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PROPULSOR HUB WEIGHT ELEMENT AND BALANCING METHOD

BACKGROUND

[0001] The subject matter disclosed herein relates to a propulsor hub and, more
particularly, to a structurally efficient integral weight balance approach for a propulsor hub.

[0002] A compound helicopter may include an airframe, a main rotor assembly and a
propulsor assembly. The main rotor assembly is typically operably disposed at an upper
portion of the airframe and may include coaxial, counter-rotating main rotors. The propulsor
assembly could then be operably disposed at the tail portion of the airframe.

[0003] In order to operate efficiently and predictably, the main rotor assembly for a
non-coaxial helicopter is weighed to be balanced evenly about its hub. Typically, such weight
balance is achieved by adding weighed elements to the central portion of the hub itself.
However, since the weighed elements are at the central portion of the hub, the amount of

added weight can be significant and thus results in a relatively heavy rotor assembly.

BRIEF DESCRIPTION

[0004] According to one aspect, a propulsor hub is provided and includes a casing
including an inner annular part and blade-connection parts extending outwardly from the
inner annular part, a liner having inner and outer opposed radial ends, the liner being
disposed about a corresponding one of the blade-connection parts with the inner radial end
thereof at a distance from the inner annular part and a weighted element securely disposed
about the corresponding one of the blade-connection parts to abut the outer radial end of the
liner.

[0005] In accordance with additional or alternative embodiments, the blade-
connection parts are provided as eight blade-connection parts uniformly arrayed about the
inner annular part.

[0006] In accordance with additional or alternative embodiments, the liner is provided
as a plurality of liners respectively disposed about each of the blade-connection parts.

[0007] In accordance with additional or alternative embodiments, the multiple liners
are provided on each of the blade-connection parts at a distance from each other.

[0008] In accordance with additional or alternative embodiments, the weighted

element abuts the outer radial end of the outermost liner.
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[0009] In accordance with additional or alternative embodiments, the multiple
weighted elements are respectively securely disposed about each of the blade-connection
parts in a weight balanced arrangement.

[0010] In accordance with additional or alternative embodiments, the liner includes a
rigid flange at the inner radial end and an grooved flange at the outer radial end.

[0011] In accordance with additional or alternative embodiments, the weighted
element includes tungsten.

[0012] In accordance with additional or alternative embodiments, the weighted
element includes first and second weighted element halves that are tightly fittable together
about the corresponding one of the blade-connection parts.

[0013] In accordance with additional or alternative embodiments, the propulsor hub
further includes a nut configured to be tightened onto the corresponding one of the blade-
connection parts to secure the weighted element in an abutment condition with the outer
radial end of the liner.

[0014] According to another aspect, a propulsor hub balancing method is provided for
use with a propulsor hub including a casing, the casing including an inner annular part and a
blade-connection part extending outwardly from the inner annular part. The method includes
disposing a weighted element about the blade-connection parts to abut an outer radial end of
liner in a weight balanced arrangement, and securing the weighted element to press against
the outer radial end of the liner using a securing element.

[0015] In accordance with additional or alternative embodiments, the method further
includes testing the weight balanced arrangement, if the testing reveals that the weight
balanced arrangement is out of balance, removing the weighted element and/or adding
another weighted element to refine the weight balanced arrangement to arrive at a final
weight balanced arrangement and resecuring the weighted and/or another weighted element
using the securing element.

[0016] In accordance with additional or alternative embodiments, the weighted
elements each include first and second weighted element halves that are tightly fittable
together about the blade-connection parts.

[0017] In accordance with additional or alternative embodiments, the method further
includes tightening nuts onto the blade-connection parts to secure the weighted elements in
abutment conditions with the respective outer radial ends of the liners.

[0018] In accordance with additional or alternative embodiments, the adjusting

includes replacing the weighted elements with lighter or heavier weighted elements.
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[0019] These and other advantages and features will become more apparent from the

following description taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The subject matter, which is regarded as the embodiments, is particularly
pointed out and distinctly claimed in the claims at the conclusion of the specification. The
foregoing and other features, and advantages are apparent from the following detailed
description taken in conjunction with the accompanying drawings in which:

[0021] FIG. 1 is a perspective view of an aircraft in accordance with embodiments;

[0022] FIG. 2 is a perspective view of a propulsor hub in accordance with
embodiments;

[0023] FIG. 3 is an enlarged perspective view of a portion of the propulsor hub of
FIG. 2;

[0024] FIG. 4 is a cross-sectional view of the portion of the propulsor hub of FIG. 3;

[0025] FIG. 5 is an axial view of weighted element halves in accordance with
embodiments; and

[0026] FIG. 6 is a flow diagram illustrating a propulsor hub balancing method in
accordance with embodiments.

[0027] The detailed description explains embodiments, together with advantages and

features, by way of example with reference to the drawings.

DETAILED DESCRIPTION

[0028] As will be described below, a propulsor hub is provided and weight balanced
to account for variation in material thickness as well as variations in positions of assembled
components. This weight balancing is achieved using an arrangement and structural
attachment balancing method that maximizes the balance effect with a minimal amount of
weight being added to the propulsor. Embodiments include a series of ring-shaped tungsten
balance weights attached to the propulsor hub at a relatively large distance from a center of
rotation of the propulsor hub. The weight package is centered about a metal spindle at its
outermost extremity. The balance weights are compressed against liner on this spindle by a
thin profile clamping nut. Variation of balance effect is controlled by the combination of high
density ring weights and low density ring liners clamped up by the thin profile nut.

[0029] With reference to FIG. 1, an aircraft 10 is provided and may be configured in

certain embodiments as a compound helicopter with coaxial, counter-rotating main rotors and
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a propulsor. The aircraft 10 includes an airframe 11, a main rotor assembly 12 and a
propulsor assembly 13. The airframe 11 has a main portion 110, an upper portion 111 and a
tail portion 112. The main portion 110 is configured to accommodate a pilot and, in some
cases, one or more crewmen and/or passengers. The upper portion 111 is disposed above the
main portion 110 and the tail portion 112 extends in the aft direction from the main portion
110. The main rotor assembly 12 is operably disposed at the upper portion 111 of the
airframe 11. The propulsor assembly 13 is operably disposed at the tail portion 112 of the
airframe 11.

[0030] The main rotor assembly 12 includes an upper rotor 120 and a lower rotor 121
that are each drivably rotatable in opposite rotational directions about a common rotational
axis Al defined through the airframe 11 to generate lift and thrust for the aircraft 10. The
upper rotor 120 includes an upper hub 122 and upper rotor blades 123 extending outwardly
from the upper hub 122. Similarly, the lower rotor 121 includes a lower hub 124 and lower
rotor blades 125 extending outwardly from the lower hub 124. The main rotor assembly 12
may further include an aerodynamic fairing 126 interposed between the upper and lower hubs
122 and 124. Each of the upper rotor blades 123 and each of the lower rotor blades 125 can
be pivoted about a respective longitudinal axis thereof by way of collective and cyclic
commands to execute flight control (e.g., lift, pitch, roll and yaw control) of the aircraft 10.

[0031] The propulsor assembly 13 includes a propulsor 130 that is drivably rotatable
about a propulsor rotational axis A2 to generate additional thrust for the aircraft 10. While the
propulsor rotational axis A2 is shown in parallel with a longitudinal axis of the tail portion
112, it is understood that the axis A2 can be non-parallel with the longitudinal axis of the tail
portion 112 in other aspects. The propulsor 130 includes a hub 131 and rotor blades 132
extending outwardly from the hub 131. Each of the rotor blades 132 can be pivoted about a
respective longitudinal axis thereof by way of collective and cyclic commands to execute
additional flight control (e.g., thrust and yaw control) of the aircraft 10. For example, the
rotor blades 132 can be controlled collectively in order to increase or decrease aircraft 10
thrust and at low speed flight regimes, in particular, the rotor blades 132 can be controlled
cyclically to provide for increased or decreased yaw control of the aircraft 10.

[0032] Although not shown, the aircraft 10 further includes an engine, a transmission
system and a flight computer. The engine generates power by which the main rotor assembly
12 and the propulsor assembly 13 are operated and the transmission system transmits the
generated power from the engine to the main rotor assembly 12 and the propulsor assembly

13. The flight computer controls various operations of the engine, the transmission system
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and the collective and cyclic controls of the main rotor assembly 12 and the propulsor
assembly 13 in accordance with pilot inputted commands, control algorithms and current
flight conditions.

[0033] With reference to FIGS. 2-5, any of the upper hub 122 and the lower hub 124
of the main rotor assembly 12 and the hub 131 of the propulsor assembly 13 may include the
features described below and be assembled in accordance with the description provided along
with FIG. 6. For purposes of clarity and brevity it will be assumed that the descriptions
generally refer to the features and assembly method of the hub 131 of the propulsor assembly
13 (hereinafter referred to as “propulsor hub 20”) but it will be understood that this is merely
exemplary and that the descriptions can actually apply to any similar structures of the aircraft
10 or any other propulsor aircraft.

[0034] As shown in FIGS. 2-5, the propulsor hub 20 includes a casing 30, a liner 40
and a weighted element 50. The casing 30 includes an inner annular part 31 and blade-
connection parts 32. The inner annular part 31 extends longitudinally along a drive shaft
element 33 and may be cylindrically-shaped with an annular body 310. The blade-connection
parts 32 may be provided in a group of eight blade-connection parts 32 that each extend
radially outwardly from the inner annular part 31 at a uniform distance and angle from one
another. Each blade-connection part 32 may be oriented in parallel with the radial dimension
of the inner annular part 31 and may include a cylindrically-shaped or slightly tapered
annular body 320. Both the inner annular part 31 and the blade-connection parts 32 may also
be generally hollow such that the inner annular part 31 can accommodate drive shaft and hub
element components and such that the blade-connection parts 32 can accommodate inboard
blade elements of the rotor blades 132 and hub connector components of the hub 131.

[0035] In accordance with embodiments, both the inner annular part 31 and the blade-
connection parts 32 may be welded together or formed integrally with respective exterior
surfaces 311 and 321. In such cases, the exterior surface 311 of the inner annular part 31
angularly or smoothly (i.e., with rounded corners or radial interfaces 33) connects with the
exterior surface 321 of the blade-connection parts 32.

[0036] In any case, the liner 40 may be plural in number and at least one of the plural
liners 40 may be disposed on corresponding ones of the blade-connection parts 32. In detail,
each liner 40 has a liner body 401 with an inner radial end 402 and an outer radial end 403
that opposes the inner radial end 402 (see FIGS. 3 and 4). The liner bodies 401 have
cylindrically-shaped or slightly tapered interior surfaces such that they can be disposed about

each of the blade-connection parts 32 with the respective inner radial ends 402 thereof
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proximate to but at a distance from the inner annular part 31 and the respective outer ends
403 thereof remote from the inner annular part 31.

[0037] In accordance with further embodiments, the liner 40 may include a rigid
flange 404 and a grooved flange 405 (see FIG. 4). The rigid flange 404 is at the inner radial
end 402 and extends radially outwardly relative to the radial dimension of the blade-
connection part 32 to be abuttable with a complementary shoulder portion 322 of the blade-
connection part 32. The grooved flange 405 is at the outer radial end 403 and may be
provided in a hook-type configuration that extends radially inwardly, axially and then radially
outwardly relative to the radial dimension of the blade-connection part 32.

[0038] As described below, the weighted element 50 may be formed of tungsten or
another similar metallic material or metallic alloy material or of a ceramic material. The
weighted element 50 may be a single weight, or plural weights with each of the plural
weighted elements 50 securely disposable about the blade-connection parts 32. As such, in
some cases, the weighted elements 50 abut the grooved flanges 405 at the respective outer
radial ends 403 of the liners 40 in a weight-balanced arrangement or formation. While shown
with each blade-connection parts 32 having a weighted element 50, it is understood that not
all blade-connection parts 32 need to have a weighted element 50 in all aspects of the
invention.

[0039] As shown in the embodiment of FIG. 2, at least two or more liners 40 may be
disposed about each of the blade-connection parts 32 in inner and outer circumferential arrays
41 and 42. In the embodiment of FIG. 2, two liners 40 are provided at a distance from one
another at each of the blade-connection parts 32. Thus, at each blade-connection part 32, the
outer radial end 403 of the innermost one of the two liners 40 faces the inner radial end 402
of the outermost one of the two liners 40 at a distance D and the outer radial end 403 of the
outermost one of the two liners 40 is remote from the inner annular part 31.

[0040] The weighted element 50 may be formed as a solid annular body with a
generally rectangular cross-sectional shape. The weighted element 50, like the liners 40, may
be provided as plural weighted elements 50 with each being slid onto the blade-connection
parts 32 along an inward radial direction relative to the inner annular part 31 until abutting
with the outer radial end 403 of the corresponding liner 40. In this position, the weighted
element 50 provides the propulsor hub 20 with mass at a distance from the inner annular part
31. Such mass at that distant location allows for an operational (i.e., rotating) weight balanced
propulsor hub 20 as the distant mass is subject to centrifugal loading and is effectively

increased while permitting a general decrease in a rest mass of the propulsor hub 20.
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[0041] As shown in FIG. 3, the weighted element 50 can be a single circular piece. In
an alternative embodiment shown in FIG. 5, the weighted element 50 may be a circle which
is split to form first and second weighted element halves 51 and 52 (or additional numbers of
circular segments, e.g., first-third weighted element thirds, first-fourth weighted element
quarters, etc.). In such cases, the split between first and second weighted element halves 51
and 52 can be opened such that the weighted element 50 can be fit onto one of the blade-
connection parts 32 without removing the blade 132, and once on the part 32, the halves 51
and 52 can be rejoined at the split. The halves 51, 52 can be achieved using a single piece
meeting at the split, such as large split washer, or by the halves 51, 52 being combined using
fittings which are tightly fittable together above the part 32. Such fittings may be achieved by
way of, for example, a combination of temporary fittings or more permanent fittings. The
temporary fittings of the first and second weighted element halves 51 and 52 may include
screw-fittings, mechanical fittings and/or interference fittings that allow for the weighted
elements 50 to be removed from the blade-connection parts 32. By contrast, the more
permanent fittings may include welded fittings or the like that do not permit weighted
element 50 removal without the blade assembly disassembly processes being undertaken.

[0042] The propulsor hub 20 may further include fastening elements, such as a
plurality of nuts 60, to secure the weighted elements 50 in place on the blade-connection parts
32. The nuts 60 may be configured to be tightened onto the corresponding ones of the blade-
connection parts 32 to thereby secure the weighted elements 50 in the abutment condition
with the respective outer radial ends 403 of the liners 40. In addition, the nuts 60 can be
loosened from the tightened position to thereby allow the weighted elements 50 to be
manipulated, added to, removed or replaced, as will be described below, in order to obtain an
overall weight balanced condition for the propulsor hub 20.

[0043] With reference to FIG. 6, a propulsor hub balancing method for use with the
propulsor hub 20 described above is provided. The method includes disposing the liner 40
about the blade-connection part 32 with the respective inner radial ends 402 thereof at a
distance from the inner annular part 31 (operation 100) and securely disposing the weighted
element 50 about the blade-connection parts 32 to abut the respective outer radial end 403 of
the liner 40 in an initial weight balanced arrangement (operation 101). Here, the secured
disposition of the weighted elements 50 may involve coupling the first and second halves 51
and 52 of the weighted elements 50 about the blade-connection parts 32 and securing the
weighted elements 50 in position using the nut 60, or by sliding the weighted element 50 onto

the part 32. The initial weight balanced arrangement may include a same number of liners 40
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and weighted elements 50 being disposed about each of the blade-connection parts 32 but
would be testable in a propulsor operation once the assembly is completed to determine if
adjustments should be made.

[0044] In an event that testing of the initial weight balanced arrangement reveals that
refinements are needed, the method further includes repeatedly un-securing and adjusting one
or more of the weighted elements 50 to thus refine the initial weight balanced arrangement
and to thereby arrive at a final and substantially accurate weight balanced arrangement
(operation 102) and then re-securing the adjusted one or more weighted elements 50 in the
final and substantially accurate weight balanced arrangement (operation 103). In accordance
with embodiments, the adjusting of the weighted elements 50 may include, for example,
replacing some of the weighted elements 50 with those of with lighter or heavier weighted
elements 50 of similar size, replacing some of the weighted elements 50 with those of similar
weight but larger or smaller size, adding and/or subtracting weighted elements 50 to each of
the blade-connection parts 32.

[0045] It 1s understood that operation 102 need not be performed in all aspects, such
as where the initial weight balanced arrangement does not need refinement after operation
101. Additionally, it is understood that in some aspects, the blades 132 are not attached
during operations 100 through 103 and are attached to part 32 after operation 103 has been
completed, and in other embodiments, the blades 132 remain attached to part 32 during one
or all of the operations 100 through 103.

[0046] While the embodiments have been described, it should be readily understood
that the aspects are not limited to such disclosures. Rather, the embodiments can be modified
to incorporate any number of variations, alterations, substitutions or equivalent arrangements
not heretofore described, but which are commensurate with the spirit and scope of the
description. By way of example, aspects of the invention can be used in a main rotor hub, a
propeller for a fixed wing aircraft, wind turbines, or other hubs where balancing is designed.
Additionally, while various embodiments have been described, it is to be understood that
aspects may include only some of the described embodiments. Accordingly, the description is

not to be seen as so limited.
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CLAIMS:
What is claimed is:

1. A propulsor hub, comprising:

a casing including an inner annular part and blade-connection parts extending
outwardly from the inner annular part;

a liner having inner and outer opposed radial ends, the liner being disposed about a
corresponding one of the blade-connection parts with the inner radial end thereof at a distance
from the inner annular part; and

a weighted element securely disposed about the corresponding one of the blade-
connection parts to abut the outer radial end of the liner.

2. The propulsor hub according to claim 1, wherein the blade-connection parts
are provided as eight blade-connection parts uniformly arrayed about the inner annular part.

3. The propulsor hub according to either of claims 1 or 2, wherein the liner is
provided as a plurality of liners respectively disposed about each of the blade-connection
parts.

4. The propulsor hub according to any of claims 1-3, wherein multiple liners are
provided on each of the blade-connection parts at a distance from each other.

5. The propulsor hub according to claim 4, wherein the weighted element abuts
the outer radial end of the outermost liner.

6. The propulsor hub according to claim 4, wherein multiple weighted elements
are respectively securely disposed about each of the blade-connection parts in a weight
balanced arrangement.

7. The propulsor hub according to any of claims 1-6, wherein the liner
comprises:

arigid flange at the inner radial end; and

an grooved flange at the outer radial end.

8. The propulsor hub according to any of claims 1-7, wherein the weighted
element comprises tungsten.

9. The propulsor hub according to any of claims 1-8, wherein the weighted
element comprises first and second weighted element halves that are tightly fittable together
about the corresponding one of the blade-connection parts.

10. The propulsor hub according to any of claims 1-9, further comprising a nut
configured to be tightened onto the corresponding one of the blade-connection parts to secure

the weighted element in an abutment condition with the outer radial end of the liner.
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11. A propulsor hub balancing method for use with a propulsor hub including a
casing, the casing including an inner annular part and a blade-connection part extending
outwardly from the inner annular part, the method comprising:

disposing a weighted element about the blade-connection parts to abut an outer radial
end of liner in a weight balanced arrangement; and

securing the weighted element to press against the outer radial end of the liner using a
securing element.

12. The method according to claim 11, further comprising:

testing the weight balanced arrangement;

if the testing reveals that the weight balanced arrangement is out of balance, removing
the weighted element and/or adding another weighted element to refine the weight balanced
arrangement to arrive at a final weight balanced arrangement; and

resecuring the weighted and/or another weighted element using the securing element.

13. The method according to claim 11 or 12, wherein the weighted elements each
comprise first and second weighted element halves that are tightly fittable together about the
blade-connection parts.

14. The method according to any of claims 11-13, further comprising tightening
nuts onto the blade-connection parts to secure the weighted elements in abutment conditions
with the respective outer radial ends of the liners.

15. The method according to any of claims 11-14, wherein the adjusting

comprises replacing the weighted elements with lighter or heavier weighted elements.

10
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