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“A rotor hub for a tail rotor of a rotorcraft”

ABSTRACT

The invention is related to a rotor hub 9 for a tail rotor of a
rotorcraft that comprises a plurality of tail rotor blades, the rotor hub
O comprising: a central blade mount 16 that is adapted for being
attached to the plurality of tail rotor blades; and a cup-shaped hub-
body 15 that comprises at least one ring-shaped outer wall 15a and at
least one ring-shaped inner wall 15b that are adapted for supporting
the plurality of tail rotor blades, the cup-shaped hub-body 15
comprising at least one bottom wall 15c, the at least one ring-shaped
outer wall 15a coaxially encompassing the at least one ring-shaped
inner wall 15b, wherein the central blade mount 16 Is mounted to the
at least one bottom wall 15¢, and wherein the at least one ring-

shaped inner wall 15b exhibits a polygonal cross-section.
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A rotor hub for a tail rotor of a rotorcraft

The iInvention is related to a rotor hub for a tail rotor of a
rotorcraft that comprises a plurality of tail rotor blades which are

drivable by means of an associated tail rotor drive shaft.

The document EP 0 686 554 A1 describes a rotorcraft with a
main rotor and a counter-torque rotor that Is positioned at a tail boom
of the rotorcraft. The counter-torque rotor s provided for
counteracting main rotor torque created by the main rotor on a
respective airframe of the rotorcraft. More specifically, the counter-
torque rotor is rotatably arranged within a transverse duct located at
a duct-type portion of the tail boom and, thus, embodied as a ducted
tail rotor in the form of a Fenestron® tail rotor. The duct-type portion
IS provided with a shroud that defines the transverse duct. However,
as such a counter-torque rotor and, more specifically, structure and
arrangement of a ducted tail rotor in general, as well as suitable
means for rotationally driving it, are well known by the skilled person,
a more detailed description thereof is omitted for brevity and

conciseness.

Beyond that, the documents US 3,594,097, US 4,626,172, US
4,626,173, US 5,306,119, and US 5,383,767 describe suitable pitch
control devices for controlling collective pitch of tail rotor blades of a
ducted tail rotor. More specifically, these pitch control devices
respectively include a rotor hub that consists of several components
Including, as main components, a hub-body, a splined flange, and a
pitch control member, which i1s also referred to as “control spider”.
The hub-body builds the support of the tail rotor blades of the ducted
tail rotor, which generate thrust to counteract a respective main rotor

torque. The generated thrust is varied by in- or decreasing a
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predetermined angle of attack of the tail rotor blades by means of
pitch angle control using the control spider. In other words, a
respectively required counteracting thrust that is generated by the tail
rotor blades for counteracting the main rotor torque created by the
main rotor I1s controlled by in- and decreasing the predetermined

angle of attack of the tail rotor blades.

More specifically, in order to enable the pitch angle control, the
tail rotor blades are supported along their blade axes to enable a
rotation thereof around the blade axes. Therefore, the hub-body
rotatably supports the tail rotor blades. Furthermore, the hub-body iIs
rigidly mounted to the splined flange for drivingly coupling the tail
rotor blades to a tail rotor drive shaft of an associated tail gearbox
that drives the ducted tail rotor in operation. Thus, In operation the
splined flange transfers a drive torque from the tail rotor drive shaft to
the hub-body such that the latter rotates, thereby entraining the tail
rotor blades while the collective pitch of the tail rotor blades is

controlled using the control spider.

In general, the hub-body is open on one side for ease of access
during assembling and maintenance. However, during flight the hub-

body must be closed with a cover, in particular with an aerodynamic
cover, I. e. a so-called fairing, which protects a respective interior of
the hub-body from the environment. Respective fairings are already

frequently used for main rotors of rotorcrafts and, e. g., described in
the documents EP 2 727 832 A1 and WO 2007/055813 AZ2.

The fairing is usually made from a thin metal sheet and is only
used as an aerodynhamic and environmental protection of the interior

of the hub-body. The connection of the fairing to the hub-body is
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generally realized by retainer springs. With these retainer springs, the

fairing i1s clipped into the hub-body.

Such a connection, nevertheless, bears the risk of rotation in
operation and may result in a blow off of the fairing, which could
damage the ducted tail rotor or the tail boom to a high extend. More
specifically, the connection is generally prone to faulty assembly,
which may result in insufficient clamping and subsequently lead to
rotation of the fairing relative to the hub-body, leading to a
comparatively high wear of the hub-body, as well as a complete loss
of the fairing, resulting in major damages to the ducted tail rotor or
the tail boom. Furthermore, the connection frequently involves an
aerodynamic step, which results in a reduction of available power due

to increased drag of the rotor hub.

In contrast thereto, the documents US 4,626,172 A and US
4,626,173 A describe a rotor hub, wherein a fairing is mounted to a
corresponding hub-body by means of a force-fitted connection. Thus,

at least the faulty assembly described above can be avoided.

The hub-body as such must be suitable for support and transfer
of the centrifugal force of the tail rotor blades resulting from their
rotation. Moreover, as a given ducted tail rotor is usually positioned
at an aft position of a respective rotorcraft, its weight has a big
Impact on an overall center of gravity of the rotorcraft. Furthermore,
for enabling introduction of a required rotation and torque into the
hub-body such that rotation of the hub-body and the respective tail
rotor blades for generation of the respectively required counteracting
thrust is enabled, a strong and durable connection of the hub-body to
the tail gearbox respectively the tail rotor drive shaft must be

provided. Finally, for design purposes as well as initial mounting and
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maintenance reasons, the given ducted tail rotor should be easy to
assemble to the tail gearbox and include as few movabie paris as

possible for positioning and clamping of the tail rotor blades Inside of

the hub-body.

Usually, a connection of the hub-body to the tail gearbox
respectively its tail rotor drive shaft, as well as support of the tail
rotor blades n centrifugal direction is realized with a single
component, i. e. the splined flange. This splined flange conventionally
consists of a metallic splined sleeve which is mounted to a splined
section of the tail rotor drive shaft to transfer rotation and torque from
the tail gearbox into the ducted tail rotor. In order to provide for a
sufficient strength required for a secure and reliable transfer of
rotation and torque, the splined flange is conventionally made of
titanium or steel. Furthermore, In order to realize transfer of rotation
and torque from the splined flange into the hub-body, both
components are usually rigidly attached to each other by means of

shear bushings or blade bolts.

More specifically, the splined flange is usually provided with a
borehole circle introduced into two horizontal flange plates which are
positioned on top and below corresponding tail rotor Dblade
attachments and merged respectively integrally formed in one piece
with the metallic splined sleeve. To position the tail rotor blades
vertically, there is usually one sliding bushing per tail rotor blade,
which clamps the tail rotor blade against a bottom plate of the splined

flange with a respective blade bolt.

In order to allow rotation of the tail rotor blades relative to the
hub-body and, thus, control generation of the respectively required

counteracting thrust by means of the pitch angle control as described
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above, the hub-body which builds the support of the tail rotor blades
s provided with suitable torsion bearings. More specifically, the hub-
body usually comprises two coaxial circular walls, which are provided

with such torsion bearings for support of the tail rotor blades, which

WA

may, thus, be rotated in respectively by means of the torsion bearings
relative to the hub-body. By this support, i. e. via the torsion
bearings, respectively occurring lead-lag and flapping moments are
transmitted from the taill rotor blades into the hub-body. These
moments create a comparatively high loading on the hub-body, which
10 results In a comparatively high stress concentration and deformation
of the hub-body.

However, one conseguence of a comparatively large
deformation of the hub-body are large blade tip deflections, which
lead to Increased gaps between the tail rotor blades and an

15 associated duct of a given ducted tail rotor and, therefore, thrust
losses. These thrust losses may at least be decreased by decreasing
an existing tolerance of the torsion bearings that are provided for
support of the tail rotor blades. In fact, this existing tolerance Is
depending on the hub-body deformation resulting from the moments

20 and reduction thereof leads to improvement of an underlying thrust

capacity of the given ducted tail rotor. The underlying thrust capacity
and power of the given ducted tail rotor may further be improved if the
support of respective blade attachments of the tail rotor blades is
Implemented more rigidly such that the blade tip deflections are

25 reduced In operation.

Nevertheless, the hub-body is frequently made from a forged
aluminium part that is subsequently machined, so that the hub-body

design that is open on one side as described above provides only for

a comparatively low bending stiftness due to its geometry.
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Furthermore, due to the opening on one side of the hub-body, a
comparatively high stress concentration may occur, which can lead to
local failure and cracks. Therefore, in order to reach an acceptable
stiffness of the hub-body that i1s open on one side, currently two
different measures are applied: Application of reinforcement elements
such as ribs and stringers, and/or application of reinforcement by

increased wall thicknesses.

More specifically, application of reinforcement elements e. g.
comprises introduction of a stiffening ring into the hub-body, which
runs closely below the top of the hub-body. Thus, the bending
stiffness iIs increased significantly without a remarkable weight
impact. Alternatively, application of reinforcement by increased wall
thicknesses e. g. comprises reinforcement of the rims and
corners/radii in order to increase the components stiffness. Due to the
large areas which have to be reinforced, this however results In a

heavy weight impact on the hub-body.

The documents US 4,626,172 A and US 4,626,173 A describe a
rotor hub with a hub-body that can be formed from an injected and

possibly reinforced synthetic material. This would at least already

allow a significant weight reduction of the hub-body.

The document US8262358 describes an airplane having an
ultra-light weight, self-lubricating propeliers hub mounted on fixed
wings and housing an engine. The engine rotates a propeller which
Includes variable pitch propeller blades, connected to a rotational
drive interface rotated by the engine. A center hub portion is formed
of metal and cast or machined as a single piece. A drum-like
composite outer hub portion surrounds and is mounted on an inner

hub portion of the hub. The outer hub portion is generally hollow and
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has fore and aft, spaced apart composite hub plates. The composite
hub plates are connected together by a tapered composite structural
section of the outer hub portion. The hub plates are also connected to
each other by boomerang-shaped composite stiffener ribs which are
generally C-shaped. The center hub portion has a central counter
bore for receiving a drive shaft adapter for connection to the drive

interface.

The document EP0301995 describes a fiber reinforced braided
composite main helicopter rotor hub retention plate. The retention
plate comprises a fiber reinforced resin braided tubular ring having
substantially circumferential fibers interwoven with angled fibers
disposed about a central core. Arms extend inward from the braided

ring for attachment to a driveshaft.

It iIs an object of the present invention to provide a new rotor
hub for a ducted tail rotor of a rotorcraft that enhances support of
respective tail rotor blades in order to improve thrust and control

behavior of the ducted tail rotor.

This object is solved by a rotor hub for a tail rotor of a rotorcraft

that comprises a plurality of tail rotor blades which are drivable by

means of an associated tail rotor drive shaft.

More specifically, according to the invention a rotor hub for a
tail rotor of a rotorcraft that comprises a plurality of tail rotor blades
which are drivable by means of an associated tail rotor drive shaft is
provided. The rotor hub comprises a central blade mount and a cup-
shaped hub-body. The central blade mount is adapted for being
attached to the plurality of tail rotor blades. Furthermore, the central

blade mount is provided with a metallic splined sleeve that is adapted

for being drivingly coupled to the associated tail rotor drive shaft. The
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cup-shaped hub-body comprises at least one ring-shaped outer wall

and at least one ring-shaped inner wall that are adapted for
supporting the plurality of tail rotor blades. Furthermore, the cup-
shaped hub-body comprises at least one bottom wall that is provided
with a central aperture and that connects the at least one ring-shaped
outer wall to the at least one ring-shaped inner wall. The at least one
ring-shaped outer wall coaxially encompasses the at least one ring-
shaped inner wall. Furthermore, the central blade mount Is mounted
to the central aperture. Moreover, the at least one ring-shaped inner

wall exhibits a polygonal cross-section.

Advantageously, the inventive rotor hub exhibits a decreased
overall weight, an increased stiffness and improved reliability, lifetime
and safety. According to one aspect, the design of the hub-body is
iIntended to provide cylindrical supports for the tail rotor blades and to
provide suitable connection means in centrifugal direction of the tail
rotor blades. A cylindrical support can generally either be achieved by
machining an aperture into a flat or a spherical surface, while
machining an aperture into a cylindrical surface would result in an
elliptic aperture. Advantageously, the ring-shaped inner wall with the
polygonal cross-section provides the flat surfaces. Such an

iImplementation is, however, not suitable for the ring-shaped outer
wall, as the |atter needs to be provided with an aerodynamic outer
surface, which is not the case for a polygonal ring. Therefore, the

ring-shaped outer wall is preferentially implemented in spherical

design.

A respective height of both walls is defined by a predetermined
diameter of associated torsion bearings provided for supporting the
tail rotor blades in the walls. Furthermore, the ring-shaped outer wall

Is preferably recessed respectively set back and, consequently,
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provided with a stepped rim over a predefined length to provide a
smooth aerodynamic contour at a predetermined connecting interface

between the hub-body and a hub cover without any disruptive step.

Preferably, the hub-body is realized as a composite component

5 by curing composite materials, preferentially carbon fiber reinforced
polymers, in a suitable tooling, which simplifies realization of the flat
surfaces that compose the ring-shaped inner wall. In this case, the
bottom wall of the hub-body is preferably designed to provide an as
smooth as possible transition of respective composite fibers from the

10 vertical inner and outer walls to respective horizontal connecting
points of blade attachments of the tail rotor blades. If, however, the
hub-body is realized using a metal by means of manufacturing with a
turning process, the ring-shaped inner wail can be implemented In

spherical design, at least with respect to its inner circumference.

15 According to one aspect, by realizing the hub-body and
preferably also an associated hub cover with composite materials,
preferentially carbon fiber reinforced polymers, the hub-body and the
associated hub cover can be implemented with a comparatively stiff
but lightweight design. In particular, improved material allocation to

20  high stress areas can, thus, be performed without weight impact or a
requirement of a complex manufacturing process. Advantageously,
the improved stiffness results in reduced gaps at associated tail rotor
blade supports provided by the hub-body, thus, improving the thrust
and control behaviour of the ducted tail rotor. Moreover, a damage

25 tolerant design due to underlying characteristics of the composite

materials can be achieved.

According to a preferred embodiment, the at least one inner wall

comprises a predetermined number of flat sections. The
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predetermined number of flat sections Is Interconnected for creating

the polygonal cross-section of the at least one inner wall.

According to a further preferred embodiment, at least a
predefined number of the predetermined number of flat sections Is
provided with round apertures that are adapted for supporting
associated ones of the plurality of tail rotor blades. The round

apertures exhibit circular cross-sections.

According to a further preferred embodiment, the at least one

outer wall exhibits a spherical cross-section.

According to a further preferred embodiment, the at least one
outer wall I1s provided with a predefined number of round apertures
that are adapted for supporting associated ones of the plurality of tail

rotor blades. The round apertures exhibit circular cross-sections.

According to a further preferred embodiment, the at least one
inner wall comprises a predetermined number of flat sections. The
predetermined number of flat sections 1s Interconnected for creating
the polygonal cross-section of the at least one inner wall. At least a
predefined number of the predetermined number of flat sections is

provided with round apertures which exhibit circular cross-sections

and which are adapted for supporting associated ones of the plurality
of tail rotor blades. The round apertures of the predefined number of
the predetermined number of flat sections and the round apertures of

the at least one outer wall are aligned coaxially.

According to a further preferred embodiment, the cup-shaped
hub-body is made of fiber reinforced polymers, the fiber reinforced
polymers comprising at least one of carbon fiber reinforced polymers,

glass fiber reinforced polymers and aramid fiber reinforced polymers.
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According to a further preferred embodiment, the at least one
outer wall comprises a stepped rim that is provided at a free end of

the at least one upper wall.

According to a further preferred embodiment, a predetermined
5 number of hub cover attachments is mounted to the stepped rim,

preferably a predetermined number of riveted nuts.

According to a further preferred embodiment, the rotor hub
further comprises a hub cover that comprises an outer circular edge.
The outer circular edge is adapted for being rigidly attached to the

10 stepped rim of the cup-shaped hub-body.

According to one aspect, the hub cover is formed with an inner
foam core which is covered by several skin layers on the in- and
outside of the hub cover In order to achieve a comparatively high
stiffness of the hub cover at comparatively low weight. More
specifically, by providing the foam core between an inner and an
outer skin of the hub cover, a predefined distance between the inner
and outer skins can be realized, i. e. a predetermined offset between
the inner and outer skins, and therefore an overall stiffness of the hub

cover can be increased. Preferably, only three skin layers are
20 arranged on the outside of the hub cover for creating the outer sKkin,

and only two skin layers are arranged on the inside of the hub cover
for creating the inner skin. Therefore, according to one aspect
reinforcement layers respectively patches are provided at least at
respective locations, where the hub cover is to be attached to the

25 hub-body in order to introduce the loads from the hub-body properly.

According to a further preferred embodiment, the hub cover
comprises an outer skin and an inner skin that are interconnected at

the outer circular edge for creating the outer circular edge.
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According to a further preferred embodiment, a foam core Is

arranged between the outer and inner skins.

According to a further preferred embodiment, a predetermined
number of openings is provided at the outer circular edge, the hub
cover being adapted for being rigidly attached to the stepped rim of
the cup-shaped hub-body at the predetermined number of openings.

According to a further preferred embodiment, the hub cover is

provided with a reinforcement patch at each one of the predetermined

number of openings.

According to one aspect, the connection between the hub cover
and the hub-body is realized as a force-fitted connection by mounting
riveted nuts on top of the ring-shaped outer wall of the hub-body and
by using bolts to fit the hub cover to the hub-body. The bolts
preferably travers the reinforcement patches and are, preferentially,
implemented as countersunk bolts for enabling a clean aerodynamic
outer contour of the hub cover. In particular, occurring loads can
either be transmitted via friction or form-fitted bolts. However, the
reinforcement patches are preferably only located at respective

connection points, while otherwise a predetermined gap between the
hub cover and the hub-body is provided.

Advantageously, the force-fitted connection between the hub
cover and the hub-body allows to decrease wear on the hub-body as
any rotation of the hub cover relative to the hub-body in operation of
the inventive rotor hub is prevented. Furthermore, any risk of a blow
off of the hub cover is beneficially eliminated and, therefore, safety of
the Inventive rotor hub is Iincreased significantly. Moreover, by
providing the hub cover as a structural element with the hub-body via

the force-fitted connection, a comparatively high stiffness increase
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without weight increase can be achieved for the inventive rotor hub.
Finally, a smooth aerodynamic shape at the force-fitted connection
can be provided, thereby reducing drag and improving thrust

capability of the inventive rotor hub.

In summary, the inventive rotor hub advantageously enables a
secure and reliable fixation of the plurality of tail rotor blades In
centrifugal direction as well as a secure connection to an associated
tail gearbox and transfer of torque loadings into the hub-body of the
rotor hub. Furthermore, the inventive rotor hub is comparatively
lightweight, can be manufactured with reduced, comparatively low
costs and comprises a reduced number of movable parts, which must
be taken Into consideration during (dis-) assembling and

maintenance.

In particular, by applying a composite design to the hub-body
and the hub cover, a comparatively stiff but lightweight support of the
tail rotor blades can be achieved. |In fact, by using composite
materials, respective fiber orientations and sequences within the hub-
body and hub cover can be adapted to occurring loadings and
stiffness requirements without creating heavy weight or complex to
manufacture metallic components. The best ratio of stiffness to
welight is reached by using carbon fiber reinforced polymers. In
addition, application of the composite design eliminates the risk of

crack propagation due to damage tolerant behavior.

Furthermore, the hub cover is advantageously no longer only
used as an aerodynamic cover, but moreover also as a structural
element that is connected to the hub-body by a force-fitted
connection. This significantly increases an overall stiffness of the

assembly of hub-body and hub cover without impact on weight or
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costs. Moreover, the usually occurring aerodynamic step at the
connection of conventional hub covers to conventional hub-bodies
and the respectively resulting drag are now eliminated and, therefore,

an available power is increased.

The present invention is further related to a rotorcraft with a

rotor hub as described above.

Preferred embodiments of the invention are outlined by way of
example In the following description with reference to the attached
drawings. In these attached drawings, identical or identically
functioning components and elements are labeled with identical
reference numbers and characters and are, consequently, only

described once in the following description.

- Figure 1 shows a side view of a rotorcraft with a ducted tail
rotor according to the invention, and an enlarged perspective view of

the ducted tail rotor,

- Figure 2 shows a partially cut plan view of the ducted tail rotor
of Figure 1 with a rotor hub having a hub-body and a hub cover

according to the invention,

- Figure 3 shows a perspective view of the rotor hub of Figure 2

with the hub-body according to the invention,

- Figure 4 shows a sectional view of the rotor hub of Figure 3

with a central blade mount according to one aspect,
- Figure 5 shows a perspective view of the hub-body of Figure 3,

- Figure 6 shows a cut view of a section of the hub-body of

Figure 3 and Figure 5,
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- Figure 7 shows a perspective view of a top side of the hub

cover of Figure 2,

- Figure 8 shows a perspective view of a bottom side of the hub

cover of Figure 2 and Figure 7,
- Figure 9 shows a cut view of the rotor hub of Figure 2, and

- Figure 10 shows attachment of the hub cover of Figure 7 and

Figure 8 to the hub-body of Figure 3 and Figure 5.

Figure 1 shows a rotorcraft 1 with a fuselage 2 that comprises a
taill boom 2a. The rotorcraft 1 is illustratively embodied, and therefore

hereinafter for simplicity also referred to, as a helicopter.

The helicopter 1 comprises at least one main rotor 1a
configured to provide lift and forward thrust during operation, and at
least one counter-torque device 8 configured to provide counter-
torque during operation, i. e. to counter the torque created by rotation
of the at least one main rotor 1a for purposes of balancing the
helicopter 1 in terms of yaw. It should, however, be noted that the
present invention is not limited to helicopters and may likewise be
applied to other aircrafts that are equipped with rotary wings and at

least one counter-torque device according to the present invention.

The at least one counter-torque device 8 is illustratively
provided at an aft section 1b of the tail boom 2a, which preferably
comprises at least one duct-type portion 7. By way of example, the aft
section 1b further comprises a bumper 4 and a fin 5 in the form of a
T-tail having a tail wing 5a and a rudder 5b. The tail wing 5a is
preferably adjustable in its inclination and can overtake the

functioning of a horizontal stabilizer. Alternatively, or in addition, the
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helicopter 1 1s provided with a suitable horizontal stabilizer. The
rudder 5b is preferably adapted to provide for enhanced directional
control of the helicopter 1 and can be deflected to large angles to

reduce a given lateral drag of the fin 5§ in sideward flight.

However, it should be noted that the T-tail configuration of the
fin 5 and the rudder 5b, as well as the horizontal stabilizer, are
merely described for illustrating one exemplary embodiment of the
present invention and not for limiting the invention accordingly.
Instead, the present invention as described hereinafter can be used
with any arbitrary duct-type portion of a rotorcraft, independent on
whether this duct-type portion is provided with a T-tail fin or an
otherwise configured fin, with or without a rudder and with or without

a horizontal stabilizer.

Preferably, the duct-type portion 7 is provided with a shroud 3
that defines at least one transverse duct 6 having preferentially an at
least approximately circular or annular cross section, wherein at least
one counter-torque rotor 8a Is arranged rotatably. The at least one
transverse duct 6 illustratively extends through the shroud 3.

Furthermore, at least one counter-torque stator 8b is fixedly arranged
Inside the at least one transverse duct 6 in order to support the at

least one counter-torque rotor 8a rotatably.

The counter-torque rotor 8a, the counter-torque stator 8b and
the shroud 3, 1. e. the transverse duct 6, illustratively define the at
least one counter-torque device 8 of the helicopter 1, which is
embodied in the form of a ducted tail rotor and, more specifically, in
the form of a Fenestron® tail rotor. Accordingly, for simplicity and

clarity, the counter-torque device 8 and, in particular, the counter-
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torque rotor 8a is hereinafter also referered to as the “ducted tail

rotor”.

The at least one ducted tail rotor 8a illustratively comprises a
rotor hub 9 with a rotor axis, and a plurality of tail rotor blades 10 that
5 are attached to the rotor hub 9. The plurality of tail rotor blades 10 is
preferably, but not necessarily, distributed in an angularly uneven
manner on the rotor hub 9 using phase modulation. More specifically,
phase modulation describes the technique of reshaping the noise-
frequency spectrum, e. g. such that the geometric angular positions of
10 the plurality of tail rotor blades 10 on the rotor hub 9 are distributed
using the sinusoidal modulation law described in the document EP 0

680 871 A1. ‘

The at least one counter-torque stator 8b illustratively
comprises a drive shaft fairing 11 that is fixedly arranged inside the at

15 least one transverse duct 6 and connects a gearbox fairing 12 to the
shroud 3. The drive shaft fairing 11 is preferably adapted to receive a
power transmission shaft of the at least one ducted tail rotor 8a. The
gearbox fairing 12 is further connected to the shroud 3 by means of
associated stator vanes (13 in Figure 2). Preferably, the gearbox

20 fairing 12 is adapted to receive a rotor drive transmission of the at
least one ducted tail rotor 8a and can further be adapted to receive

pitch variation mechanisms for the plurality of tail rotor blades 10.

Figure 2 shows the duct-type portion 7 of Figure 1 with the at

least one ducted tail rotor 8a and the at least one counter-torque

25 stator 8b, which are arranged in the at least one transverse duct 6 of
the shroud 3. Preferably, the at least one ducted tail rotor 8a is
arranged in close proximity to the at least one counter-torque stator

8b and, more specifically, upstream to the at least one counter-torque
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stator 8b with respect to an air flow generated by the ducted tail rotor

8a in operation.

The at least one ducted tail rotor 8a comprises the plurality of

tail rotor blades 10 and the rotor hub 9, which illustratively comprises

5 a hub-body 15 that is covered respectively closed on one side by
means of an assoclated hub cover 14. The at least one counter-
torque stator 8b comprises the drive shaftt fairing 11 that is fixedly
arranged Inside the at least one transverse duct 6 and connects the
gearbox fairing 12 to the shroud 3. The gearbox fairing 12 is

10 connected to the shroud 3 by means of associated stator vanes 13.

Preferably, the ducted tail rotor 8a is provided with a pitch
control device that is at least adapted for controlling collective pitch
of the plurality of tail rotor blades 10. The pitch control device Is
preferably actuatable by means of an associated pitch control shaft

15 which, in turn, is e. g. operated by the pitch variation mechanisms
accommodated in the gearbox fairing 12. However, a suitable pitch
control device as such as well as suitable pitch variation mechanisms
as such are well-known to the person skilled in the art and not part of
the present invention. Therefore, they are not described in more

20 detail, for brevity and conciseness.

According to one aspect, the ducted tail rotor 8a is driven In
operation by means of an associated tail rotor drive shaft 8c, which
preterably drivingly couples the hub-body 15 of the rotor hub 9 of the
ducted tail rotor 8a to an associated tail gearbox, e. g. via a rotor

25 drive transmission that is accommodated in the gearbox fairing 12, as
described above at Figure 1. Preferably, the hub-body 15 is adapted
for supporting the plurality of tail rotor blades 10, which are, thus,

drivable by means of the associated tail rotor drive shaft 8c.
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Figure 3 shows the hub-body 15 of the rotor hub 9 of Figure 1
and Figure 2. According to one aspect, the hub-body 15 is bowl!- or
cup-shaped and comprises an outer wall 15a, an inner wall 15b and a
bottom wall 15¢c. The outer wall 15a and the inner wall 15b are

5 preferably adapted for supporting the plurality of tail rotor blades 10
of the tail rotor 8a of the rotorcraft 1 of Figure 1 and Figure 2.

More specifically, the outer wall 15a and the inner wall 15b are
preferably ring-shaped and integrally formed, preferentially in one
piece, with the bottom wall 15c, such that the latter connects the

10 outer wall 15a to the inner wall 15b. The cuter wall 15a is preferably
implemented in spherical design and exhibits a spherical cross-
section respectively a circular profile. The inner wall 15b s
preferentially implemented in polygonal design and exhibits a

polygonal cross-section respectively a polygonal profile.

15 More specifically, the inner wall 15b preferably comprises a
predetermined number of flat sections. However, for simplicity and
clarity of the drawings, only three flat sections are representatively
labelled with the reference number 15i. The flat sections 151 are

preferentially interconnected for creating the polygonal cross-section
20 of the inner wall 15b.

According to one aspect, at least the bottom wall 15¢c is made of
fiber reinforced polymers and adapted for being attached to the
plurality of tail rotor blades 10 of Figure 1 and Figure 2. However,
also the outer wall 15a and the inner wall 15b and, thus, the entire

25 hub-body 15 is preferentially made of fiber reinforced polymers.
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More specifically, according to one aspect the entire hub-body
15 comprises carbon fiber reinforced polymers. However, other fiber
reinforced polymers, such as e. ¢g. glass and/or aramid fiber

reinforced polymers, are likewise contemplated.

The outer wall 15a and the inner wall 15b are preferably
coaxially arranged such that the outer wall 15a coaxially
encompasses the inner wall 15b. Both, the outer and Inner wall 15a,
15b are preferably provided with a predetermined number of round
apertures that are coaxially aligned. By way of example and for
simplicity and clarity of the drawings, only two coaxially aligned,
round apertures are labelled with the reference number 15d.
lllustratively, these two coaxially aligned, round apertures 15d are
equipped with suitable torsion bearings 18 that are adapted for
rotatably bearing an associated one of the plurality of tail rotor blades
10 of Figure 1 and Figure 2. Similarly, all other coaxially aligned,
round apertures in the outer and inner walls 15a, 15b are likewise
equipped with suitable torsion bearings that are adapted for rotatably
bearing other ones of the plurality of tail rotor blades 10 of Figure 1

and Figure 2.

More specifically, according to one aspect at least a predefined
number of the flat sections 151, and preferentially each one of the flat
sections 151, I1s provided with an associated one of the round
apertures 15d that preferably exhibits a circular cross-section.
Furthermore, according to one aspect the outer wall 15a is provided
with a corresponding predefined number of round apertures 15d,

which preferentially also exhibit circular cross-sections.

Furthermore, the outer wall 15a is preferably provided with a

stepped rim 15) that is arranged at a free end of the at least one
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upper wall 15a. According to one aspect, a predetermined number of
hub cover attachments 15e is mounted to the stepped rim 15j. The
piurality of cover attachments 15e is preferentially adapted to allow a
secure and reliable attachment of the hub cover 14 of Figure 2 to the
hub-body 15. Thus, the plurality of hub cover attachments 15e can be
iImplemented by any means that allow implementation of such a
secure and reliable attachment. Preferably, the plurality of hub cover
attachments 15e is realized by means of riveted nuts such that the
hub cover 14 of Figure 2 may be screwed onto the hub-body 15 using

sultable screws or bolts, in particular countersunk screws.

According to one aspect, the hub-body 15 is provided with a
central aperture 15g that is adapted for receiving at least partly a
central blade mount (16 in Figure 4), as described below with
reference to Figure 4. The central aperture 15g is preferably provided
in the bottom wall 15c. Furthermore, preferably a plurality of openings
is provided In the bottom wall 15¢ for accommodating blade bolts (20
In Figure 9) which are adapted for attaching the plurality of tail rotor
blades 10 of Figure 1 and Figure 2 together with the central blade
mount (16 in Figure 4) to the bottom wall 15c. Preferably, for defining
the plurality of openings a number of openings is provided that
corresponds to a respective number of tail rotor blades that defines
the plurality of tail rotor blades 10 of Figure 1 and Figure 2. However,
for simplicity and clarity of the drawings only a single opening is
labelled with the reference number 15f. According to one aspect, the
central aperture 15g and the openings 15f are provided in a
reinforced central portion of the bottom wall 15¢c of the hub-body 15,

which is preferentially implemented as a reinforced central baseplate
15h.
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Figure 4 shows the rotor hub 9 of Figure 1 and Figure 2 with the
hub-body 15 of Figure 2 and Figure 3, and with a central blade mount
16. However, for simplicity and clarity of the drawings, the hub cover

14 of Figure 2 is omitted.

According to one aspect, the central blade mount 16 is adapted
for being attached to the plurality of tail rotor blades 10 of Figure 1
and Figure 2. Preferably, the central blade mount 16 is mounted to
the reinforced central baseplate 15h and, more specifically, to the

central aperture 15g.

The central blade mount 16 is according to one aspect
implemented as a splined flange 17 which preferentially comprises at
least a metallic splined sleeve 17a that is adapted for being drivingly
coupled to the tail rotor drive shaft 8c of Figure 2. The metallic

splined sleeve 17a preferably comprises steel and/or titanium.

According to one aspect, the metallic splined sleeve 17a
comprises an inner splined circumference 17d. This inner splined
circumference 17d is preferably adapted for drivingly engaging a
correspondingly splined outer circumference of the tail rotor drive

shaft 8c of Figure 2.

Preferably, the central blade mount 16 further comprises an
upper flange 17b and a lower flange 17c. The upper and lower flanges
17b, 17c are preferably rigidly attached to or integrally formed with,
preferentially in one piece, the metallic splined sleeve 17a.
Preferably, the upper and lower flanges 17b, 17c are adapted for
being attached to the plurality of tail rotor blades 10 of Figure 1 and
Figure 2.
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According to one aspect, the central blade mount 16 is glued
and/or bonded to the reinforced central baseplate 15h. More
specifically, preferably the lower flange 17c is glued and/or bonded to
the reinforced central baseplate 15h. However, the central blade

5 mount 16 respectively the lower flange 17¢c may alternatively only be
rigidly attached to the reinforced central baseplate 15h by means of
blade bolts (20 in Figure 9) which are adapted for attaching the
plurality of tail rotor blades 10 of Figure 1 and Figure 2 together with

the central blade mount 16 to the bottom wall 15c¢.

10 Figure 5 shows the hub-body 15 of Figure 3 and Figure 4 that
comprises the outer wall 15a, the inner wall 15b and the bottom wall
15¢. Figure 5 further illustrates and clarifies the polygonal design of
the inner wall 15b, the spherical design of the outer wall 15a, the
stepped rim 15) provided on the outer wall 15a, and the coaxial

15 alignment of the round apertures 15d provided in the inner and outer
walls 15b, 15a.

Figure 6 shows a portion of the hub-body 15 of Figure 3 to

Figure 5, which is according to one aspect implemented by means of

fiber reinforced polymers. More specifically, an exemplary ply layout

20  of the hub-body 15 with the outer wall 15a, the inner wall 15b, and the

bottom wall 15¢ that includes the reinforced central baseplate 15h is
IHlustrated.

According to one aspect, a quasi-isotropic build-up is applied to

the hub-body 15 for creating an easy ply layout without any additional

25 patches or stripes. Preferably, the ply layout I1s separated into four
major elements: an outer contour 19a, an inner contour 186, an inner

U-shape 19c¢, and an outer U-shape 19d.
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The outer contour 19a is preferably laminated and represents at
least approximately half of the thickness of the outer wall 15a and
forms a first, preferentially main portion of the reinforced centrai
baseplate 15h. The inner contour 19b preferably represents at least
approximately half of the thickness of the inner wall 15b and forms a
second portion of the reinforced central baseplate 15h. The inner U-
shape 19c and the outer U-shape 19d preferably connect the inner

and outer walls 15b, 15a with each other and, thus, create a stiff

combination of the inner and outer walls 15b, 15a.

The Inner U-shape 19c¢c and the outer U-shape 19d are
Illustratively implemented as two separate components In order to
ease manufacturing and for improving respective radii. However, the
iInner U-shape 19¢ and the outer U-shape 19d may also be

Implemented as a single component, i. e. as one combined shape.

More specifically, the outer contour 19a preferably consists of
two different ply layouts. A first layer I1s preferably formed using
several smaller plies that are split at the radii of the hub-body 15. The
first layer is preferentially split at every radius to be able to drape the
plies easily into the radii. If the plies are not draped properly into the
radii, this may result in resin accumulations that may weaken the hub-
body 15. The succeeding layers preferably consist of six ply slices
which together create one layer. With this ply layout, it i1s harder to
drape the plies properly into the radii. But, nevertheless, with the

Inventive configuration a sufficient forming of the radii is possible.

Advantageously, the ply layout of the outer contour 19a is such
that every ply section overlaps a previous one just enough to create

one continuous layer with all overlaps In combination. Thus,
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manufacturing effort and costs are reduced by the time that it takes to

laminate one layer, and its respective material costs.

The inner contour 19b is preferably basically a reduced copy of
the outer wall 15a, but instead of realizing a spherical contour, the
vertical polygonal inner wall 15b is formed. More specifically, each
layer of the inner contour 19b preferably consists of six identical ply
slices. The ply slices overlap similar to those of the outer contour 19a
to decrease the layers to be laminated and, therefore, manufacturing
time and costs are decreased. This use of the overlap i1s only possible
with a quasi-isotropic ply layout, as the succeeding overlaps differ in

orientation.

According to one aspect, a filler 19e is arranged between the
outer contour 19a, the inner U-shape 19c and the outer U-shape 19d.
The filler 19e is preferably used to close any open space that occurs
due to the radii at the bottom wall 15¢ of the inner wall 15b. Thus, the
outer contour 19a, the inner U-shape 19c and the outer U-shape 19d
are tightly bonded at their joint defined by the filler 19e. Preferably,

the filler 19e is made from composite stacking and cut automatically.

Figure 7 shows the hub cover 14 of the rotor hub 9 of Figure 1
and Figure 2. According to one aspect, the hub cover 14, which is
exemplarily embodied In the shape of a frisbee with a central
opening, comprises an outer circular edge 14f that Is adapted for
being rigidly attached to the stepped rim 15] of the cup-shaped hub-
body 15 of Figure 3 to Figure 6.

More specifically, the outer circular edge 14f is preferably
provided with a predetermined number of openings 14a. According to

one aspect, the predetermined number of openings 14a is provided so
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as to enable a rigid attachment of the hub cover 14 to the stepped rim

15) of the cup-shaped hub-body 15 of Figure 3 to Figure 6.

Figure 8 shows the hub cover 14 with the predetermined number
of openings 14a and the outer circular edge 14f of Figure 7.
According to one aspect, the hub cover 14 comprises an outer skin
14b and an inner skin 14c¢ that are interconnected at the outer circular
edge 14f for creating the outer circular edge 14f. Preferably, a foam

core 14d iIs arranged between the outer and inner skins 14b, 14c.

The outer and inner skins 14b, 14c are preferably embodied
using fiber reinforced polymers. Preferentially, the fiber reinforced
polymers comprise at least one of carbon fiber reinforced polymers,

glass fiber reinforced polymers and aramid fiber reinforced polymers.

According to one aspect, the outer circular edge 14f is provided
with a predetermined number of reinforcement patches. However, for
simplicity and clarity of the drawings, only a single reinforcement
patch Is representatively labelled with the reference sign 14e.
Preferably, a reinforcement patch 14e is provided at the outer circular
edge 14f at each one of the predetermined number of openings 14a.
The reinforcement patches 14e are used to strengthen the outer
circular edge 14f at respective positions of the predetermined number
of openings 14a. At the same time, the outer circular edge 14f is
thickened at these respective positions by the reinforcement patches
14e.

Figure 9 shows the rotor hub 9 of Figure 1 and Figure 2 with the
hub-body 15 of Figure 2 to Figure 5, with the central blade mount 16
of Figure 4 that is implemented as a splined flange 17, and with the
hub cover 14 of Figure 2, Figure 7 and Figure 8. Furthermore, by way

of example a single tail rotor blade of the plurality of tail rotor blades
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10 of Figure 1 and Figure 2 is shown, which Iis rotatably
accommodated in the outer and inner walls 15a, 15b of the hub-body
15, as described above at Figure 3, and rigidly attached to the central

blade mount 16 by means of a suitable blade bolt 20.

According to one aspect, the hub cover 14 and, more
specifically, its outer circular edge 14f is rigidly attached to the outer
wall 15a of the hub-body 15 in the region of the stepped rim 195). By
way of example, a single attachment by means of a cover bolt 21 is
shown, which is preferably screwed into an associated riveted nut
that implements one of the hub cover attachments 15e. Thus, the rigid
attachment creates a force-fitted connection between the
reinforcement patch 14e and the stepped rim 15 using the cover bolt
21 and the riveted nut 15e.

It should be noted that Figure 9 clearly illustrates the
aerodynamically shaped contour defined by the connection between
the hub cover 14 and the hub-body 15. In particular, this contour is
embodied according to one aspect without any exterior, disruptive

step or overhang.

Figure 10 shows the rotor hub 9 of Figure 9 with the hub cover
14 and the hub-body 15. More specifically, Figure 10 further
illustrates the rigid attachment between the outer circular edge 14f of

the hub cover 14 and the outer wall 15a of the hub-body 15 in the

region of the stepped rim 15] in greater detail.

In part (A) of Figure 10, the force-fitted connection between one
of the reinforcement patches 14e and the stepped rim 15) is
exemplified. The reinforcement patch 14e reinforces the outer circular
edge 14f at a respective position of one of the predetermined number

of openings 14a. The opening 14a is preferably implemented with a
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countersink and, thus, allows use of a countersunk screw for
Implementing the cover bolt 21 of Figure 9. The countersunk screw 21
Is at least partly arranged in the opening 14a, traverses the stepped

rim 15j and is rigidly screwed into the riveted nut 15e.

5 Preferably, a washer 22 is at least partly arranged between the
countersunk screw 21 and the outer circular edge 14f. Thus, the outer
circular edge 14f with the reinforcement patch 14e, and the stepped
r'm 15] are clamped between the washer 22, respectively the

countersunk screw 21, and the riveted nut 15e.

10 In part (B) of Figure 10, the countersunk screw 21 and the
washer 22 are shown in greater detail. Part (B) further illustrates the
aerodynamically shaped connection between the hub cover 14 and
the hub-body 15.

In part (C) of Figure 10, the stepped rim 15j is illustrated

15 relative to the outer circular edge 14f with respect to an exemplary
region, where no one of the reinforcement patches 14e is arranged. In

this exemplary region, preferably a gap 23 is formed between the

outer circular edge 14f and the stepped rim 15j.

It should be noted that the above described, preferred

20 embodiments are merely described to illustrate possible embodiments
of the present Invention, but not in order to restrict the present
invention thereto. Instead, multiple modifications and variations of the
Invention are possible and should, therefore, also be considered as

being part of the invention.

25 For instance, while according to the illustrated embodiments the
hub cover 14 of the rotor hub 9 is only provided with the
reinforcement patches 14e at the predetermined number of openings
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14a, an annular reinforcement component may Ilikewise be
Implemented for the entire outer circular edge 14f of the hub cover
14. Furthermore, the outer circular edge 14f of the hub cover 14 may

be provided with a stepped rim instead of providing the outer wall 15a

5 of the hub-body 15 with the stepped rim 15j, and so on.

CA 3006933 2018-05-31




30

Reference List
1 rotorcraft
'1a main rotor
1b  fuselage aft section
5 2 fuselage

23 tail boom

3 shroud
4 bumper
5 fin
10 S5a taill wing
5b  rudder
& transverse duct

/ duct-type tail portion
3 counter-torque device
15 8a counter-torque rotor

8b  counter-torque stator
8Cc  counter-torque rotor drive shaft
0 counter-torque rotor hub

10  counter-torque rotor blades
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11 drive shaft fairing
12 gearbox fairing
13  stator vanes
14  rotor hub cover
5 14a hub-body attachment openings
14b hub cover outer skin
14c  hub cover inner skin
14d hub cover foam core
14e reinforcement patch
10 14f outer cover edge
15 rotor hub-body
15a outer circular wall
15b inner polygonal wall
15¢ bottom wall
15 15d round apertures
15e hub cover attachments
15f blade bolt receiving openings
156g central aperture

15h reinforced central baseplate
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151 flat sections
15) stepped rim
16 central blade mount
17 splined flange
5 17a splined sleeve

17b  upper flange
17¢ lower flange
17d inner splined circumference
18  torsion bearings

10 19a outer contour
19b inner contour
19¢  inner U-shape

19d outer U-shape

19e filler

15 20 blade bolt

21 cover bolt
22 washer

23 gap
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CLAIMS

1. A rotor hub (9) for a tail rotor (8a) of a rotorcraft (1) that
comprises a plurality of tail rotor blades (10) which are drivable by
means of an associated tail rotor drive shaft (14), the rotor hub (9)

comprising:

a central blade mount (16) that is adapted for being attached
to the plurality of tail rotor blades (10), the central blade mount (16)
being provided with a metallic splined sleeve (17a) that is adapted for
being drivingly coupled to the associated tail rotor drive shaft (14);
and

a cup-shaped hub-body (15) that comprises at least one ring-
shaped outer wall (15a) and at least one ring-shaped inner wall (15b)
that are adapted for supporting the plurality of tail rotor blades (10),
the cup-shaped hub-body (15) comprising at least one bottom wall
(15¢) that is provided with a central aperture (15g) and that connects
the at least one ring-shaped outer wall (15a) to the at least one ring-
shaped inner wall (15b), the at least one ring-shaped outer wall (15a)
coaxially encompassing the at least one ring-shaped inner wall (15b),
wherein the central blade mount (16) is mounted to the central
aperture (15g), and wherein the at least one ring-shaped inner wall

(15b) exhibits a polygonal cross-section.
2. The rotor hub (9) of claim 1,

wherein the at least one inner wall (15b) comprises a predetermined
number of flat sections (15i), the predetermined number of flat
sections (151) being interconnected for creating the polygonal cross-

section of the at least one inner wall (15b).
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3. The rotor hub (9) of claim 2,

wherein at least a predefined number of the predetermined number of
flat sections (151) is provided with round apertures (15d) that are
adapted for supporting associated ones of the plurality of tail rotor
blades (10), and wherein the round apertures (15d) exhibit circular

cross-sections.
4. The rotor hub (9) of claim 1,

wherein the at least one outer wall (15a) exhibits a spherical cross-

section.
5. The rotor hub (9) of claim 4,

wherein the at least one outer wall (15a) is provided with a predefined
number of round apertures (15d) that are adapted for supporting
associated ones of the plurality of tail rotor blades (10), and wherein

the round apertures (15d) exhibit circular cross-sections.
6. The rotor hub (9) of claim 5,

wherein the at least one inner wall (15b) comprises a predetermined
number of flat sections (15i), the predetermined number of flat
sections (151) being interconnected for creating the polygonal cross-
section of the at least one inner wall (15b), wherein at least a
predefined number of the predetermined number of flat sections (151)

IS provided with round apertures (15d) which exhibit circular cross-
sections and which are adapted for supporting associated ones of the
plurality of tail rotor blades (10), and wherein the round apertures
(15d) of the predefined number of the predetermined number of flat
sections (151) and the round apertures (15d) of the at least one outer

wall (15a) are alighed coaxially.
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7. The rotor hub (8) of claim 1,

wherein the cup-shaped hub-body (15) is made of fiber reinforced
polymers, the fiber reinforced polymers comprising at least one of
carbon fiber reinforced polymers, glass fiber reinforced polymers and

aramid fiber reinforced polymers.
8. The rotor hub (9) of claim 1,

wherein the at least one outer wall (15a) comprises a stepped rim

(15]) that is provided at a free end of the at least one outer wall
(15a).

9. The rotor hub (9) of claim 8, further comprising a hub cover
(14),

wherein a predetermined number of hub cover attachments (15e) is

mounted to the stepped rim (15j).
10. The rotor hub (9) of claim 8, further comprising:

a hub cover (14) that comprises an outer circular edge (14f), the outer
circular edge (14f) being adapted for being rigidly attached to the
stepped rim (15)) of the cup-shaped hub-body (15).

11. The rotor hub (9) of claim 10,

wherein the hub cover (14) comprises an outer skin (14b) and an

iInner skin (14c) that are interconnected at the outer circular edge

(14f) for creating the outer circular edge (14f).
12. The rotor hub (9) of claim 11,

wherein a foam core (14d) is arranged between the outer and Inner
skins (14b, 14c).

CA 3006933 2019-06-07



36

13. The rotor hub (9) of claim 11,

wherein a predetermined number of openings (14a) is provided at the
outer circular edge (14f), the hub cover (14) being adapted for being

rigidly attached to the stepped rim (15j) of the cup-shaped hub-body
(15) at the predetermined number of openings (14a).

14. The rotor hub (9) of claim 13,

wherein the hub cover (14) is provided with a reinforcement patch

(14e) at each one of the predetermined number of openings (14a).

15. The rotor hub (9) of claim 9, wherein the predetermined
number of hub cover attachments (15c¢) is mounted to the stepped rim

(15)) using a predetermined number of riveted nuts.

16. A rotorcraft (1) with a rotor hub (9) according to any one of
claims 1 to 15.
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