blade insert

being curved relative to the longitudinal axis.

11.  The rotor blade assembly of claim 1, wherein at least a portion of the
blade insert is formed from a material having a greater stiffness than a material used to

form the first and second blade segments.

12.  The rotor blade assembly of claim 1, wherein the blade insert has a

constant stiftness between the first and second interfaces.

13.  The rotor blade assembly of claim 1, wherein the first blade segment

comprises a root segment and the second blade segment comprises a tip segment.

14. A blade insert for coupling a first blade segment to a second blade
segment, the blade insert comprising:

an acrodynamic body extending between a first end configured to be coupled
to the first blade segment and a second end configured to be coupled to the second blade
segment, the aerodynamic body including a pressure side and a suction side extending
between a leading edge and a trailing edge, the aerodynamic body defining a chord, the

chord at the first end being substantially equal to the chord at the second end.

15.  The blade insert of claim 14, wherein the chord is substantially constant

between the first and second ends.
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16.  The blade insert of claim 14, wherein the aerodynamic body defines an
atrfoil-shaped cross-section, the airfoil shaped cross-section at the first end being

substantially the same as to the airfoil-shaped cross-section at the second end.

17.  The blade 1nsert of claim 14, wherein the aerodynamic body defines a

length between the first and second ends ranging from about 1 meter to about 20 meters.

18.  The blade insert of claim 14, wherein the aerodynamic body defines a
longitudinal axis between the first and second ends, at least a portion of the aecrodynamic

body being twisted about the longitudinal axis.

19.  The blade insert of claim 14, wherein the acrodynamic body defines a
[ongitudinal axis between the first and second ends, at least a portion of the aecrodynamic

body being curved relative to the longitudinal axis.

20. A rotor blade assembly, comprising:

a first blade segment having a first joint end;

a second blade segment having a second joint end; and,

a blade insert having a first end coupled to the first joint end such that a first
interface 1s defined between the blade insert and the first blade segment and a second end
coupled to the second joint end such that a second interface 1s defined between the blade
insert and the second blade segment,

wherein a stiffness of the blade insert 1s greater than a stiffness of at least one
of the first blade segment at the first joint end or the second blade segment at the second

joint end.

21. A rotor blade assembly, comprising:

a first blade segment having a first joint end;

a second blade segment having a second joint end; and,

a blade insert having a first end coupled to the first joint end such that a first

interface is defined between the blade insert and the first blade segment and a second end
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coupled to the second joint end such that a second interface is defined between the blade
insert and the second blade segment,
wherelin the blade insert transitions between a constant cross-section and a

varying cross-section between the first and second interfaces.

22.  The rotor blade assembly of claim 21, wherein the blade insert
transitions between a constant cross-section and a varying cross-section at more than one

location between the first and second interfaces.
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