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SYSTEM FOR COMPOSITE MARINE PROPELLERS
BACKGROUND

[0001] The field of the disclosure relates generally to propulsion systems and, more

particularly, to a composite marine propeller and propeller assembly.

[0002] At least some known marine propulsion systems rely on a rotating propeller assembly
including a central hub and propeller blades extending from the central hub to generate a
propulsive force. During operation, the propeller blades become loaded due to the force of fluid
flow over the propeller blades. Under certain conditions, such loading may be sufficient to cause
bending or other deformation of the propeller blade. Bending may induce localized stress within
the propeller blades. For example, stress may be induced due to areas of the propeller blade
impinging upon other structures, such as the central hub. Such stress can result in premature
failure of the propeller blades or may require the propeller blades to be heavier and more robust,

thereby requiring a more powerful drive and decreasing the efficiency of the propeller assembly.
BRIEF DESCRIPTION

[0003] In one aspect, a propeller assembly is provided. The propeller assembly includes a
central hub further including a first forward-facing end, a second aft-facing end, and a hub body
extending therebetween and a plurality of channels spaced circumferentially around the central
hub and extending between the first forward-facing end and the second aft-facing end, each
channel of the plurality of channels comprising a channel sidewall. The propeller assembly
further includes a plurality of blade wedges configured to be inserted into the plurality of
channels, each blade wedge of the plurality of blade wedges including a wedge sidewall. The
propeller assembly also includes a plurality of blades, each blade of the plurality of blades
including a blade dovetail retained within a respective channel of the plurality of channels by a
respective blade wedge of the plurality of blade wedges. Each blade dovetail further includes a
dovetail face configured to engage the one of a respective channel sidewall of the respective
channel and a respective wedge sidewall of the respective blade wedge. The dovetail face
includes a bearing portion configured to engage one of the respective channel sidewall and the
respective wedge sidewall and a clearance portion configured to be spaced from the one of the
respective channel sidewall and the respective wedge sidewall by a clearance gap during a first

loading of the propeller assembly and to be engaged with the one of the respective channel
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sidewall and the respective wedge sidewall during a second loading of the propeller assembly,

the second loading greater than the first loading.

[0004] In another aspect, a separable blade assembly for use in a rotating bladed assembly is
provided, the rotating bladed assembly including a central hub including a first forward-facing
end, a second aft-facing end, and a hub body extending therebetween and a plurality of channels
spaced circumferentially around the central hub and extending between the first forward-facing
end and the second aft-facing end. The separable blade assembly includes a blade wedge
configured to be inserted into a respective channel of the plurality of channels and further
including a wedge sidewall. The separable blade assembly further includes a blade including a
blade dovetail configured to be retained within the respective channel of the plurality of channels
by the blade wedge. The blade dovetail includes a dovetail face configured to engage one of a
respective channel sidewall of the respective channel and the wedge sidewall. The dovetail face
includes a bearing portion configured to engage the one of the respective channel sidewall and
the wedge sidewall and a clearance portion configured to be spaced from the one of the
respective channel sidewall and the wedge sidewall by a clearance gap during a first loading of
the rotating bladed assembly and to be engaged with the one of the respective channel sidewall
and the respective wedge sidewall during a second loading of the propeller assembly, the second

loading greater than the first loading.

[0005] In yet another aspect, a propeller assembly is provided. The propeller assembly
includes a central hub including a first forward-facing end, a second aft-facing end, and a hub
body extending therebetween, and an outer radial surface, the outer radial surface further
including a plurality of circumferentially spaced flats. The propeller assembly further includes a
plurality of blade wedges coupled to at least a portion of the plurality of circumferentially spaced
flats, each blade wedge of the plurality of blade wedges including a wedge sidewall. The
plurality of blade wedges define a plurality of channels spaced circumferentially around the
central hub, extending between said forward end and said aft end. The propeller assembly
further includes a plurality of blades, each blade of the plurality of blades including a blade
dovetail retained within a respective channel of the plurality of channels by a respective blade
wedge of the plurality of blade wedges. The blade dovetail includes a dovetail face configured
to engage a respective wedge sidewall of the respective blade wedge. The dovetail face includes
a bearing portion configured to engage the respective wedge sidewall of the respective blade

wedge and a clearance portion configured to be spaced from the respective wedge sidewall by a
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clearance gap during a first loading of the propeller assembly and to be engaged with the
respective wedge sidewall during a second loading of the propeller assembly, the second loading

greater than the first loading.
DRAWINGS

[0006] 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:

[0007] FIG. 1 is a perspective view of a marine propeller assembly in accordance with an

example embodiment of the present disclosure;
[0008] FIG. 21s a side view of the marine propeller assembly of FIG. 1;
[0009] FIG. 3 is an exploded view of the marine propeller assembly of FIG. 1;

[0010] FIG. 4 is an axial view, looking forward of a circumferential segment of the marine

propeller assembly 100 (shown in FIG. 1);

[0011] FIGs. 5-16 are detail views of the circumferential segment of FIG. 4;

[0012] FIG. 17 is a detail view of the circumferential segment of FIG. 4; and

[0013] FIG. 18 is an axial view of another embodiment of a marine propeller assembly.

[0014] Unless otherwise indicated, the drawings provided herein are meant to illustrate
features of embodiments of this disclosure. These features are believed to be applicable in a
wide variety of systems comprising one or more embodiments of this disclosure. As such, the
drawings are not meant to include all conventional features known by those of ordinary skill in

the art to be required for the practice of the embodiments disclosed herein.
DETAILED DESCRIPTION

[0015] In the following specification and the claims, reference will be made to a number of

terms, which shall be defined to have the following meanings.

[0016] The singular forms “a,” “an,” and “the” include plural references unless the context
-3-
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clearly dictates otherwise.

[0017] “Optional” or “optionally” means that the subsequently described event or
circumstance may or may not occur, and that the description includes instances where the event

occurs and instances where it does not.

[0018] Approximating language, as used herein throughout the specification and claims, may
be applied to modify any quantitative representation that could permissibly vary without
resulting in a change in the basic function to which it is related. Accordingly, a value modified

29 <C

by a term or terms, such as “about,” “approximately,” and “substantially,” are not to be limited
to the precise value specified. In at least some instances, the approximating language may
correspond to the precision of an instrument for measuring the value. Here and throughout the
specification and claims, range limitations may be combined and/or interchanged; such ranges
are identified and include all the sub-ranges contained therein unless context or language

indicates otherwise.

[0019] As used herein, the terms “axial” and “axially” refer to directions and orientations that
extend substantially parallel to a centerline of the propeller assembly. Moreover, the terms
“radial” and “radially” refer to directions and orientations that extend substantially perpendicular
to the centerline of the propeller assembly. In addition, as used herein, the terms
“circumferential” and “circumferentially” refer to directions and orientations that extend

arcuately about the centerline of the propeller assembly.

[0020] Embodiments of the propeller assembly described herein facilitate reducing stresses
induced in propeller blades of propeller assemblies and, in particular, propeller blades of
propeller assemblies including separable propeller blades. The propeller assembly includes a
central hub and a plurality of separable propeller blades configured to be coupled to the central
hub. In one embodiment, each of the propeller blades generally includes a blade dovetail
configured to be retained within a channel defined by the central hub and a blade wedge. In
another embodiment, each of the propeller blades is retained by pairs of wedges coupled to the
central hub. At least one face of the blade dovetail includes a bearing portion configured to be
engaged with at least a portion of a sidewall of the channel sidewall (e.g., a sidewall of the
central hub or a sidewall of the blade wedge) and a clearance portion configured to be spaced
from the channel sidewall during a first loading of the propeller assembly and to be engaged

with the sidewall of the channel during a second loading of the propeller assembly, the second
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loading greater than the first loading. The clearance portion generally accommodates at least
some bending of the propeller blade during operation, thereby reducing stresses induced in the

propeller blade.

[0021] While described in the context of a marine propeller, it should be understood that the
systems and methods described herein are also applicable to other propulsion and turbomachine
systems including, without limitation, turboprop engines, turboshaft engines, turbojet engines,

open rotor engines, and any other turbine engine where reduced blade stresses are desirable.

[0022] FIG. 1 is a perspective view of a marine propeller assembly 100 in accordance with an
example embodiment of the present disclosure. In the example embodiment, marine propeller
assembly 100 includes a hub 102, a plurality of wedges 104, and a plurality of separable blades
106.

[0023] Hub 102 includes a first face 108, a second face 110 (not shown in FIG. 1, facing away
from the view in FIG. 1), and a hub body 112 extending between first face 108 and second face
110. In the example embodiment, first face 108 is spaced axially forward of second face 110.
Hub body 112 includes a central bore 114 that is axisymmetric with an axis of rotation 116 of
marine propeller assembly 100. Bore 114 includes a radially inner bore surface 118 having an
internal diameter (ID) 120. Hub 102 includes a radially outer hub surface 122 having an outer
diameter (OD) 124. In one embodiment, outer hub surface 122 includes a plurality of dovetail
grooves 126, also referred to herein as “dovetail channels” or “channels,” that extend radially
inwardly from outer hub surface 122 a predetermined depth 128. Each of the plurality of
dovetail grooves 126 extend generally axially along hub body 112 from first face 108 to second
face 110. Each of the plurality of dovetail grooves 126 includes a first undercut sidewall 130,
also referred to herein as a “channel sidewall,” and a second sidewall 132 spaced apart
circumferentially. Each of the plurality of dovetail grooves 126 is configured to receive a
respective wedge 104 of the plurality of wedges 104 and a dovetail 127 of respective blade 106
of the plurality of separable blades 106.

[0024] FIG. 2 is a side view of marine propeller assembly 100. In the example embodiment, a
detail 200 of hub 102 illustrates dovetail groove 126 that extends straight axially between first
face 108 and second face 110 parallel to axis of rotation 116. A detail 202 illustrates dovetail

groove 126 that extends linearly at a skew angle 204 between first face 108 and second face 110.
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A detail 206 illustrates dovetail groove 126 that extends arcuately between first face 108 and

second face 110.

[0025] FIG. 3 is an exploded view of marine propeller assembly 100 in accordance with an
example embodiment of the present disclosure. In the example embodiment, hub 102 is
illustrated with plurality of dovetail grooves 126 extending arcuately between first face 108 and
second face 110 (not shown in FIG. 3, facing away from the view in FIG. 3). A blade 106 is
illustrated cutaway showing an interior structure 300 that may be used in one embodiment.
Interior structure 300 includes a plurality of frame members 302 coupled together at respective
frame joints 304. In various embodiments, dovetail 127 is formed of a metallic material and
coupled to a respective composite blade portion 306 of a respective blade 106 of plurality of
blades 106. In various embodiments, each blade 106 may be formed using interior structure 300,
which may be at least partially surrounded by a filler material, such as, but not limited to, a

foamed material 308.

[0026] FIG. 4 is an axial view, looking forward of a circumferential segment 400 of marine
propeller assembly 100 (shown in FIG. 1). In the example embodiment, dovetail 127 is retained
in dovetail groove 126 by undercut sidewall 130 engaging a complementary first dovetail
sidewall 401 and by a first wedge sidewall 402 engaging a complementary second dovetail
sidewall 404. Wedge 104 is retained in dovetail groove 126 by one or more fasteners, such as,
but not limited to, one or more threaded fasteners 406, for example, one or more bolts. In the
example embodiment, a head 408 of fastener 406 is countersunk into a radially outer surface of

wedge 104,

[0027] FIGs. 5-16 are detail views of circumferential segment 400. More specifically, FIGs.
5-16 are detail views of the engagement between first dovetail sidewall 401 and undercut
sidewall 130 of FIG. 4 according to different embodiments. Generally, dovetail sidewall 401
includes a bearing portion 410 configured to engage undercut sidewall 130 and a clearance
portion 412 configured to be spaced from undercut sidewall 130 during relatively light loading
of propeller assembly 100 (shown in FIG. 1) and to be engaged with undercut sidewall 130
during relatively heavy loading of propeller assembly 100. In the embodiments of FIGs. 5-16,

clearance portion 412 is radially outward relative to bearing portion 410.

[0028] FIG. S is a first detail 501 depicting a first embodiment of the engagement between first
dovetail sidewall 401 and undercut sidewall 130. In first detail 501, first dovetail sidewall 401

-6-



WO 2018/075217 PCT/US2017/054221

includes a first dovetail portion 550A corresponding to bearing portion 410 and a second
dovetail portion 552A corresponding to clearance portion 412. Second dovetail portion 552A is
linearly divergent from undercut sidewall 130, thereby defining a clearance gap 554A between

first dovetail sidewall 401 and undercut sidewall 130.

[0029] FIG. 6 is a second detail 502 depicting a second embodiment of the engagement
between first dovetail sidewall 401 and undercut sidewall 130. In second detail 502, first
dovetail sidewall 401 includes a first dovetail portion 550B corresponding to bearing portion 410
and a second dovetail portion 552B corresponding to clearance portion 412. Second dovetail
portion 552B is concavely arcuately divergent from undercut sidewall 130, thereby defining a

clearance gap 554B between first dovetail sidewall 401 and undercut sidewall 130.

[0030] FIG. 7 is a third detail 503 depicting a third embodiment of the engagement between
first dovetail sidewall 401 and undercut sidewall 130. In third detail 503, first dovetail sidewall
401 includes a first dovetail portion 550C corresponding to bearing portion 410 and a second
dovetail portion 552C corresponding to clearance portion 412. Second dovetail portion 552C is
linearly divergent from undercut sidewall 130 at two distinct angles, thereby defining a clearance

gap 554C between first dovetail sidewall 401 and undercut sidewall 130.

[0031] FIG. 8 is a fourth detail 504 depicting a fourth embodiment of the engagement between
first dovetail sidewall 401 and undercut sidewall 130. In fourth detail 504, first dovetail sidewall
401 includes a first dovetail portion 550D corresponding to bearing portion 410 and a second
dovetail portion 552D corresponding to clearance portion 412. Second dovetail portion 552D is
convexly arcuately divergent from undercut sidewall 130, thereby defining a clearance gap 554B

between first dovetail sidewall 401 and undercut sidewall 130.

[0032] FIG. 9 is a fifth detail 505 depicting a fifth embodiment of the engagement between
first dovetail sidewall 401 and undercut sidewall 130. In fifth detail 505, first dovetail sidewall
401 includes a first dovetail portion 550E corresponding to bearing portion 410 and a second
dovetail portion 552E corresponding to clearance portion 412. Second dovetail portion 552E is
both linearly divergent and concavely arcuately divergent from undercut sidewall 130, thereby

defining a clearance gap 554D between first dovetail sidewall 401 and undercut sidewall 130.

[0033] FIG. 10 is a sixth detail 506 depicting a sixth embodiment of the engagement between
first dovetail sidewall 401 and undercut sidewall 130. In sixth detail 506, first dovetail sidewall

-7-
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401 includes a first dovetail portion S50F corresponding to bearing portion 410 and a second
dovetail portion 552F corresponding to clearance portion 412. Second dovetail portion 552F is
both concavely and convexly arcuately divergent from undercut sidewall 130, thereby defining a

clearance gap 554F between first dovetail sidewall 401 and undercut sidewall 130.

[0034] FIG. 11 is a seventh detail 507 depicting a seventh embodiment of the engagement
between first dovetail sidewall 401 and undercut sidewall 130. In seventh detail 507, undercut
sidewall 130 includes a first undercut sidewall portion 550G corresponding to bearing portion
410 of first dovetail sidewall 401 and a second undercut sidewall portion 552G corresponding to
clearance portion 412 of first dovetail sidewall 401. Second sidewall portion 552G is linearly
divergent from first dovetail sidewall 401, thereby defining a clearance gap 554G between first

dovetail sidewall 401 and undercut sidewall 130.

[0035] FIG. 12 is an eighth detail 508 depicting an eighth embodiment of the engagement
between first dovetail sidewall 401 and undercut sidewall 130. In eighth detail 508, undercut
sidewall 130 includes a first undercut sidewall portion S50H corresponding to bearing portion
410 of first dovetail sidewall 401 and a second undercut sidewall portion 552H corresponding to
clearance portion 412 of first dovetail sidewall 401. Second sidewall portion 552H is concavely
arcuately divergent from first dovetail sidewall 401, thereby defining a clearance gap 554H

between first dovetail sidewall 401 and undercut sidewall 130.

[0036] FIG. 13 is a ninth detail 509 depicting a ninth embodiment of the engagement between
first dovetail sidewall 401 and undercut sidewall 130. In ninth detail 509, undercut sidewall 130
includes a first undercut sidewall portion 5501 corresponding to bearing portion 410 of first
dovetail sidewall 401 and a second undercut sidewall portion 5521 corresponding to clearance
portion 412 of first dovetail sidewall 401. Second sidewall portion 552I is linearly divergent
from first dovetail sidewall 401 at two distinct angles, thereby defining a clearance gap 5541

between first dovetail sidewall 401 and undercut sidewall 130.

[0037] FIG. 14 is a tenth detail 510 depicting a tenth embodiment of the engagement between
first dovetail sidewall 401 and undercut sidewall 130. In tenth detail 510, undercut sidewall 130
includes a first undercut sidewall portion 550J corresponding to bearing portion 410 of first
dovetail sidewall 401 and a second undercut sidewall portion 552J corresponding to clearance

portion 412 of first dovetail sidewall 401. Second sidewall portion 552J is convexly arcuately
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divergent from first dovetail sidewall 401, thereby defining a clearance gap 554J between first

dovetail sidewall 401 and undercut sidewall 130.

[0038] FIG. 15 is an eleventh detail 511 depicting an eleventh embodiment of the engagement
between first dovetail sidewall 401 and undercut sidewall 130. In eleventh detail 511, undercut
sidewall 130 includes a first undercut sidewall portion 550J corresponding to bearing portion
410 of first dovetail sidewall 401 and a second undercut sidewall portion 552K corresponding to
clearance portion 412 of first dovetail sidewall 401. Second sidewall portion 552K is both
linearly divergent and concavely arcuately divergent from first dovetail sidewall 401, thereby

defining a clearance gap 554K between first dovetail sidewall 401 and undercut sidewall 130.

[0039] FIG. 16 is a twelfth detail 512 depicting a twelfth embodiment of the engagement
between first dovetail sidewall 401 and undercut sidewall 130. In twelfth detail 512, undercut
sidewall 130 includes a first undercut sidewall portion 550J corresponding to bearing portion
410 of first dovetail sidewall 401 and a second undercut sidewall portion 552L corresponding to
clearance portion 412 of first dovetail sidewall 401. Second sidewall portion 552L is both
convexly and concavely arcuately divergent from first dovetail sidewall 401, thereby defining a

clearance gap 554L between first dovetail sidewall 401 and undercut sidewall 130.

[0040] FIG. 17 is a detail view of circumferential segment 400. Specifically, FIG. 17 is a
detail view 600 of the engagement between second dovetail sidewall 404 and wedge sidewall
402 of FIG. 4 according to an alternative embodiment. In the alternative embodiment, second
dovetail sidewall 404 includes a bearing portion 620 configured to engage wedge sidewall 402
and a clearance portion 622 configured to be spaced from wedge sidewall 402 during relatively
light loading of propeller assembly 100 (depicted in FIG. 1) and to be engaged with second
dovetail sidewall 404 during relatively heavy loading of propeller assembly 100. The
engagement between second dovetail sidewall 404 and wedge sidewall 402 may be similar to,
but is not limited to, the engagements depicted in FIGs. 5-16. For example, in the embodiment
depicted in FIG. 17 (and similar to the embodiment depicted in FIG. 5), second dovetail sidewall
404 includes a first dovetail portion 650 corresponding to bearing portion 620 and a second
dovetail portion 652 corresponding to clearance portion 622. Second dovetail portion 652 is
linearly divergent from wedge sidewall 402, thereby defining a clearance gap 654 between
second dovetail sidewall 404 and wedge sidewall 402. In other embodiments, second dovetail
portion 652 may be configured to be any of convexly arcuately divergent from wedge sidewall

402, concavely arcuately divergent from wedge sidewall 402, linearly divergent from wedge
0.
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sidewall 402, or any combination thereof. In still other embodiments, second dovetail sidewall
404 may be substantially uniform while a portion of wedge sidewall 402 is at least one of
linearly divergent and/or arcuately divergent from second dovetail sidewall 404, thereby
defining clearance gap 654. In certain embodiments, propeller assembly 100 includes at least
one of the engagement between first dovetail sidewall 401 and undercut sidewall 130 described
above with reference to FIGs. 5-16 and the engagement between second dovetail sidewall 404

and wedge sidewall 402, as described above with reference to FIG. 17.

[0041] FIG. 18 is an axial view of another embodiment of a marine propeller assembly 700. In
the example embodiment, a hub 702 includes a central bore 704 configured to receive a
propulsion shaft 706 therethrough. In some embodiments, hub 702 is keyed onto propulsion
shaft 706 using, for example, but not limited to, a keyed joint 708 including a keyway 710, a
keyseat 712, and a key 714. Keyed joint 708 is used to connect hub 702 to propulsion shaft 706.
Keyed joint 708 prevents relative rotation between connect hub 702 to propulsion shaft 706 and
facilitates torque transmission between hub 702 and propulsion shaft 706. In one embodiment,
an outer radial surface 716 of hub 702 includes a plurality of circumferentially spaced flats 718.
Each flat is configured to receive a blade dovetail 720 or a wedge 722. Specifically, flats 718
are generally planar surfaces that are complementary to a planar radially inner surface 724 of
dovetail 720 and a radially inner surface 726 of wedge 722. In various embodiments, flats 718
and surfaces 724 and 726 have contoured surfaces that are complementary with respect to each
other. For example, flats may include a generally concave contour while surfaces 724 and 726
include a generally convex contour and vice versa. Other contours may be used and each
contour may be a simple contour or may be a complex contour. Blade dovetail 720 is retained
against hub 702 by wedges 722 positioned on either circumferential side of blade dovetail 720.
Wedge sidewalls 728 of wedges 722 are undercut to fit with complementary dovetail sidewalls
730 of blade dovetail 720. Wedges 722 are retained against hub 702 using for example,
fasteners 732, such as, but not limited to threaded fasteners, for example, bolts. In one
embodiment, a head 734 of fastener 732 is countersunk into a radially outer surface 736 of

wedge 722.

[0042] In certain embodiments, dovetail sidewalls 730 include a bearing portion 750
configured to engage wedge sidewalls 728 and a clearance portion 752 configured to be spaced
from wedge sidewalls 728 during relatively light loading of propeller assembly 700 and to be

engaged with at least one of wedge sidewalls 728 during relatively heavy loading of the
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propeller assembly 700. For example, wedge sidewalls 728 include first wedge sidewall
portions 770 corresponding to bearing portions 750 of dovetail sidewalls 730 and second
sidewall portions 772 corresponding to clearance portions 752 of dovetail sidewalls 730. Second
sidewall portions 772 are concavely arcuately divergent from dovetail sidewalls 730, thereby
defining clearance gaps 774 between dovetail sidewalls 730 and wedge sidewalls 728. In other
embodiments, second sidewall portions 772 may be convexly arcuately divergent, concavely
arcuately divergent, linearly divergent, or any combination thereof. In still other embodiments,
wedge sidewalls 728 may be substantially uniform while portions of dovetail sidewalls 730 are
at least one of linearly divergent and/or arcuately divergent from wedge sidewalls 728, thereby
defining clearance gaps 774. In still other embodiments, propeller assembly 700 may be
configured such that only one of the two engagements between blade dovetail 720 and adjacent

wedges 722 includes clearance gap 774.

[0043] The above-described propeller assembly provides a system for reducing stresses
induced in propeller or fan blades, particularly separable composite propeller blades, during
operation of the propeller assembly. Specifically, the above-described propeller assembly
system includes propeller blades having blade dovetails including a bearing portion configured
to engage a channel sidewall (e.g., a sidewall of a channel in a central hub or a sidewall of a
blade wedge) and a clearance portion configured to be spaced from the channel sidewall during
relatively light loading of the propeller assembly and to be engaged with the channel sidewall

during relatively heavy loading of the propeller assembly.

[0044] An exemplary technical effect of the methods, systems, and apparatus described herein
includes at least one of: (a) reducing induced stress in the propeller blades, enabling use of
lighter, less robust propeller blades; (b)enabling the use of separable propeller blades,
facilitating the use of alternative blade construction methods and materials; and (c) reducing
overall system weight while maintaining or improving engine performance and mitigating stress

risks to the propeller blades.

[0045] Exemplary embodiments of propeller systems are described above in detail. The
propeller systems are not limited to the specific embodiments described herein, but rather,
components of the systems may be utilized independently and separately from other components

and/or steps described herein.
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[0046] Although specific features of various embodiments of the disclosure may be shown in
some drawings and not in others, this is for convenience only. In accordance with the principles
of the disclosure, any feature of a drawing may be referenced and/or claimed in combination

with any feature of any other drawing.

[0047] This written description uses examples to disclose the embodiments, including the best
mode, and also to enable any person skilled in the art to practice the embodiments, including
making and using any devices or systems and performing any incorporated methods. 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

language of the claims.
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WHAT IS CLAIMED IS:
1. A propeller assembly, comprising:
a central hub comprising:

a first forward-facing end, a second aft-facing end, and a hub body extending

therebetween; and

a plurality of channels spaced circumferentially around said central hub and extending
between said first forward-facing end and said second aft-facing end, each channel of

said plurality of channels comprising a channel sidewall,

a plurality of blade wedges configured to be inserted into said plurality of channels, each blade

wedge of said plurality of blade wedges comprising a wedge sidewall; and

a plurality of blades, each blade of said plurality of blades comprising a blade dovetail retained
within a respective channel of said plurality of channels by a respective blade wedge of said
plurality of blade wedges, each said blade dovetail comprising a dovetail face configured to
engage one of a respective channel sidewall of said respective channel of said plurality of
channels and a respective wedge sidewall of said respective blade wedge of said plurality of

blade wedges, each said dovetail face comprising:

a bearing portion configured to engage said one of said respective channel sidewall of
said respective channel and said respective wedge sidewall of said respective blade

wedge; and

a clearance portion configured to be spaced from said one of said respective channel
sidewall and said respective wedge sidewall by a clearance gap during a first loading of
the propeller assembly and to be engaged with said one of said respective channel
sidewall and said respective wedge sidewall during a second loading of the propeller

assembly, the second loading greater than the first loading.

2. The propeller assembly in accordance with Claim 1, wherein said each channel extends

arcuately between said forward-facing end and said aft-facing end.
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3. The propeller assembly in accordance with Claim 1, wherein each said dovetail face

further comprises:

a first dovetail face portion substantially parallel to said one of said respective channel sidewall
of said respective channel of said plurality of channels and said wedge sidewall of said

respective blade wedge of said plurality of blade wedges; and

a second dovetail face portion divergent from said one of said respective channel sidewall and

said respective wedge sidewall.

4. The propeller assembly in accordance with Claim 3, wherein each said second dovetail
face portion is at least one of (i) linearly divergent at one angle from one of said respective
channel sidewall of said respective channel of said plurality of channels and said respective
wedge sidewall of said respective blade wedge of said plurality of blade wedges; (i1) linearly
divergent at multiple angles from said one of said respective channel sidewall and said
respective wedge sidewall; and (iii) arcuately divergent from said one of said respective channel

sidewall and said respective wedge sidewall.

5. The propeller assembly in accordance with Claim 1, wherein each said one of said
respective channel sidewall of said respective channel of said plurality of channels and said
respective wedge sidewall of said respective blade wedge of said plurality of blade wedges

comprises:
a first wall portion substantially parallel to said dovetail face; and
a second wall portion divergent from said dovetail face.

6. The propeller assembly in accordance with Claim 5, wherein each said second wall
portion is at least one of (i) linearly divergent at one angle from said dovetail face; (ii) linearly
divergent at multiple angles from said dovetail face; and (iii) arcuately divergent from said

dovetail face.

7. The propeller assembly in accordance with Claim 1, wherein said each blade comprises

one of a metal material, a composite material, and a combination thereof.

8. The propeller assembly in accordance with Claim 1, wherein each said blade dovetail

further comprises:
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a second dovetail face configured to engage a second sidewall of said respective channel
sidewall of said respective channel of said plurality of channels and said respective wedge
sidewall of said respective blade wedge of said plurality of blade wedges, each said second

dovetail face comprising:

a second bearing portion configured to engage said second sidewall of said respective
channel sidewall of said respective channel and said respective wedge sidewall of said

respective blade wedge; and

a second clearance portion configured to be spaced from said second sidewall of said
respective channel sidewall and said respective wedge sidewall by a second clearance
gap during a third loading of the propeller assembly and to be engaged with said second
sidewall of said respective channel sidewall and said respective wedge sidewall during a

fourth loading of the propeller assembly, the fourth loading greater than the third loading.

9. A separable blade assembly for use in a rotating bladed assembly, the rotating bladed
assembly including a central hub including a first forward-facing end, a second aft-facing end,
and a hub body extending therebetween, and a plurality of channels spaced circumferentially
around the central hub and extending between the first forward-facing end and the second aft-

facing end, said blade assembly comprising:

a blade wedge configured to be inserted into a respective channel of the plurality of channels,

said blade wedge comprising a wedge sidewall; and

a blade comprising a blade dovetail configured to be retained within the respective channel of
the plurality of channels by said blade wedge, said blade dovetail comprising a dovetail face
configured to engage one of a respective channel sidewall of the respective channel and said

wedge sidewall, said dovetail face comprising:

a bearing portion configured to engage said one of the respective channel sidewall of the

respective channel and said wedge sidewall; and

a clearance portion configured to be spaced from said one of the respective channel
sidewall and said wedge sidewall by a clearance gap during a first loading of the rotating

bladed assembly and to be engaged with said one of the respective channel sidewall and
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the respective wedge sidewall during a second loading of the propeller assembly, the

second loading greater than the first loading.

10.  The separable blade assembly in accordance with Claim 9, wherein said dovetail face

comprises:

a first dovetail face portion substantially parallel to said one of the respective channel sidewall of

the respective channel of the plurality of channels and said wedge sidewall; and

a second dovetail face portion divergent from said one of the respective channel sidewall and

said wedge sidewall.

11. The separable blade assembly in accordance with Claim 10, wherein said second dovetail
face portion is configured to be, when said blade dovetail is retained within the respective
channel by said blade wedge, at least one of (i) linearly divergent at one angle from said one of
the respective channel sidewall of the respective channel of the plurality of channels and said
wedge sidewall; (i1) linearly divergent at multiple angles from said one of the respective channel
sidewall and said wedge sidewall; and (ii1) arcuately divergent from said one of the respective

channel sidewall and said wedge sidewall.

12.  The separable blade assembly in accordance with Claim 9, wherein said one of the
respective channel sidewall of the respective channel of the plurality of channels and said wedge

sidewall is said wedge sidewall, said wedge sidewall further comprising:
a first wall portion substantially parallel to said dovetail face; and
a second wall portion divergent from said dovetail face.

13.  The separable blade assembly in accordance with Claim 12, wherein said second wall
portion is configured to be, when said blade dovetail is retained within the respective channel by
said blade wedge, at least one of: (i) linearly divergent at one angle from said dovetail face;
(i) linearly divergent at multiple angles from said dovetail face; and (iii) arcuately divergent

from said dovetail face.

14. The separable blade assembly in accordance with Claim 9, wherein said blade comprises

one of a metal material, a composite material, and a combination thereof.
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15. The separable blade assembly in accordance with Claim 9, wherein said blade dovetail

further comprises:

a second dovetail face configured to engage a second sidewall of said one of the respective
channel sidewall of the respective channel of the plurality of channels and said wedge sidewall,

said second dovetail face comprising:

a second bearing portion configured to engage said second sidewall of the respective

channel sidewall and said wedge sidewall; and

a second clearance portion spaced from said second sidewall of the respective channel
sidewall and said wedge sidewall by a second clearance gap during a third loading of the
separable blade assembly and to be loaded during a fourth loading of the separable blade
assembly, the fourth loading greater than the third loading.

16. A propeller assembly, comprising
a central hub comprising:

a first forward-facing end, a second aft-facing end, and a hub body extending

therebetween; and

an outer radial surface, said outer radial surface further comprising a plurality of

circumferentially spaced flats;

a plurality of blade wedges coupled to at least a portion of said plurality of circumferentially
spaced flats, each blade wedge of said plurality of blade wedges comprising a wedge sidewall,
wherein said plurality of blade wedges define a plurality of channels spaced circumferentially

around said central hub and extending between said forward end and said aft end; and

a plurality of blades, each blade of said plurality of blades comprising a blade dovetail retained
within a respective channel of said plurality of channels by a respective blade wedge of said
plurality of blade wedges, said blade dovetail comprising a dovetail face configured to engage a
respective wedge sidewall of said respective blade wedge of said plurality of blade wedges, each

said dovetail face comprising:
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a bearing portion configured to engage said respective wedge sidewall of said respective

blade wedge; and

a clearance portion configured to be spaced from said respective wedge sidewall by a
clearance gap during a first loading of the propeller assembly and to be engaged with said
respective wedge sidewall during a second loading of the propeller assembly, the second

loading greater than the first loading.

17.  The propeller assembly in accordance with Claim 16, wherein said each channel extends

arcuately between said first forward-facing end and said second aft-facing end.

18.  The propeller assembly in accordance with Claim 16, wherein each said dovetail face

comprises:

a first dovetail face portion substantially parallel to said wedge sidewall of said respective blade

wedge of said plurality of blade wedges; and

a second dovetail face portion divergent from said respective wedge sidewall, wherein each said
second dovetail face portion is at least one of (i) linearly divergent at one angle from said
respective wedge sidewall of said respective blade wedge of said plurality of blade wedges;
(i1) linearly divergent at multiple angles from said respective wedge sidewall; and (ii1) arcuately

divergent from said respective wedge sidewall.

19.  The propeller assembly in accordance with Claim 16, wherein each said respective

wedge sidewall of said respective blade wedge of said plurality of blade wedges comprises:
a first wall portion substantially parallel to said dovetail face; and

a second wall portion divergent from said dovetail face, wherein said second wall portion is at
least one of (i) linearly divergent at one angle from said dovetail face; (ii) linearly divergent at

multiple angles from said dovetail face; and (iii) arcuately divergent from said dovetail face.

20.  The propeller assembly in accordance with Claim 16, wherein each said blade comprises

one of a metal material, a composite material, and a combination thereof.
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