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removable tip comprising a connector having a connector
surface configured to complement the anchor surface.
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1
REMOVABLE ROTOR BLADE TIP

CROSS-REFERENCE TO RELATED
APPLICATIONS

Not applicable.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not applicable.
REFERENCE TO A MICROFICHE APPENDIX

Not applicable.

BACKGROUND

Rotor blades, such as, but not limited to, rotor blades for
helicopters, may comprise tips configured to manage tip
noise and/or to increase performance. In some cases, a rotor
blade tip may be damaged or otherwise may be undesirable
for a selected application while a root of the same rotor blade
may be acceptable for the selected application.

SUMMARY

In some embodiments of the disclosure, a rotor blade is
disclosed as comprising a spanwise axis, a root comprising
an anchor having an anchor surface configured to form at
least one of a normal angle relative to the spanwise axis and
an acute angle relative to the spanwise axis, and a selectively
removable tip comprising a connector having a connector
surface configured to complement the anchor surface.

In other embodiments of the disclosure, a method of
assembling a rotor blade is disclosed as comprising provid-
ing a root along a spanwise axis and an anchor having an
anchor surface configured to form at least one of a normal
angle relative to the spanwise axis and an acute angle
relative to the spanwise axis, providing a selectively remov-
able tip comprising a connector having a connector surface
configured to generally complement the anchor surface, and
mating the connector surface to the anchor surface.

In yet other embodiments of the disclosure, a rotor system
is disclosed as comprising an axis of rotation and a rotor
blade comprising a spanwise axis and configured for selec-
tive rotation about the axis of rotation, the rotor blade further
comprising a root comprising an anchor, and a selectively
removable tip comprising a connector configured to comple-
ment the anchor, wherein the root is at least partially
disposed along the spanwise axis between the tip and the
axis of rotation, and wherein at least a portion of the
connector is located along the spanwise axis between the
axis of rotation and the anchor.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present disclo-
sure and the advantages thereof, reference is now made to
the following brief description, taken in connection with the
accompanying drawings and detailed description:

FIG. 1 is an orthogonal top view of a portion of a rotor
system according to an embodiment of the disclosure;

FIG. 2 is an oblique exploded view of a portion of the
rotor system of FIG. 1;

FIG. 3 is an orthogonal top view of an anchor and a
connector according to an embodiment of the disclosure;
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FIG. 4 is an orthogonal top view of an anchor and a
connector according to another embodiment of the disclo-
sure;

FIG. 5 is an orthogonal top view of an anchor and a
connector according to another embodiment of the disclo-
sure;

FIG. 6 is an orthogonal top view of an anchor and a
connector according to another embodiment of the disclo-
sure;

FIG. 7 is an orthogonal top view of an anchor and a
connector according to another embodiment of the disclo-
sure;

FIG. 8 is an orthogonal top view of an anchor and a
connector according to another embodiment of the disclo-
sure; and

FIG. 9 is an orthogonal top view of a portion of a rotor
system according to another embodiment of the disclosure.

DETAILED DESCRIPTION

It should be understood at the outset that although an
illustrative implementation of one or more embodiments are
provided below, the disclosed systems and/or methods may
be implemented using any number of techniques, whether
currently known or in existence. The disclosure should in no
way be limited to the illustrative implementations, drawings,
and techniques illustrated below, including the exemplary
designs and implementations illustrated and described
herein, but may be modified within the scope of the
appended claims along with their full scope of equivalents.

In some cases, it may be desirable to replace a rotor blade
tip, such as, but not limited to, a tip of a helicopter rotor
blade. For example, in cases where a root of a rotor blade
remains undamaged and/or is otherwise acceptably suited
for a particular application, but a rotor blade tip connected
to the root is damaged and/or is otherwise undesirable for the
particular application, it may be desirable to replace the tip
while retaining the root of the rotor blade. In some embodi-
ments of the disclosure, systems and methods are disclosed
that comprise providing a rotor blade with a selectively
removable tip, wherein a substantial and/or primary cen-
trifugal force generated by rotating the rotor blade about an
axis of rotation is transferred between an anchor of a root of
the rotor blade and a connector of the tip of the rotor blade.
In some embodiments, the centrifugal force may be trans-
ferred substantially directly between the anchor and the
connector without substantially passing through and/or oth-
erwise relying on a transfer path that comprises bolts. In
some embodiments, the transfer of the centrifugal force may
be accomplished by locating at least a portion of the con-
nector between the center of rotation and the anchor. In some
embodiments, an integrity of a connection between the root
and the tip may be increased with an increase in the
centrifugal force and/or increased rate of rotation of the rotor
blade about the axis of rotation.

Referring now to FIGS. 1-2, an orthogonal top view of a
portion of a rotor system 100 in an assembled state and an
oblique exploded view of a portion of the rotor system 100
are shown, respectively, according to an embodiment of the
disclosure. The rotor system 100 generally comprises an axis
of rotation 102 (see FIG. 1) that may be associated with a
rotating mast and/or hub and one or more rotor blades 104.
The rotor blade 104 generally comprises a spanwise axis 106
that may generally extend along a length of the rotor blade
104 and may generally be associated with a centrifugal force
generated in response to the rotor blade 104 being rotated
about the axis of rotation 102. The rotor blade 104 further



US 11,261,735 B2

3

comprises a root 108 and a selectively removable tip 110
connected at a distal end of the root 108. In some embodi-
ments, a joint and/or mating interface 112 between the
exteriors of the root 108 and tip 110 may be overlaid by a
doubler patch 114 (see FIG. 1) that may comprise directional
fiber composite material adhered to slightly recessed shelves
116 (see FIG. 2) of the root 108 and tip 110 so that the
exterior surfaces of the root 108 and tip 110 may more
closely behave at least one of structurally and aerodynami-
cally as if the two were integrally formed. In other cases, a
doubler patch 114 may simply overlay outer surfaces of the
root 108 and tip 110 without filling a shelf 116. In some
embodiments, the tip 110 may comprise an anhedral shape
configured to reduce tip noise and/or to otherwise improve
performance of the rotor blade 104.

Referring now to FIG. 2, the rotor blade 104 may further
comprise a root cavity 118 and a tip cavity 120. The root
cavity 118 may comprise a pocket or concavity formed in a
distal end of the root 108. In some embodiments, at least a
portion of an anchor 122 may be disposed in the root cavity
118. In some embodiments, the anchor 122 may comprise a
substantially rigid component embedded, anchored, inte-
grally formed with, adhered to, and/or otherwise substan-
tially rigidly spatially retained relative to a remainder of the
root 108 and/or relative to the boundaries of the root cavity
118. In some embodiments, the anchor 122 may be referred
to as a spar.

Still referring to FIG. 2, the tip cavity 120 may comprise
a pocket or concavity formed in a proximal end of the tip
110. In some embodiments, at least a portion of a connector
124 may be disposed in the tip cavity 120. In some embodi-
ments, the connector 124 may comprise a substantially rigid
component embedded, anchored, integrally formed with,
adhered to, and/or otherwise at least partially substantially
rigidly spatially retained relative to a remainder of the tip
110 and/or relative to the boundaries of the tip cavity 120.
In some embodiments, the connector 124 may be referred to
as a spar extension. Most generally, the rotor blade 104, root
108, tip 110, root cavity 118, tip cavity 120, anchor 122, and
connector 124 may comprise a base set of generalized
features and/or components upon which the additional
details, features, and/or embodiments of FIGS. 3-8 may
utilize and/or build upon.

Referring now to FIG. 3, an orthogonal top view of an
anchor 122 and a complementary connector 124 are shown
in an assembled state according to an embodiment of the
disclosure. The anchor 122 may generally comprise a can-
tilevered root rod 125 comprising teeth-shaped recesses 126.
The recesses may comprise anchor surfaces 128 that lie
generally normal to the spanwise axis 106. The connector
124 may generally comprise a cantilevered tip rod 130 to
which one or more side jaws 132 are movably connected via
a jaw pin 135. Side jaws 132 may comprise teeth 134
complementarily shaped to substantially fill the recesses 126
of root rod 125. When assembled together as shown in FIG.
3, any substantial centrifugal force tending to pull the tip 110
away from the root 108 may be transferred from the teeth
134 of the side jaws 132 to the anchor surfaces 128 of the
recesses 126. Because the anchor surfaces 128 are generally
normal to the spanwise axis 106, the side jaws 132 will not
tend to open away from the root rod 125. In alternative
embodiments, the anchor surfaces 128 may be acutely
angled relative to the spanwise axis 106 which may cause
the complementary teeth 134 to more securely engage the
anchor surfaces 128 with an increase in centrifugal force. In
some embodiments, the side jaws 132 may be biased toward
each other about jaw pin 135 through the use of a spring
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and/or any other suitable mechanical biasing device. Addi-
tionally and/or alternatively, the side jaws 132 may be at
least one of biased toward each other and/or spatially
restrained relative to the root rod 125 by disposing a plug
127, spacer, shim, epoxy, and/or any other suitably stiff
and/or expansive material between the side jaws 132 and
adjacent interior walls of the root cavity 118 and/or tip cavity
120. In some embodiments, interior walls of the root cavity
118 and/or tip cavity 120 may be angled to selectively cause
a closing action of the side jaws 132 toward the root rod 125
as the connector 124 is inserted into the root cavity 118. In
some cases, the connector 124 may be inserted into the root
cavity 118 through a distal end of the root cavity 118.
However, in alternative embodiments, the connector 124
may be placed into position relative to the root rod 125
before a top or bottom wall of the root cavity 118 is fully
formed so that the connector 124 slides into place relative to
the root rod 125 like a puzzle piece from above or below.
After such placement, a remainder of the root cavity 118
and/or tip cavity 120 may be completed to form the rotor
blade 104. In some embodiments, a hoop stress component
129 may be applied generally at least partially circumfer-
entially around at least a portion of each of the anchor 122
and the complementary connector 124 to maintain the
connection between the anchor 122 and a complementary
connector 124. In some embodiments, the hoop stress com-
ponent 129 may be installed in a relatively low load direc-
tion and may assist in ensuring a centrifugal force capacity
of the system and may reduce fretting and/or cyclical and/or
fatigue working of the connection. In some cases, the hoop
stress component 129 may be configured to additionally
extend around the plug 127. In some embodiments, the hoop
stress component 129 may comprise epoxy, an elastic and/or
elastomeric material, a metallic strap, a shrink wrap com-
ponent, and/or any other suitable strap or loop configured to
retain the system components relative to each other.
Referring now to FIG. 4, an orthogonal top view of an
anchor 122 and a complementary connector 124 are shown
in an assembled state according to another embodiment of
the disclosure. The anchor 122 may generally comprise a
cantilevered root rod 125 comprising box-shaped recesses
126. The recesses may comprise anchor surfaces 128 that lie
generally normal to the spanwise axis 106. The connector
124 may generally comprise a cantilevered tip rod 130 to
which one or more side jaws 132 are movably connected via
a jaw pin 135. Side jaws 132 may comprise teeth 134
complementarily shaped to substantially fill the recesses 126
of root rod 125. When assembled together as shown in FIG.
3, any substantial centrifugal force tending to pull the tip 110
away from the root 108 may be transferred from the teeth
134 of the side jaws 132 to the anchor surfaces 128 of the
recesses 126. Because the anchor surfaces 128 are generally
normal to the spanwise axis 106, the side jaws 132 will not
tend to open away from the root rod 125. In alternative
embodiments, the anchor surfaces 128 may be acutely
angled relative to the spanwise axis 106 which may cause
the complementary teeth 134 to more securely engage the
anchor surfaces 128 with an increase in centrifugal force. In
some embodiments, the side jaws 132 may be biased toward
each other about jaw pin 135 through the use of a spring
and/or any other suitable mechanical biasing device. Addi-
tionally and/or alternatively, the side jaws 132 may be at
least one of biased toward each other and/or spatially
restrained relative to the root rod 125 by disposing a plug
127, spacer, shim, epoxy, and/or any other suitably stiff
and/or expansive material between the side jaws 132 and
adjacent interior walls of the root cavity 118 and/or tip cavity
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120. In some embodiments, interior walls of the root cavity
118 and/or tip cavity 120 may be angled to selectively cause
a closing action of the side jaws 132 toward the root rod 125
as the connector 124 is inserted into the root cavity 118. In
some cases, the connector 124 may be inserted into the root
cavity 118 through a distal end of the root cavity 118.
However, in alternative embodiments, the connector 124
may be placed into position relative to the root rod 125
before a top or bottom wall of the root cavity 118 is fully
formed so that the connector 124 slides into place relative to
the root rod 125 like a puzzle piece from above or below.
After such placement, a remainder of the root cavity 118
and/or tip cavity 120 may be completed to form the rotor
blade 104. In some embodiments, the recesses 126 and
associated teeth 134 may overlap each other spanwise and/or
chordwise (transverse to spanwise) as viewed from above
and/or spanwise and/or chordwise as viewed from a side so
that recesses 126 and teeth 134 may be disposed at various
locations on root rod 125 while preserving a needed cross-
sectional area of material for transmitting centrifugal forces.

Referring now to FIG. 5, an oblique top-side-proximal
view of an anchor 122 and a complementary connector 124
are shown in a disassembled state according to an embodi-
ment of the disclosure. The anchor 122 may generally
comprise a cantilevered root rod 125 comprising a generally
annular recess 126. The recess 126 may comprise a concave
anchor surface 128 that generally faces open toward the axis
of rotation 102. The connector 124 may generally comprise
a cantilevered tip rod to which one or more side jaws 132 are
movably connected via a jaw pin. Side jaws 132 may
comprise teeth 134 complementarily shaped to substantially
fill the recess 126 of root rod 125, including the concavity
formed by the anchor surface 128. When assembled, any
substantial centrifugal force tending to pull the tip 110 away
from the root 108 may be transferred from the teeth 134 of
the side jaws 132 to the anchor surface 128 of the recess 126.
Because the anchor surface 128 is concave and the teeth 134
are convex, at least on a distal side, the side jaws 132 will
not tend to open away from the root rod 125. In alternative
embodiments, the anchor surfaces 128 may be acutely
angled relative to the spanwise axis 106 which may cause
the complementary teeth 134 to more securely engage the
anchor surfaces 128 with an increase in centrifugal force. In
some embodiments, the side jaws 132 may be biased toward
each other about a jaw pin through the use of a spring and/or
any other suitable mechanical biasing device. Additionally
and/or alternatively, the side jaws 132 may be at least one of
biased toward each other and/or spatially restrained relative
to the root rod 125 by disposing a plug 127, spacer, shim,
epoxy, and/or any other suitably stiff and/or expansive
material between the side jaws 132 and adjacent interior
walls of the root cavity 118 and/or tip cavity 120. In some
embodiments, interior walls of the root cavity 118 and/or tip
cavity 120 may be angled to selectively cause a closing
action of the side jaws 132 toward the root rod 125 as the
connector 124 is inserted into the root cavity 118. In some
cases, the connector 124 may be inserted into the root cavity
118 through a distal end of the root cavity 118. However, in
alternative embodiments, the connector 124 may be placed
into position relative to the root rod 125 before a wall of the
root cavity 118 is fully formed. After such placement, a
remainder of the root cavity 118 and/or tip cavity 120 may
be completed to form the rotor blade 104.

Referring now to FIG. 6, an orthogonal top view of an
anchor 122 and a complementary connector 124 are shown
in an assembled state according to another embodiment of
the disclosure. The anchor 122 is substantially similar to the
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anchor 122 of FIG. 3 but for the shape of the recesses 126.
The connector 124 is substantially similar to the connector
124 of FIG. 3 but for the side jaws 132 not being substan-
tially hinged. Instead, the teeth 134 are individually biased
toward the recesses 126 of the anchor 122. Recesses 126
may generally comprise right triangle shapes so that anchor
surfaces 128' are generally normal to spanwise axis 106.
Teeth 134' may generally complement recesses 126' and be
biased primarily in chordwise directions toward the associ-
ated recess 126'. Tooth 134"" is substantially similar to tooth
134' except that tooth 134"" is rotationally biased rather than
biased chordwise. Recesses 126" may generally comprise
triangle shapes so that anchor surfaces 128" generally form
acute angles relative to spanwise axis 106. Tooth 134" may
generally complement recess 126" and be rotationally biased
at a generally proximal side to bias the tooth 134" toward the
recess 126". Recesses 126" may generally be box shaped so
that anchor surfaces 128" are generally normal to spanwise
axis 106. Teeth 134™ may generally complement recess
126" and be biased primarily in chordwise directions toward
the associated recesses 126". In this embodiment, each
anchor surface 128 is angled so that increases in centrifugal
forces either do not degrade a connection between the root
108 and tip 110 or increase an integrity of the connection.

Referring now to FIG. 7, an orthogonal top view of an
anchor 122 and a complementary connector 124 are shown
in an assembled state according to another embodiment of
the disclosure. The anchor 122 comprises a root rod 125 and
the connector 124 comprises a tip rod 130. However, in this
embodiment, each of the root rod 125 and the tip rod 130
comprise recesses 126. In this embodiment, side jaws 132
extend spanwise across the mating interface 112 and com-
prise teeth 134 on opposing spanwise sides of the side jaws
132 relative to the mating interface 112. In some embodi-
ments, side jaws 132 may be connected so at their top or
bottom sides to generally form a C or U-shaped structure
comprising the teeth 134. When assembled, any substantial
centrifugal force tending to pull the tip 110 away from the
root 108 may be transferred from the recesses 126 associated
with the tip rod 130 to the teeth 134 associated with the tip
rod 130, from the teeth 134 associated with the tip rod 130
to the teeth associated with the root rod 125, and from the
teeth 134 associated with the root rod 125 to the recesses 126
associated with the root rod 125. Because the anchor sur-
faces 128 are acutely angled relative to the spanwise axis
106 and the source of tension the side jaws 132 will not tend
to move away from the root rod 125 and/or the tip rod 130.
In some embodiments, the side jaws 132 may be biased
toward each other about a jaw pin through the use of a spring
and/or any other suitable mechanical biasing device. Addi-
tionally and/or alternatively, the side jaws 132 may be at
least one of biased toward each other and/or spatially
restrained relative to the root rod 125 by disposing a plug
127, spacer, shim, epoxy, and/or any other suitably stiff
and/or expansive material between the side jaws 132 and
adjacent interior walls of the root cavity 118 and/or tip cavity
120. The side jaws 132 may be placed into position before
a wall of the root cavity 118 and/or tip cavity 120 are fully
formed. After such placement, a remainder of the root cavity
118 and/or tip cavity 120 may be completed to form the rotor
blade 104.

Referring now to FIG. 8, an orthogonal top view of an
anchor 122 and a complementary connector 124 are shown
in an assembled state according to another embodiment of
the disclosure. The anchor 122 comprises an eccentric stud
150 and the connector 124 comprises a tension-torsion strap
152. In this embodiment, the tension-torsion strap 152 may
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be placed around the eccentric stud 150 to provide a force
path for centrifugal forces. In some cases, the tension-
torsion strap 152 may not immediately be tightly mated
against the eccentric stud 150. Accordingly, in some
embodiments, the eccentric stud 150 may be rotated to
tighten the eccentric stud 150 against the tension-torsion
strap 152. With the eccentric stud 150 in place against the
tension-torsion strap 152, the two may be spatially
restrained relative to each other by disposing a plug 127,
spacer, shim, epoxy, and/or any other suitably stiff and/or
expansive material between interior of the tension-torsion
strap 152 and the exterior of the eccentric stud 150. Further,
additional plugs, spacers, shims, epoxy, and/or any other
suitably stiff and/or expansive materials may be placed
between the interior walls of the root cavity 118 and/or tip
cavity 120 and the remainder of the tension-torsion strap 152
and/or eccentric stud 150.

Referring now to FIG. 9, an orthogonal top view of a
portion of a rotor system comprising a rotor blade 104 is
shown according to another embodiment of the disclosure.
In this embodiment, the rotor blade 104 comprises an access
hole 900 formed in the root 108 that allows convenient
access to at least one of the anchor 122 and the connector
124. In some embodiments, a cover may be attached to the
root 108 to cover the access hole 900 through the use of
fasteners and/or fastener receivers 902. In some embodi-
ments, blade balancing weights 904 may also be accessible
through the access hole 900.

In some embodiments, a tip may be removably connected
to a root without utilizing one or more of a bolt, bonding a
primary load path structure, a threaded connection between
the tip and the root, and/or disposing elastomeric material
between substantially rigid connection interfaces between
the tip and the root. In some embodiments, an anchor and a
complementary connector may comprise undulating profiles
and one or both of the anchor and the complementary
connector may comprise elastic properties that allow inser-
tion of the complementary connector into the anchor and
may depend primarily on an interference fit and/or contact
surface area dependent function for retaining the tip to the
root during rotation of the rotor blade.

At least one embodiment is disclosed and variations,
combinations, and/or modifications of the embodiment(s)
and/or features of the embodiment(s) made by a person
having ordinary skill in the art are within the scope of the
disclosure. Alternative embodiments that result from com-
bining, integrating, and/or omitting features of the embodi-
ment(s) are also within the scope of the disclosure. Where
numerical ranges or limitations are expressly stated, such
express ranges or limitations should be understood to
include iterative ranges or limitations of like magnitude
falling within the expressly stated ranges or limitations (e.g.,
from about 1 to about 10 includes, 2, 3, 4, etc.; greater than
0.10 includes 0.11, 0.12, 0.13, etc.). For example, whenever
a numerical range with a lower limit, R,, and an upper limit,
R,, is disclosed, any number falling within the range is
specifically disclosed. In particular, the following numbers
within the range are specifically disclosed: R=R+k*(R,~
R;), wherein k is a variable ranging from 1 percent to 100
percent with a 1 percent increment, i.e., k is 1 percent, 2
percent, 3 percent, 4 percent, 5 percent, . . ., 50 percent, 51
percent, 52 percent, . . ., 95 percent, 96 percent, 97 percent,
98 percent, 99 percent, or 100 percent. Unless otherwise
stated, the term “about” shall mean plus or minus 10 percent
of the subsequent value. Moreover, any numerical range
defined by two R numbers as defined in the above is also
specifically disclosed. Use of the term “optionally” with
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respect to any element of a claim means that the element is
required, or alternatively, the element is not required, both
alternatives being within the scope of the claim. Use of
broader terms such as comprises, includes, and having
should be understood to provide support for narrower terms
such as consisting of, consisting essentially of, and com-
prised substantially of. Accordingly, the scope of protection
is not limited by the description set out above but is defined
by the claims that follow, that scope including all equiva-
lents of the subject matter of the claims. Each and every
claim is incorporated as further disclosure into the specifi-
cation and the claims are embodiment(s) of the present
invention.

What is claimed is:

1. A rotor blade comprising:

a spanwise axis and a distal rotor blade end away from an
axis of rotation of the rotor blade;

a root at the distal rotor blade end, the root comprising a
root cavity and an anchor at least partially disposed in
the root cavity, the anchor having an anchor surface
configured to form one or more concave recesses, each
concave recess having recess anchor surfaces, each
recess anchor surface of the one or more concave
recesses at an acute angle toward the axis of rotation
and relative to the spanwise axis; and

a selectively removable tip comprising a tip cavity and a
connector having a cantilevered tip rod and a pair of
opposing jaws moveably connected to the cantilevered
tip rod with a jaw pin, wherein the pair of opposing
jaws is complementarily shaped to substantially fill the
one or more concave recesses of the anchor surface,
and an epoxy or an expansive material disposed
between the pair of opposing jaws and an adjacent
interior wall of the tip cavity;

wherein the anchor and the connector are configured to
dispose, when the anchor surface and the pair of
opposing jaws are mated, at least a portion of each of
the anchor and the pair of opposing jaws within the
rotor root cavity.

2. The rotor blade of claim 1, wherein the anchor com-

prises a cantilevered root rod.

3. The rotor blade of claim 1, wherein the one or more
recesses comprise a generally triangular shape.

4. The rotor blade of claim 1, wherein the pair of opposing
jaws comprise one or more teeth biased toward the one or
more recesses of the anchor.

5. The rotor blade of claim 1, wherein the connector
comprises at least one of a torsion-tension strap and a
convex tooth.

6. The rotor blade of claim 1, wherein the pair of opposing
jaws are at least partially disposed in a tip cavity of the
removable tip, and the anchor and the pair of opposing jaws
are configured so that mating the anchor surface and the pair
of opposing jaws disposes at least a second portion of each
of the anchor and the pair of opposing jaws within the tip
cavity of the removable tip.

7. The rotor blade of claim 1, wherein the selectively
removable tip comprises an anhedral shape.

8. The rotor blade of claim 1, further comprising a plug,
spacer, shim, or stiff material disposed between the pair of
opposing jaws and an adjacent interior wall of the root cavity
or a tip cavity or both.

9. The rotor blade of claim 1, further comprising a hoop
stress component disposed at least partially circumferen-
tially around at least a portion of each of the anchor and the
complementary connector.



US 11,261,735 B2

9

10. The rotor blade of claim 1, wherein the interior walls
of the root cavity are angled to cause the pair of opposing
jaws to close around the anchor.

11. The rotor blade of claim 1, further comprising:

an access hole formed in the root and configured to
provide access to the anchor or the connector or both;
and

a cover removably attached to the root via a set of
fasteners and disposed over the access hole.

12. A method of assembling a rotor blade, comprising:

providing the rotor blade comprising:

a spanwise axis and a distal rotor blade end away from
an axis of rotation of the rotor blade;

a root along the spanwise axis and at the distal rotor blade
end, the root comprising a root cavity an anchor at least
partially disposed in the root cavity, the anchor having
an anchor surface configured to form one or more
concave recesses, each concave recess having recess
anchor surfaces, each recess anchor surface of the one
or more concave recesses at an acute angle toward the
axis of rotation and relative to the spanwise axis; and

a selectively removable tip comprising a tip cavity and a
connector having a cantilevered tip rod and a pair of
opposing jaws moveably connected to the cantilevered
tip rod with a jaw pin, wherein the pair of opposing
jaws is complementarily shaped to substantially fill the
one or more concave recesses of the anchor surface,
and an epoxy or an expansive material disposed
between the pair of opposing jaws and an adjacent
interior wall of the tip cavity; and

mating the pair of opposing jaws to the one or more
concave recesses of the anchor surface wherein mating
the pair of opposing jaws to the one or more recesses
of the anchor surface comprises disposing at least a
portion of each of the anchor and the pair of opposing
jaws within the root cavity of the root, wherein the
mating occurs without one or more bolts.

13. The method of claim 12, wherein at least a portion of
the pair of opposing jaws is inserted into the root cavity prior
to the mating.

14. The method of claim 12, wherein the mating of at least
a portion of each of the anchor and the pair of opposing jaws
are outside the root cavity.

15. The method of claim 12, further comprising: at least
one of biasing the pair of opposing jaws to the anchor
surface and restricting movement of the anchor surface away
from the pair of opposing jaws.

16. The method of claim 12, wherein a force with which
the mating between the pair of opposing jaws mates to the
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anchor surface increases with an increase in centrifugal
force resulting from rotation of the rotor blade about an axis
of rotation.

17. A rotor system, comprising:

a rotating mast or hub having an axis of rotation; and

one or more rotor blades connected to the rotating mast or

hub, each rotor blade comprising a spanwise axis and

a distal rotor blade end away from an axis of rotation,

each rotor blade configured for selective rotation about

the axis of rotation, and each rotor blade comprising:

a root at the distal rotor blade end, the root comprising
a root cavity and an anchor, the anchor having an
anchor surface configured to form one or more
concave recesses, each concave recess having recess
anchor surfaces, each recess anchor surface of the
one or more concave recesses at an acute angle
toward the axis of rotation and relative to the span-
wise axis; and

a selectively removable tip comprising a tip cavity and
a connector at least partially disposed in the tip
cavity, the connector having a cantilevered tip rod
and a pair of opposing jaws moveably connected to
the cantilevered tip rod with a jaw pin, wherein the
pair of opposing jaws is complementarily shaped to
substantially fill one or more concave recesses of the
anchor, wherein the root is at least partially disposed
along the spanwise axis between the removable tip
and the axis of rotation, and an epoxy or an expan-
sive material disposed between the pair of opposing
jaws and an adjacent interior wall of the tip cavity;

wherein at least a portion of the pair of opposing jaws
is located along the spanwise axis between the axis
of rotation and the anchor; and

wherein the anchor and the connector are configured to
dispose, when the anchor surface and the pair of
opposing jaws are mated, at least a portion of each of
the anchor and the pair of opposing jaws within the
tip cavity of the removable tip without the use of one
or more bolts.

18. The rotor system of claim 17, wherein the root
comprises a root cavity configured to receive at least a
portion of each of the anchor and the pair of opposing jaws
when the pair of opposing jaws is assembled to the anchor.

19. The rotor system of claim 17, wherein the pair of
opposing jaws comprise one or more teeth biased toward the
one or more recesses of the anchor.

20. The rotor system of claim 17, wherein the pair of
opposing jaws is configured to slide into engagement with
the anchor.



