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WO 2017/218936 PCT/US2017/037944
WIND TURBINE ROTOR BLADE

BACKGROUND

[0001] The present subject matter relates generally to wind turbines and particularly to
rotor blade deflection. More particularly, the present subject matter relates to a rotor blade

configured to address rotor blade deflection during operation of a wind turbine.

[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, a generator, a gearbox, a nacelle, and
one or more rotor blades. The rotor blades capture kinetic energy from wind using known airfoil
principles and transmit the kinetic energy through rotational energy to turn a shaft coupling the
rotor blades to a gearbox, or if a gearbox is not used, directly to the generator. The generator

then converts the mechanical energy to electrical energy that may be deployed to a utility grid.

[0003] 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 is generally
understood, 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 is operating in 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. A tower
strike can significantly damage a rotor blade and the tower and, in some instances, can even
bring down the entire wind turbine. Accordingly, a tower strike may result in considerable

downtime to repair or replace damaged components.

[0004] Known wind turbine systems commonly determine rotor blade deflection by
utilizing external sensors, which are typically mounted on the rotor blades or on the tower. These
sensors are designed to sense rotor blade operating conditions (e.g. blade strain, blade
acceleration or blade velocity) to enable blade deflection to be inferred or calculated. In other
instances, the sensors are designed to sense the distance of the rotor blade from the tower during
operation. Action may be taken as a result of the sensed data to minimize the risk of the rotor

blade impacting the tower. However, maintaining the sensors can be very costly and calibrating
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such sensors can be quite complex and time consuming. Moreover, since the sensors must be
calibrated frequently, there is a concern with regard to the reliability of data transmitted from the

sensors over an extended period of time.

[0005] Accordingly, there is a need for a means to address wind rotor blade deflection

without the excessive complexity and costs of calculating deflection during operation.

BRIEF DESCRIPTION
[0006] These and other shortcomings of the prior art are addressed by the present

disclosure, which includes a wind turbine rotor blade including a breakaway tip portion.

[0007] Briefly, one aspect of the present disclosure resides in a rotor blade of a wind
turbine. The rotor blade including a plurality of exterior surfaces defining a blade body having a
pressure side, a suction side, a leading edge and a trailing edge. The blade body extending
between a blade tip and a blade root. The rotor blade defining a span and a chord. The blade
body including a breakaway tip portion defined by a predetermined breaking point, wherein the
breakaway tip portion is configured to break away from the remaining portion of the blade body

when subject to a predetermined tower strike load.

[0008] Another aspect of the disclosure resides in a wind turbine. The wind turbine
including a plurality of rotor blade assemblies. At least one of the rotor blade assemblies
including a suction side surface and a pressure side surface, and defining a span and a chord.

The suction side surface and the pressure side surface defining a blade body extending between a
blade tip and a blade root. The blade body including a predetermined breaking point, defined by
a reduced strength margin in the blade body, at which a breakaway tip portion may break away

from a bulk of the blade body under a predetermined load condition.

[0009] Yet another aspect of the disclosure resides in a wind turbine. The wind turbine
including a tower; a hub; and at least one rotor blade rotatably connected to the hub. The at least
one rotor blade rotatable in response to wind impinging upon said at least one rotor blade. The

at least one rotor blade including a suction side surface and a pressure side surface, and defining
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a span and a chord. The suction side surface and the pressure side surface defining a blade body
extending between a blade tip and a blade root. The blade body including a predetermined
breaking point, defined by a reduced strength margin in the blade body, at which a breakaway tip

portion may break away from a bulk of the blade body under a predetermined load condition.

[0010] Various refinements of the features noted above exist in relation to the various
aspects of the present disclosure. Further features may also be incorporated in these various
aspects as well. These refinements and additional features may exist individually or in any
combination. For instance, various features discussed below in relation to one or more of the
illustrated embodiments may be incorporated into any of the above-described aspects of the
present disclosure alone or in any combination. Again, the brief summary presented above is
intended only to familiarize the reader with certain aspects and contexts of the present disclosure

without limitation to the claimed subject matter.

DRAWINGS

[0011] These and other features, aspects, and advantages of the present disclosure will
become better understood when the following detailed description is read with reference to the
accompanying drawings in which like characters represent like parts throughout the drawings,

wherein:

[0012] FIG. 1 illustrates a perspective view of one embodiment of a wind turbine, in

accordance with one or more embodiments shown or described herein;

[0013] FIG. 2 illustrates a schematic cross-sectional view of a portion of the wind turbine
shown in FIG. 1, and more particularly a rotor blade coupled to a wind turbine hub, in

accordance with one or more embodiments shown or described herein;

[0014] FIG. 3 illustrates a perspective view of one of the rotor blades of the wind turbine

shown in FIG. 1, in accordance with one or more embodiments shown or described herein,;
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[0015] FIG. 4 illustrates a schematic perspective view of a tip portion of the wind rotor
blade body according to an embodiment, in accordance with one or more embodiments shown or

described herein;

[0016] FIG. 5 illustrates a schematic perspective view of a tip portion of a wind rotor
blade body according to another embodiment, in accordance with one or more embodiments

shown or described herein,;

[0017] FIG. 6 illustrates a schematic perspective view of a tip portion of a wind rotor
blade body according to another embodiment, in accordance with one or more embodiments

shown or described herein,;

[0018] FIG. 7 illustrates a schematic perspective view of a tip portion of a wind rotor
blade body according to another embodiment, in accordance with one or more embodiments

shown or described herein,;

[0019] FIG. 8 illustrates a schematic perspective view of a tip portion of a wind rotor
blade body according to another embodiment, in accordance with one or more embodiments

shown or described herein,;

[0020] FIG. 9 illustrates a schematic perspective view of a load carrying structural
component for use in a wind rotor blade according to another embodiment, in accordance with

one or more embodiments shown or described herein; and

[0021] FIG. 10 illustrates a schematic perspective view of a load carrying structural
component for use in a wind rotor blade according to another embodiment, in accordance with

one or more embodiments shown or described herein.

DETAILED DESCRIPTION
[0022] Reference now will be made in detail to embodiments of the disclosure, one or

more examples of which are illustrated in the drawings. Each example is provided by way of
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explanation of the disclosure, not limitation of the disclosure. In fact, it will be apparent to those
skilled in the art that various modifications and variations can be made in the present disclosure
without departing from the scope or spirit of the disclosure. 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 disclosure covers such modifications and

variations as come within the scope of the appended claims and their equivalents.

[0023] In general, the present disclosure is directed to a wind turbine rotor blade that
addresses deflection in the rotor blade. The rotor blade comprises a plurality of exterior surfaces
defining a blade body having a pressure side, a suction side, a leading edge and a trailing edge.
The rotor blade body is configured extending between a blade tip and a blade root. The rotor
blade body includes a breakaway tip portion defined by a predetermined breaking point. The
breakaway tip portion is configured to break away from the remaining portion of the blade body

when subject to a predetermined tower strike load.

[0024] Referring now to the drawings, FIG. 1 illustrates a perspective view of one
embodiment of a wind turbine 10, according to an embodiment. As shown, the wind turbine 10
is a horizontal-axis wind turbine. However, it should be appreciated that the wind turbine 10 may
be a vertical-axis wind turbine. As shown, the wind turbine 10 generally includes a tower 12
that extends from a support system 13, a nacelle 14 mounted on the tower 12, and a rotor 16
coupled to the nacelle 14. The rotor 16 includes a rotatable hub 18 and at least one rotor blade 20
coupled to and extending outwardly from the hub 18. For example, in the illustrated
embodiment, the rotor 16 includes three rotor blades 20. However, in an alternative embodiment,
the rotor 16 may include more or less than three rotor blades 20. Each rotor blade 20 may be
spaced about the hub 18 to facilitate rotating the rotor 16 to enable kinetic energy to be
transferred from an oncoming wind 28 into usable mechanical energy, and subsequently,
electrical energy. For instance, the hub 18 may be rotatably coupled to an electric generator (not

illustrated) positioned within the nacelle 14 to permit electrical energy to be produced.

[0025] Additionally, in the illustrated embodiment, the tower 12 is fabricated from

tubular steel to define a cavity (not illustrated) between the support system 13 and the nacelle 16.
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In an alternative embodiment, the tower 12 may be any suitable type of tower having any

suitable height.

[0026] The rotor blades 20 may generally have any suitable length that enables the wind
turbine 10 to function as described herein. For example, in one embodiment, the rotor blades 20
may have a length ranging from about 15 meters (m) to about 91m. However, other non-limiting
examples of blade lengths may include 10m or less, 20m, 37m or a length that is greater than
91m. Additionally, the rotor blades 20 may be spaced about the hub 18 to facilitate rotating the
rotor 16 to enable kinetic energy to be transferred from the wind 28 into usable mechanical
energy, and subsequently, electrical energy. Specifically, the hub 18 may be rotatably coupled to
an electric generator (not illustrated) positioned within the nacelle 14 to permit electrical energy
to be produced. Further, the rotor blades 20 may be mated to the hub 18 by coupling a blade root
portion 22 to the hub 18 at a plurality of load transfer regions 24. Thus, any loads induced to the

rotor blades 20 are transferred to the hub 18 via the load transfer regions 24.

[0027] As shown in the illustrated embodiment, the wind turbine 10 may also include a
turbine control system or turbine controller 26 centralized within the nacelle 16. However, it
should be appreciated that the controller 26 may be disposed at any location on or in the wind
turbine 10, at any location on the support system 13 or generally at any other location. The
controller 26 may be configured to control the various operating modes of the wind turbine 10
(e.g., start-up or shut-down sequences). Additionally, the controller 26 may be configured to
control a pitch angle or blade pitch of each of the rotor blades 20 (i.e., an angle that determines a
perspective of the rotor blades 20 with respect to the direction of the wind 28) to control the load
and power generated by the wind turbine 10 by adjusting an angular position of at least one rotor
blade 20 relative to the wind 28. For instance, the controller 26 may control the blade pitch of the
rotor blades 20, either individually or simultaneously, by controlling a pitch adjustment system
30. A plurality of pitch axes 32 for the rotor blades 20 are shown. Further, as the direction of the
wind 28 changes, the controller 26 may be configured to control a yaw direction of the nacelle
14 about a yaw axis 34 to position the rotor blades 20 with respect to the direction of the wind
28. For example, the controller 26 may control a yaw drive mechanism (not illustrated) of the

nacelle 14 in order to rotate the nacelle 14 about the yaw axis 34.
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[0028] Referring more specifically to FIG. 2, during operation of the wind turbine 10,
wind 28 strikes the rotor blades 20 from a direction, which causes the rotor 16 to rotate about an
axis of rotation 36. As the rotor blades 20 are rotated and subjected to centrifugal forces, the
rotor blades 20 are also subjected to various forces and bending moments. As such, the rotor
blades 20 may deflect from a neutral, or non-deflected, position, as indicated at 38, to a deflected
position, as indicated at 40. For example, a non-deflected blade clearance distance 42, represents
the distance between the rotor blades 20 and the tower 12 when the rotor blades 20 are in the
non-deflected position 38. This distance 42 may be referred to as the static tip clearance, Ctip stat .
However, forces and bending moments acting on the rotor blades 20 may cause the rotor blades
20 to deflect towards the tower 12, reducing the overall blade clearance, as indicated by
deflected blade clearance distance 44. As aerodynamic loads increase, excessive forces and
bending moments may cause one or more of the rotor blades 20 to strike the tower 12 resulting

in significant damage and downtime.

[0029] In an embodiment, the maximum elastic deflection toward the tower 12 shall be
determined for the load case using the characteristic loads. The resulting deflection is then
multiplied by the combined partial safety factor for loads, material and consequences of failure.

The allowable tip deflection depends, as % of the static clearance, on the type of load case (%),

1
on the level of testing (¥'m) and on the consequence of failure (Y1), where Yt Fk < > where

Fxis equal to a maximum elastic deflection as % of the static clearance C tip stat, caused by the

characteristic loads.

[0030] Referring now to FIG. 3, a partial cross-sectional view of a portion of the wind
turbine shown in FIG. 1, and more particularly a rotor blade 20, is illustrated in accordance with
aspects of the disclosure disclosed herein. A plurality of exterior surfaces 48 define a blade body
50 that may extend lengthwise between a blade root 52 and the blade tip 54 and may generally
serve as the outer shell of the rotor blade 20. As is generally understood, the blade body 50 may
define an aerodynamic profile (e.g., by defining an airfoil shaped cross-section, such as a
symmetrical or cambered airfoil-shaped cross-section) to enable the rotor blade 20 to capture

kinetic energy from the wind using known aerodynamic principles. Thus, the blade body 50 may
7



WO 2017/218936 PCT/US2017/037944

generally include a pressure side 56 and a suction side 58 extending between a leading edge 60
and a trailing edge 62. Additionally, the rotor blade 20 may have a span 64 defining the total
length of the body 50 between the blade root 52 and the blade tip 54 and a chord 66 defining the
total length of the body 50 between the leading edge 60 and the trailing edge 62. As is generally
understood, the chord 66 may vary in length with respect to the span 64 as the body 50 extends
from the blade root 52 to the blade tip 54.

[0031] As previously described, with the desire to increase blade length for improved
energy output, the deflection of the rotor blade 20 presents as an issue. Longer rotor blades may
be subject to increased deflection forces, increasing the risk of the rotor blade striking the tower.
As described herein, in an effort to address deflection in the rotor blade, the rotor blade 20
includes a portion that may be broken off during an impact event of the rotor blade 20 with the
tower 12 due to blade deflection. More particularly, as illustrated, in an embodiment the rotor
blade 20, and in particular the blade body 50, includes a predetermined breaking point, indicated
by dashed line 70, at which a breakaway tip portion 72, having a breakaway tip length 74, of the
rotor blade 20 may break away from the bulk of the rotor blade 20 under a predetermined load
condition. This breaking away of the breakaway tip portion 72 upon sufficient deflection to
cause the rotor blade 20 to impact the tower 12 results in minimal, if any, damage to the tower
12. During design of the wind turbine 10, the tower strike loads may be included into the design
loads. Subsequent to impact of the rotor blade 20 with the tower 12, and resulting breaking away
of the breakaway tip portion 72, the breakaway may be detected and the wind turbine 10 can do
an emergency stop. As a next step, the breakaway tip portion 72 may be collected and a new
rotor blade 20, and in many instances, only a new tip portion, may be provided as replacement.
In various disclosed embodiments, as described below with regard to FIGs. 4-10, the breaking
away of the breakaway tip portion 72 may be accomplished by several different means. It
should be noted that the disclosed breaking away of a portion of the rotor blade 20, and more
particularly the breakaway tip portion 72, may be applicable to both modular and one-piece rotor

blade construction.

[0032] As shown, the rotor blade 20 may further include a plurality of root attachment
assemblies 76 for coupling the blade root 20 to the hub 18 of the wind turbine 10. In general,

8
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each root attachment assembly 76 may include a barrel nut and bolt assembly. Alternatively, the
rotor blade 20 may be coupled to a hub extension, or utilize alternative coupling means such as,

but not limited to, press fit, wedge, and/or a combinations of known coupling means.

[0033] One or more specific embodiments of the technique for achieving breaking away
of the breakaway tip portion 72, as a result of rotor blade deflection and impact with the tower
12 will be described below. In an effort to provide a concise description of these embodiments,
not all features of an actual implementation are described in the specification. Referring more
specifically to FIGSs 4-10, illustrated are various embodiments of a breakaway tip portion
configuration in relation to a wind rotor blade. For the sake of simplicity, only a portion of the
wind turbine 10, and in particular, a portion of the rotor blade 20 is shown in FIGs. 4-10. In
addition, it should be noted that identical reference numerals denote the same elements
throughout the various views. It should be appreciated that the breakaway configuration(s)

shown in FIGs. 4-10 may be utilized with any other suitable wind rotor blade structure.

[0034] Referring now to FIG. 4, illustrated is a first embodiment of a breakaway tip
portion 80, generally similar to breakaway tip portion 72 of FIG. 3. In this particular
embodiment, the breakaway tip portion 80 is formed of a material 82 having a reduced strength
margin when compared to the material 83 forming the bulk of the rotor blade 20. The material
82 that forms the breakaway tip portion 80 upon impact with the tower 12 provides for breaking
away of the breakaway tip portion 82 at a predetermined breaking point 84. The material 82 is
an impact load limiting material type, such as comprised of a solid core 86 having a minor
surface structure 88 or skin, enclosing the solid core 86. The material 82 is configured for
predetermined impact loading, up to such point where the load impact causes the material to fail
and breakaway, such as when impacting a tower 12. See for example, PCT Patent Application
No. PCT/US2016/02445, Thomas Merzhaeuser et al., “ROTOR BLADE TIP MOLD
ASSEMBLY INCLUDING SOLID CORE AND METHOD FOR FORMING ROTOR BLADE
TIP”, and PCT Patent Application No. PCT/US2016/02447, Thomas Merzhaeuser et al.,
ROTOR BLADE TIP MOLD ASSEMBLY INCLUDING EXPANDABLE
BLADDERS AND METHOD FOR FORMING ROTOR BLADE TIP”, which are both

incorporated by reference herein in its entirety.
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[0035] Referring now to FIG. 5, illustrated is another embodiment of a breakaway tip
portion 90, generally similar to breakaway tip portion 72 of FIG. 3. As illustrated, an exterior
skin or covering 91 is shown as partially removed to reveal a plurality of perforations (described
presently). In this particular embodiment, the breakaway tip portion 90 is defined by a plurality
of perforations 92. More particularly, the rotor blade 20 (FIG. 3) includes the plurality of
perforations 92 to provide a predetermined breaking point, indicated by dashed line 94. The
plurality of perforations 92 are configured to extend substantially through the complete rotor
blade structure or only partially through the rotor blade structure. In a preferred embodiment,
the perforations do not extend through an exterior skin, so as to provide a weakening of the rotor
blade structure and thus allow for breaking away of the breakaway tip portion 90 at the
predetermined breaking point 94 during deflection of the rotor blade 20 and impact with the
tower 12. The illustrated perforations 92 of FIG. 5 are configured as substantially spherical
openings, spaced a distance one from another. It is anticipated in alternate embodiments, that
any shape, number and spacing of perforations may be provided, as well as depth to which the
perforations are formed in the blade structure, dependent upon blade material and calculated load

at time of impact.

[0036] Referring now to FIG. 6, illustrated is another embodiment of a breakaway tip
portion 100, generally similar to breakaway tip portion 72 of FIG. 3. In this particular
embodiment, the breakaway tip portion 100 includes a load carrying component in which the
geometry is modified to provide for breaking away of the breakaway tip portion 72. More
particularly, in this particular embodiment the breakaway tip portion 100 includes an internal
load carrying structural component 102 (as illustrated in dashed line) disposed within an external
structure 104, such as a skin, or the like. In an embodiment, the internal load carrying structural
component 102, as illustrated in FIG. 6, may be comprised of a plurality of spar caps 106 and an
associated web 108 provided internally of the rotor blade 20. As shown, the spar cap 106
includes a narrowing at a point along a length of the load carrying structural component 102 so
as to define a narrowed portion 110 of the load carrying structural component 102. This
narrowed portion 110 of load carrying structural component 102, and thus a weakening in the

load carrying structural component 102, provides a predetermined breaking point 112 for the

10
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breakaway tip portion 100. The illustrated narrowed portion 110 of the load carrying structural
component 102 of FIG. 6 is configured as substantially symmetrical indentions 114 of the
plurality of spar caps 106. It is anticipated in alternate embodiments, that an alternate geometry
may provide for a weakening in the load carrying structural component 102, including non-
symmetrical indentions, perforations, or the like, dependent upon blade material, internal

structure material and configuration, along with a calculated load at time of impact.

[0037] Referring now to FIG. 7, illustrated is another embodiment of a breakaway tip
portion 120, generally similar to breakaway tip portion 72 of FIG. 3. In this particular
embodiment, the breakaway tip portion 120 is formed so as to include a differing material from
that forming the bulk of the rotor blade 20, to define a predetermined breaking point 122. More
particularly, the material forming the predetermined breaking point 122 includes a reduced
strength margin, such as with respect to the number of material plies, or the like, from that
forming the bulk of the rotor blade 20, to define the predetermined breaking point 122. As an
example, in an embodiment, the overall rotor blade 20 structure may be formed of a defined
number of material plies, referenced 124 and a portion 126 of the rotor blade 20 is comprised of
material plies 128 that differ from the material plies 124 of the overall rotor blade 20 so as to
define the predetermined breaking point 122. In an embodiment, the portion 126 of the rotor
blade is comprised of a lesser number of material plies than that of the overall rotor blade 20 so
as to form a weakening at that particular point in the blade structure. This weakening in the
blade structure corresponds to the predetermined breaking point 122 for the breakaway tip
portion 120. In alternate embodiments, the portion 126 of the rotor blade 20 that defines the
predetermined breaking point 122 may be comprised of thinner material plies than that of the
remaining portion of the rotor blade 20 or comprise other properties that provide a reduced
strength margin and would define the predetermined breaking point 122, such as, but not limited

to, weaker material choices, or the like.
[0038] Referring now to FIG. 8, illustrated is another embodiment of a breakaway tip

portion 130, generally similar to breakaway tip portion 72 of FIG. 3. In this particular

embodiment, the breakaway tip portion 130 is formed of a material 132 that upon impact of the
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rotor blade 20 with the tower 12, results in shattering of the material 132, along a predetermined

breaking point 134, forming the breakaway tip portion 130.

[0039] Referring now to FIGs. 9 and 10, illustrated are embodiments of a breakaway blade
structure that may be included within a tip portion of a rotor blade 20 as disclosed herein. More
particularly, illustrated in FIGs. 9 and 10 break away blade tip portions 140, 150, respectively,
(as shown by the phantom lines), and generally similar to breakaway tip portion 72 of FIG. 3.
The breakaway tip portions 140, 150, include a plurality of internal blade support structures, and
more particularly a plurality of load carrying structural components 142, 152, respectively. The
internal load carrying structural components 142, 152 are generally configured for disposing
within at least a portion of the rotor blade 20 so as to provide structural support thereto. In the
embodiment of FIG. 9, the load carrying structural components 142 are disposed in the rotor
blade 20, and more particularly at least partially within the breakaway blade tip portion 140. In
an embodiment, each of the plurality of load carrying structural components 142 is configured as
a bolt 143. To define a predetermined breaking point 144, as best illustrated in the enlargement
of a single load carrying structural component 142, a void 146 may be formed therein in one or
more of the load carrying structural components 142. The perforation 146 is formed in load
carrying structural component 142 to define a weakened strength margin at that particular point
within the rotor blade 20. This defined weakening of the load carrying structural component 142
provides for breaking away of the breakaway tip portion 142 during impact of the rotor blade 20
with the tower 12 (FIG. 1) along the predetermined breaking point 144.

[0040] In another embodiment, as best illustrated in FIG. 10, the plurality of load carrying
structural components 152 are disposed in the rotor blade 20, and more particularly at least
partially within a breakaway blade tip portion 152 (as shown by the phantom lines), generally
similar to breakaway tip portion 72 of FIG. 3. Similar to the embodiment of FIG. 10, each of the
plurality of load carrying structural components 152 is configured as a bolt 153 and may include
a narrowing of the geometry of the structure, generally referenced 156, to define a reduced
strength margin and thus weakening in the load carrying structural component 152 at a
predetermined breaking point 154. Similar to the embodiment of FIG. 9, the narrowing of the

load carrying structural component 152 defines a weakened area within the rotor blade 20, thus
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providing for breaking away of the breakaway tip portion 152 during impact of the rotor blade
20 with the tower 12 (FIG. 1) along the predetermined breaking point 154.

[0041] The extent or magnitude of blade deflection required before the rotor blade 20 impacts
the tower 12 (FIG. 1) may vary from wind turbine to wind turbine. For example, the

predetermined blade deflection threshold may depend on the operating conditions of the wind
turbine 10, the thickness of the rotor blades 20, the length of the rotor blades 20 and numerous

other factors.

[0042] Accordingly, disclosed is a rotor blade that addresses deflection in rotor blades
and subsequent impact with a wind turbine tower. The rotor blade as described is equipped with
a predetermined breaking point that leads to a designed, local failure of the rotor blade structure
without overloading the remaining portion of the rotor blade. The inclusion of a breakaway tip
portion provides that damage to the rotor blades is limited to the tip of the rotor blade. In an
embodiment, the tower may be reinforced to tolerate the impact of the rotor blade with the tower
with limited energy. In an embodiment, the predetermined blade breaking point may be located
at a joint location of a modular blade. The introduction of a predetermined breaking point for
wind turbine rotor blades enables the cost of a tower strike to be predictable. Furthermore new
turbine operating modes might be considered, rating the risk of a tower strike vs. the benefit of

running the turbine at higher loads to push the maximum power output for a period of time.

[0043] It is to be understood that not necessarily all such objects or advantages described
above may be achieved in accordance with any particular embodiment. Thus, for example, those
skilled in the art will recognize that the disclosed embodiments and techniques described herein
may be embodied or carried out in a manner that achieves or optimizes one advantage or group
of advantages as taught herein without necessarily achieving other objects or advantages as may

be taught or suggested herein.

[0044] Furthermore, the skilled artisan will recognize the interchangeability of various
features from different embodiments. For example, various features described, as well as other

known equivalents for each feature, may be mixed and matched by one of ordinary skill in this
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art to construct additional embodiments and techniques in accordance with principles of this

disclosure.

[0045] It should be appreciated that the present subject matter encompasses a wind
turbine. The wind turbine 10 includes a tower 12 and a nacelle 14 mounted atop the tower 12.
The wind turbine 10 also includes a rotor 16 coupled to the nacelle 14 that comprises a hub 18
and at least one rotor blade 20 extending outwardly from the hub 18. The wind turbine rotor
blade 20 includes a breakaway tip portion which may be configured, adapted or designed as

described herein.

[0046] While only certain features of the disclosure have been illustrated and described
herein, many modifications and changes will occur to those skilled in the art. It is, therefore, to
be understood that the appended claims are intended to cover all such modifications and changes
as fall within the true spirit of the disclosure. This written description uses examples to disclose
the disclosure, including the best mode, and also to enable any person skilled in the art to
practice the disclosure, including making and using any devices or systems and performing any
incorporated methods. The representative examples and embodiments provided herein include
features that may be combined with one another and with the features of other disclosed
embodiments or examples to form additional embodiments that are still within the scope of the
present disclosure. The patentable scope of the disclosure 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 have 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.

14
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CLAIMS:

1. A wind turbine rotor blade comprising:

a plurality of exterior surfaces defining a blade body having a pressure side, a suction side, a
leading edge and a trailing edge, the blade body extending between a blade tip and a blade root,
the rotor blade defining a span and a chord,

the blade body including a breakaway tip portion defined by a predetermined breaking point,
wherein the breakaway tip portion is configured to break away from the remaining portion of the

blade body when subject to a predetermined tower strike load.

2. A wind turbine rotor blade as claimed in Claim 1, wherein the predetermined breaking

point is defined by an area having a reduced strength margin.

3. A wind turbine rotor blade as claimed in Claim 1, wherein the breakaway tip portion is
comprised of a material configured for shattering when subject to the predetermined tower strike

load.

4. A wind turbine rotor blade as claimed in Claim 1, wherein the breakaway tip portion is
comprised of an impact load limiting material configured to break away when subject to the

predetermined tower strike load.

5. A wind turbine rotor blade as claimed in Claim 1, wherein the breakaway tip portion
comprises a load carrying structural component including a weakened portion at the
predetermined breaking point to provide breaking away of the breakaway tip portion when

subject to the predetermined tower strike load.

6. A wind turbine rotor blade as claimed in Claim 5, wherein the load carrying structural

component comprises at least one of a spar cap or a web.

7. A wind turbine rotor blade as claimed in Claim 5, wherein the load carrying structural

component comprises a bolt.

15
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8. A wind turbine rotor blade as claimed in Claim 5, wherein the weakened portion at a
predetermined breaking point is defined by one or more perforations formed in the load carrying

structural component.

9. A wind turbine rotor blade as claimed in Claim 5, wherein the weakened portion at a
predetermined breaking point is defined by a narrowing in geometry of the load carrying

structural component.

10. A wind turbine rotor blade as claimed in Claim 1, wherein the predetermined breaking

point is defined by a weakened material.

11. A wind turbine rotor blades as claimed in Claim 1, wherein the weakened material

includes fewer material plies than the remaining portion of the rotor blade.

12. A wind turbine rotor blade as claimed in Claim 1, wherein the predetermined breaking
point is defined by one or more perforations formed through at least a portion of the rotor blade

structure.

13. A wind turbine rotor blade as claimed in Claim 1, wherein the rotor blade is a jointed

blade.

14. A wind turbine, the wind turbine comprising a plurality of rotor blade assemblies, at least
one of the rotor blade assemblies comprising:

a suction side surface and a pressure side surface, and defining a span and a chord, the suction
side surface and the pressure side surface defining a blade body extending between a blade tip

and a blade root,

the blade body including a predetermined breaking point, defined by a reduced strength margin
in the blade body, at which a breakaway tip portion may break away from a bulk of the blade

body under a predetermined load condition.

16
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15. A wind turbine claimed in Claim 14, wherein the breakaway tip portion is comprised of
an impact load limiting material configured to break away when subject to the predetermined

load condition.

16. A wind turbine as claimed in Claim 14, wherein the breakaway tip portion comprises a
load carrying structural component, including a weakened portion at the predetermined breaking

point, configured to breakaway when subject to the predetermined load condition.

17. A wind turbine as claimed in Claim 16, wherein the weakened portion at the
predetermined breaking point is defined by at least one of one or more perforations in the load
carrying structural component or a narrowing in geometry of the load carrying structural

component.

18. A wind turbine as claimed in Claim 14, wherein the predetermined breaking point is

defined by a weakened material.

19. A wind turbine as claimed in Claim 14, wherein the predetermined breaking point is

defined by one or more perforations formed through at least a portion of the rotor blade body.

20. A wind turbine comprising:

a tower;
a hub;

at least one rotor blade rotatably connected to the hub, the at least one rotor blade rotatable in

response to wind impinging upon the at least one rotor blade, the rotor blade comprising:

a suction side surface and a pressure side surface, and defining a span and a chord, the
suction side surface and the pressure side surface defining a blade body extending
between a blade tip and a blade root,

the blade body including a predetermined breaking point, defined by a reduced strength
margin in the blade body, at which a breakaway tip portion may break away from a bulk

of the blade body under a predetermined load condition.
17



WO 2017/218936 PCT/US2017/037944

21. A wind turbine claimed in Claim 20, wherein the breakaway tip portion is comprised of
one of an impact load limiting material configured to break away when subject to the
predetermined load condition or a load carrying structural component including a weakened
portion at the predetermined breaking point to provide for breaking away of the breakaway tip

portion when subject to the predetermined load condition.
22. A wind turbine as claimed in Claim 20, wherein the predetermined breaking point is

defined by one of a weakened material portion or one or more perforations formed through at

least a portion of the rotor blade body.
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