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the disc-shaped central component 16a, wherein the disc-shaped central component 16a Is provided for being mounted to an
assoclated pitch control shaft of the ducted tall rotor, and a control transfer member 15 with a ring-shaped connector 15a and at
least two push rods 15b that extend axially from the ring-shaped connector 15a, wherein each one of the at least two push rods
15b Is provided for being coupled to an associated pitch lever of a rotor blade of the ducted tall rotor.



"PITCH CONTROL DEVICE FOR
A DUCTED TAIL ROTOR OF A ROTORCRAFT”

ABSTRACT

The invention i1s related to a pitch control device 14 for a ducted tail
rotor of a rotorcraft. The pitch control device 14 comprises a control
input member 16 with a disc-shaped central component 16a and at
least two connecting arms 16b that extend radially from the disc-
shaped central component 16a, wherein the disc-shaped central
component 16a I1s provided for being mounted to an associated pitch

control shaft of the ducted taill rotor, and a control transfer member 15
with a ring-shaped connector 15a and at least two push rods 15b that

extend axially from the ring-shaped connector 15a, wherein each one
of the at least two push rods 15b is provided for being coupled to an

associlated pitch lever of a rotor blade of the ducted tail rotor.
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PITCH CONTROL DEVICE FOR
A DUCTED TAIL ROTOR OF A ROTORCRAFT

The invention 1s related to a pitch control device for a ducted

tail rotor of a rotorcraft.

The document US4809931 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 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. This 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 US3594097, US4626172,
US4626173, USS5306119, and US5383767 describe suitable pitch
control devices for controlling collective pitch of corresponding rotor
blades of a ducted tail rotor. More specifically, these pitch control
devices respectively include a hub that consists of several
components Including, as main components, a hub body, a splined
flange to which the hub is mounted, and a pitch control member,
which Is also referred to as the “control spider”. The hub is provided
for suspension of the corresponding rotor blades and connection of
these rotor blades to an associated tail gearbox that drives the ducted
tail rotor. The rotor blades must be supported along their blade axes
to enable a rotation thereof around the blade axes and, thus, pitch

angle control of the rotor blades.
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The document US5415525 describes a helicopter having a tail

cone extending rearward from a cabin. A tail rotor I1s supported In a
laterally directed duct to produce a variable thrust force by rotating
pitched blades, around an axis of rotation. In a rotor hub with
regularly spaces rotor arms, are provided tie bars. Each tie bar
provides axial force and torsional continuity between the hub and a
pitch shaft. An upper thick flange is connected by multiple bolted
attachments to a corresponding mounting flange, supported on a pitch
beam. The pitch beam Includes four arms extending radially from the

rotor axis, also with regularly spaces.

The document US5478204 describes a helicopter having a tail
rotor hub. In the hub located at the inboard end of each pitch shaft is
a pitch arm extending radially inward toward the hub and laterally
outward a short distance from the pitch axis. Each pitch arm has a
spherical surface over which a spherical bearing is fitted. Each pitch
arm Is seated within a cylindrical recess at the inner end of the pitch
shaft and Is held in position within the recess by a pitch arm ring nut
having external screw threads engaged with internal threads on the
pitch shaft.

The document WO2007107521 describes a bolted joint for
connecting load - transferring structural parts on an aircraft. The
bolted joint comprises a slotted sleeve, a washer and a nut. The bolt
with the sleeve respectively passes through structural parts, and is

secured by the washer and the nut. The structural parts are elements

of a fork. One structural part consists of a fiber composite

In all of these pitch control devices, the control spider is
separated into two parts for accessibility and assembling reasons: a

control spider ring, which serves as control transfer member, and a
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center plate, which serves as control input member. The center plate

IS usually used for connection to a respective tail rotor actuator after

installation to a given rotorcraft.

The control spider in combination with the center plate must be
as stiff as possible in order to guarantee a required controllability and
control range despite possible deformations under Jloading.
Consequently, respective push rods provided at the control spider

ring must be as strong and stiff as possible in push and pull direction.

Furthermore, due to a high rotational speed of the ducted tail
rotor in operation, the control spider ring needs to be centered at the
center plate. This is usually realized by means of a step provided at
an outer circumference of the center plate, which is in contact with
the control spider ring. In other words, the control spider ring is
usually embodied in a cup-shaped form with a bottom section that is

provided with a cut-out portion for accommodation of the center plate.

Nevertheless, as soon as wear between the center plate and the
control spider ring exceeds a predetermined limit of approximately
0.1Tmm, the center plate and the control spider ring must be replaced.
Furthermore, the center plate needs to be centered with respect to a

control spider actuator, where similar principles with respect to wear

are applied.

In operation, pitch angle control as such is performed by means
of the control spider, which translates vertical strikes of the control
spider actuator, 1. e. strikes in a direction that is perpendicular to a
respective rotor axis, into rotation of the rotor blades. More
specifically, a respective vertical strike of the control spider actuator

can be transferred into rotation of the rotor blades by providing a
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lever arm between the control spider and the rotor blades, which are

supported at the hub body by associated bearings.

The control spider creates a comparatively stiff connection from
the control spider actuator to the rotor blades whilst keeping all
components below It, e. g. blade bolts, accessible for inspection iIn
order to ensure a required controllability of the ducted tail rotor.
However, the connection of a given rotor blade to the control spider
via the lever arm is subject to several distinct manufacturing
tolerances. These manufacturing tolerances respectively depend on
an exact position and length of each lever arm, of the rotor blades

towards each other in the hub body, and of the control spider itself.

In current designs, maximum manufacturing tolerances are
considered. In order to deal with these maximum manufacturing
tolerances, frequently an oblong bushing is in use in the control
spider, wherein a spherical joint of the lever arms can move laterally,
or vice versa. This free movement results in vibrations, different
characteristics in respective neutral pitch positions and imperfect
controliability even though respective control variations are only in a

small range of control.

In addition, each movement of the control spider in relation to
the rotor blades results in wear in either the oblong bushing or the
spherical joint. For reducing this wear to an acceptable extend,
hardened expensive materials need to be used for realization of the
corresponding components of the pitch control device. This
requirement together with the above described stiffness requirements,
however, lead to pitch control devices that are usually comparatively
heavy as a result of respectively selected materials and

iImplementations. Furthermore, a separation of the conventional pitch
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control device In a comparatively great number of distinct components

IS required due to underlying assembling processes. Moreover, the
required centering requires replacement of the complete conventional

pitch control device, If the respective limits are exceeded.

It 1s, therefore, an object of the present invention to provide a

new pitch control device with a simplified structure and reduced

weight.

This object I1s solved by a pitch control device for a ducted tail

rotor of a rotorcraft.

More specifically, according to the invention a pitch control
device for a ducted tail rotor of a rotorcraft comprises a control input
member and a control transfer member. The control input member
comprises a disc-shaped central component and at least two
connecting arms that extend radially from the disc-shaped central
component. The disc-shaped central component is provided for being
mounted to an associated pitch control shaft of the ducted tail rotor.
The control transfer member comprises a ring-shaped connector and
at least two push rods that extend axially from the ring-shaped
connector. Each one of the at least two push rods is provided for
being coupled to an associated pitch lever of a rotor blade of the

ducted tail rotor.

According to one aspect, an underlying outer diameter of the
control Input member is predefined such that the control transfer
member can at least essentially be implemented as a narrow ring that
merely connects the connecting arms of the control input member
and, likewise, the push rods of the control transfer member itself with
each other. Preferably, the control transfer member is implemented by

means of a metallic ring.
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The control input member is preferably implemented as a
composite sandwich component and, thus, defines a comparatively
stiff basis of the pitch control device. Preferentially, the control input
member, or parts thereof, is(are) implemented using composite
material, preferably carbon fiber reinforced polymers. However, other
fiber reinforced polymers, such as e. g. glass fiber reinforced
polymers or Aramid fiber reinforced polymers, may likewise or

simultaneously be used.

According to one aspect, the control input member Is provided
with a foam core that exhibits an increasing thickness from an outer
radial end of the connecting arms of the control input member towards
a rotational center of its disc-shaped central component on the basis
of an underlying moment distribution, which linearly increases from
the outer radial end of the connecting arms towards the rotational
center of the disc-shaped central component. Thus, the composite
sandwich component realizes a design that i1s adaptable to individual
Fenestron® stiffness requirements, while obtaining a design that is as
lightweight as possible. A further advantage of this design is that
large openings resp. free spaces between connecting arms that are
adjacent in peripheral direction of the disc-shaped central component
are realizable, which simplifies necessary inspections of components
that are iInstalled below the disc-shaped central component, e. g.
blade bolts and tension torsion- (TT-) straps, and which would

otherwise be covered by the disc-shaped central component.

However, as the control input member preferably comprises
carbon fiber reinforced polymers and as the control transfer member
and a corresponding pitch control shaft are preferably metallic, a
suitable 1solation between the control input member and the control

transfer member as well as between the control input member and the
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pitch control shaft is required. Such a suitable isolation is, according
to one aspect, realized by means of bushings that are bonded to the
control input member, t. e. to outer radial ends of the connecting arms
of the control input member as well as to a central opening of the
disc-shaped central component, using a suitable adhesive, which
builds a barrier between composite and metal material. The bushings
in turn are preferably used as centering elements for centering the
control transfer member to the control input member and the control
iInput member to the pitch control shaft. Therefore, advantageously
only the bushings need to be replaced if underlying wear limits are
exceeded. Preferably, for bonding of the bushings at a respective

exact position a suitable tooling Is used.

According to one aspect, stud bolts are used for releasably
connecting the control input member, i. e. its connecting arms, to the
control transfer member, 1. e. Its ring-shaped connector. This reduces
a respectively required assembling effort, as such stud bolts are
suitable to hold the control Input member Iin position on the control

transfer member during assembly on the rotorcraft.

As a result of the above described configuration, a pitch control
device with reduced manufacturing costs and a comparatively light
weight can be obtained, which is easily adaptable to respectively
underlying stiffness requirements. Furthermore, assembling of the
pitch control device on a given rotorcraft can be simplified. Moreover,
upon occurrence of excessive wear, e. ¢g. If underlying centering
tolerances are exceeded, only the bushings need to be replaced. In
addition, large openings In the control input member allow for an easy
inspection of components that are installed below the disc-shaped

central component, e. g. blade bolts and TT-straps.
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According to a preferred embodiment, the disc-shaped central

component and the at least two connecting arms define a spider-

shaped structure.

According to a further preferred embodiment, the control input
member is rigidly attached to the control transfer member, preferably

IN a releasable manner.

According to a further preferred embodiment, the control Input
member is at least partly formed as a sandwich component with a

foam core that 1Is embedded Into at least one fiber-reinforced fabric

layer.

According to a further preferred embodiment, the disc-shaped
central component of the control input member is equipped with a
plastic mounting component that is provided for being mounted to the

associated pitch control shaft of the ducted tail rotor.

According to a further preferred embodiment, the at least two
connecting arms of the control input member are rigidly attached to

the ring-shaped connector of the control transfer member.

According to a further preferred embodiment, the at least two
connecting arms are rigidly attached to the ring-shaped connector by

means of associated fixation members.

According to a further preferred embodiment, the control input

member comprises a composite material, and the control transfer

member comprises metal.

According to a further preferred embodiment, the composite
material comprises carbon fiber reinforced polymer, and the metal

comprises aluminum.
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According to a further preferred embodiment, a bushing 1Is

provided as interface between each one of the at least two connecting

arms and the ring-shaped connector.

According to a further preferred embodiment, each bushing Is
bonded to one of the at least two connecting arms by means of an

assoclated adhesive layer.

According to a further preferred embodiment, each bushing
comprises a flange that centers the one of the at least two connecting

arms at the ring-shaped connector.

According to a further preferred embodiment, each bushing
accommodates an associated stud bolt that is anchored at the ring-

shaped connector.

According to a further preferred embodiment, each stud bolt is
anchored at the ring-shaped connector in a threaded insert that is
mounted to an associated accommodation provided in the ring-shaped

connector.

According to a further preferred embodiment, each stud bolt is
accommodated in an associated opening provided in the one of the at
least two connecting arms and fixed at the one of the at least two

connecting arms by means of a nut.

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.
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- 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

5 of Figure 1 with a pitch control device according to the invention,

- Figure 3 shows a perspective view of the pitch control device

of Figure 2,

- Figure 4 shows a sectional view of a portion of the pitch

control device of Figure 3,

10 - Figure 5 shows a sectional view of a control input member of

the pitch control device of Figure 3 and Figure 4,

- Figure 6 shows a sectional view of a connecting arm of the

control Input member of Figure 5 during manufacturing,

- Figure 7 shows initial manufacturing steps of a method of

15 manufacturing the control input member of the pitch control device of

Figure 3 and Figure 4, and

- Figure 8 shows subsequent manufacturing steps of a method
of manufacturing the control input member of the pitch control device

of Figure 3 and Figure 4.

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

hereinafter for simplicity also referred to, as a helicopter.

The helicopter 1 comprises at l|least one main rotor 1a
configured to provide lift and forward thrust during operation, and at

25 least one counter-torque device 8 configured to provide counter-
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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 I1n the form of a
T-taill having a tail wing 5a and a rudder 5b. The tail wing 5a 1Is
preferably adjustable in its inclination and can overtake the
functioning of a horizontal stabilizer. Alternatively, or in addition, the
helicopter 1 is 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 § 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 likewise
be applied to any 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
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12

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, i.e. the transverse
duct 6, illustratively define the at least one counter-torque device 8 of
the helicopter 1, which I1s embodied Iin 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-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 rotor blades 10 that are
attached to the rotor hub 9. The rotor blades 10 are preferably, but
not necessarily, distributed in an angularly uneven manner on the
rotor hub 9 wusing phase modulation. More specifically, phase
modulation describes the technique of reshaping the noise-frequency
spectrum, e.g. such that the geometric angular positions of the 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
teachings of which are expressly incorporated into the present

application.

The at Ieast one counter-torque stator 8b illustratively
comprises a drive shaft fairing 11 that is fixedly arranged inside the at
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
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gearbox fairing 12 i1s further connected to the shroud 3 by means of
assoclated stator vanes (13 In Figure 2). Preferably, the gearbox
fairing 12 1s adapted to receive a rotor drive transmission of the at
least one ducted tail rotor 8a and can further by adapted to receive

pitch variation mechanisms for the 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
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
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 rotor blades
10 and the rotor hub 9, which is illustratively covered by a rotor hub
cover 9a. The at least one counter-torque stator 8b comprises the
drive shaft 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 connected to the shroud 3 by means of

assoclated stator vanes 13

According to one aspect, the ducted tail rotor 8a is provided
with a pitch control device 14 that is preferably at least adapted for
controlling collective pitch of the rotor blades 10. The pitch control
device 14 is preferably actuatable by means of an associated pitch
control shaft 14a which, in turn, is e.g. operated by the pitch variation

mechanisms accommodated in the gearbox fairing 12.

Figure 3 shows the pitch control device 14 of Figure 2, which is

preferably at least adapted for use with the ducted tail rotor 8a of the
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rotorcraft 1 of Figure 1. According to one aspect, the pitch control

device 14 comprises at least a control transfer member 15 and a

control input member 16.

Preferably, the control input member 16 comprises a composite
material, and the control transfer member 15 comprises metal. The
composite material preferably comprises carbon fiber reinforced
polymer, and the metal preferably comprises aluminum. However,
other composite materials and/or metals are likewise contemplated,
as described by way of example above with respect to the composite

material.

The control transfer member 15 is preferably provided for being
coupled to associated pitch levers (14b In Figure 4) of the rotor
blades 10 of the ducted tail rotor 8a of Figure 1 and Figure 2, so that
the control transfer member 15 may transfer pitch control movements
of the pitch control device 14 to the associated pitch levers (14b in
Figure 4). Therefore, the control transfer member 15 preferably
comprises at least two push rods 15b that are each coupled to a
respectively associlated pitch lever (14b In Figure 4). More
specifically, each push rod 15b exemplarily comprises a guide lug 15c¢c
for reception and accommodation of the respectively associated pitch

lever (14b Iin Figure 4).

By way of example, one push rod 15b is provided for each pitch
lever (14b In Figure 4) of each one of the rotor blades 10 of the
ducted tail rotor 8a of Figure 1 and Figure 2. However, for simplicity
and clarity of the drawings, only a single push rod is labelled with the

reference sign 15b.

According to one aspect, the control transfer member 15 further

comprises a ring-shaped connector 15a. Preferably, the ring-shaped
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connector 15a I1s embodied as a comparatively narrow ring with a
width that is preferentially not more than two times greater than a
corresponding thickness of the push rods 15b. The push rods 15D
preferably extend axially from the ring-shaped connector 15a, which

s preferentially rigidly attached to the control input member 16.

The control input member 16 Is preferably provided for being
mounted to the pitch control shaft 14a of the ducted tail rotor 8a of
Figure 1 and Figure 2. Thus, the control input member 16 is directly
moveable by means of the pitch control shaft 14a so that axial
movements of the pitch control shaft 14a resuit in axial movements of
the control input member 16, 1.e. movements iIn direction of the
rotation axis of the control input member 16. The latter entrains the
control transfer member 15 Into axial movements when being moved

axially.

According to one aspect, the control Input member 16
comprises a central component 16a, which 1Is Illustratively disc-
shaped, and at least two connecting arms 16b that extend radially
from the disc-shaped central component 16a. The disc-shaped central
component 16a is preferably equipped with a mounting component
16¢c, preferentially a plastic mounting component, which 1s provided
for being mounted to the pitch control shaft 14a of the ducted tail

rotor 8a of Figure 1 and Figure 2.

Preferably, the disc-shaped central component 16a and the at
least two connecting arms 16b define a spider-shaped structure.
lllustratively, one connecting arm 16b is provided for each push rod
15b. Each connecting arm 16b Is preferably provided with an

attachment opening 16d for attachment to the control transfer member
15.
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However, 1t should be noted that likewise differing numbers of
push rods 15b and connecting arms 16b may be contemplated.
Furthermore, it should be noted that, for simplicity and clarity of the
drawings, only a single connecting arm is labelled with the reference
sign 16Db.

According to one aspect, the control input member 16 is rigidly
attached, preferably in a releasable manner, to the control transfer
member 15 using suitable attachment elements 17. More specifically,
the connecting arms 16b of the control input member 16 are
preterably rigidly attached to the ring-shaped connector 15a of the
control transfer member 15 by means of the suitable attachment

elements 17. This is further described below with reference to Figure
4

Figure 4 shows a connecting arm 16b of the control input
member 16 of Figure 3, which is illustratively rigidly attached to the
ring-shaped connector 15a of the control transfer member 15 of
Figure 3 by means of the suitable attachment elements 17 of Figure
3. However, preferably each one of the connecting arms 16b of Figure
3 Is rigidly attached to the ring-shaped connector 15a in a similar
manner, so that Figure 4 should be understood as being

representative for all these rigid attachments.

As described above, the connecting arm 16b is preferably rigidly
attached to the ring-shaped connector 15a in the region of the push
rod 15b. The latter is provided with the guide lug 15c for reception

and accommodation of an associated pitch lever 14b.

Preterably, the ring-shaped connector 15a and the push rod 15b
are both provided with a stud bolt accommodation 15d. The latter is

exemplarily provided with a threaded insert 15e having a female
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thread or may, alternatively, be provided with a female thread as
such. An associated fixation member, preferably a stud bolt 17c, Is
screwed into the threaded insert 15e and, thus, anchored at the ring-

shaped connector 15a.

According to one aspect, the stud bolt 17c I1s bonded Into the
threaded insert 15e or into the female thread provided in the stud bolt
accommodation 15d as such. Thus, the stud bolt 17¢c must not be
loosened when disassembling the pitch control device 14 of Figure 3
and, therefore, the female thread In the threaded insert 15e, or the
female thread In the stud bolt accommodation 15d as such, 1s not
worn out in operation. Furthermore, by bonding the stud bolt 17c into
the threaded insert 15e or into the female thread provided in the stud
bolt accommodation 15d as such, assembling of the control pitch
device 14 of Figure 3 can be simplified, as during assembly the
control input member 16 can easily be positioned and held on the

control transfer member 15 by means of the stud bold 17c.

The stud bolt 17¢c i1s exemplarily provided for rigidly attaching
the ring-shaped connector 15a to the connecting arm 16b. According
to one aspect, a bushing 17a is provided as interface between the
connecting arm 16b and the ring-shaped connector 15a. The bushing
17a preterably comprises a flange 1/7b that centers the connecting
arm 16b at the ring-shaped connector 15a. The bushing 17a is
IHustratively bonded to the connecting arm 16b by means of an

assoclated adhesive layer 17f1.

Preferably, the bushing 17a is at least partly accommodated in
the attachment opening 16d of the connecting arm 16b and bonded to
the connecting arm 16b by means of the associated adhesive layer

17f such that there is no direct contact between the bushing 17a and
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the connecting arm 16b. In other words, the bushing 17a, which
preferably comprises metal, and the connecting arm 16b, which
preferably comprises composite material, are separated from each
other by the adhesive layer 17f which, thus, forms a barrier between

the bushing 17a and the connecting arm 16b.

lllustratively, the bushing 17a accommodates the stud bolt 17c
that 1Is anchored at the ring-shaped connector 15a. The stud bolt 17c
Is preferably fixed at the connecting arm 16b by means of a nut 17d.
Furthermore, by way of example, a washer 17e is provided. The
bushing 17a, the stud bolt 17c¢, the nut 17d and the washer 17e

IHlustratively form the suitable attachment elements 17.

Figure 5 shows the control input member 16 of Figure 3 with the
disc-shaped central component 16a and the connecting arm 16b that
s provided with the attachment opening 16d. The disc-shaped central
component 16a I1s exemplarily provided with the plastic mounting

component 16c.

According to one aspect, the disc-shaped central component
16a and the connecting arm 16b are formed with at least one cover
layer 18a, which preferably comprises composite material, and an
Inner core element 18b, which is preferably realized as a foam core.
Thus, the control input member 16 is according to one aspect at least
partly formed as a sandwich component with a foam core (20c in
Figure ©), 1.e. the inner core element 18b, that is embedded into at
least one fiber-reinforced fabric layer (20d in Figure 6), i.e. the at

least one cover layer 18a.

The at least one cover layer 18a creates in the region of the
attachment opening 16d preferably with added web layers a quasi-

Isotropic laminate which results in a strong lay-up to transmit a
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respective control loading in operation. Furthermore, the at least one
cover layer 18a preferably also encompasses a spacer ring 18c,

which preferentially also comprises composite material.

The spacer ring 18c preferably serves for rotatably bearing the
plastic mounting component 16c¢c. It should be noted that such a
spacer ring 18c Is more pressure resistant than the sandwich
component as such. This pressure resistance is needed due to
comparatively high clamping loads that occur when the control input

member 16 I1s attached to the pitch control shaft 14a of Figure 2.

[llustratively, the connecting arm 16b increases in thickness
from its outer radial end, where the attachment opening 16d is
located, towards the disc-shaped central component 16a. This
iIncreased thickness is beneficial for supporting an underlying moment
distribution of the control input member 16 in operation, which linearly
Increases from the outer radial end of the connecting arm 16b
towards the rotational center of the disc-shaped central component
16a. In fact, by increasing the thickness as illustrated, a
disproportionately high increase of the stiffness of the connecting arm
16b is achieved, while its weight is only increased very slightly, as
the density of the inner core element 18b, which is preferably realized

as a foam core, is preferentially comparatively low.

Figure 6 shows a section of the connecting arm 16b of Figure 5
In an associated tooling 19 upon manufacturing. The tooling 19 is

merely representative for a suitable manufacturing tooling and, only

Hlustratively, U-shaped.

The connecting arm 16b of Figure 6 is embodied according to
one aspect and Illustratively comprises an upper fabric cover layer

20a, which exemplifies the cover layer 18a of Figure 5. Below the
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upper fabric cover layer 20a, one or more unidirectional layers 20b
are arranged. These unidirectional layers 20b in turn are arranged on
top of a foam core 20c, which is surrounded by a surrounding fabric
layer 20d. The latter illustratively also encases one or more
unidirectional layers 20b that are arranged on top and/or below the

foam core 20c¢.

It should be noted that manufacturing of such a composite
component is a well-known measure to the person skilled in the art.
Therefore, only exemplary manufacturing steps are representatively

described hereinafter.

Figure /7 shows exemplary initial steps of a manufacturing
process for manufacturing the control input member 16 with the disc-
shaped central component 16a and the connecting arms 16b of Figure
3 to Figure 6. These initial steps are preferably performed using a
tooling that is embodied on the basis of the tooling 19 of Figure 6.
Illustratively, the tooling merely consists of a plate-shaped component

which Is provided with a star- or spider-shaped recess.

According to one aspect, the manufacturing process starts with
positioning the unidirectional layers 20b of Figure 6 in the star- or
spider-shaped recess. Furthermore, a protection film 20e is arranged

on top of the unidirectional layers 20b.

Figure 8 shows further exemplary steps of a manufacturing
process for manufacturing the control input member 16 with the disc-
shaped central component 16a and the connecting arms 16b of Figure
3 to Figure 6. These further steps are preferably performed after the

initial steps described above with reference to Figure 7.
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According to one aspect, the manufacturing process continues
with creating the foam core 20c of Figure ©6 on top of the
unidirectional layers 20b of Figure 6. Furthermore, the plastic
mounting component 16¢c of Figure 5 is arranged in the center of the
disc-shaped central component 16a. Subsequently, preferably other

unidirectional layers 20b are arranged on top of the foam core 20c.

However, it should be noted that the manufacturing process is
only partly illustrated on the basis of a preferred manufacturing
variant, as suitable manufacturing processes for manufacturing the
control member 16 of Figure 3 to Figure 6 are readily available to the
person skilled in the art as described above and, as such, not part of
the present invention. Furthermore, it should be noted that multiple
variations of the described manufacturing process are possible and,
consequently, also contemplated. For instance, the thickness of the
control Input member 16, the number of unidirectional layers, the
number of fabric cover layers etc. can e. g. be adapted on the basis
of respective stiffness requirements and in an application specific
manner dependent on an intended use of the control input member
16, and so on. Therefore, it should be noted that all such further
modifications are also within the common knowledge of the person
skilled In the art and, thus, also considered as being part of the

present invention.
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Reference List

rotorcraft

main rotor

fuselage aft section
fuselage

tail boom

shroud

bumper

fin

tall wing

rudder

fransverse duct
duct-type tail portion
counter-torque device
counter-torque rotor
counter-torque stator
counter-torque rotor hub

rotor hub cover

counter-torgue rotor blades
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12

13

14

1423

14D

15

15a

10D

15cC

15d

10e

16

10a

16D

16C

16d

17

17a
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drive shaft fairing
gearbox fairing

stator vanes

pitch control device
pitch control shaft

pitch lever or horn
control transtfer member
rirng connector

push rod

guide lug

stud bolt accommodation
threaded Insert

control Input member
central component
connecting arm

plastic mounting component
attachment opening

attachment element

attachment bushing
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170

17¢C

17d

17e

171

18a

18D

18cC

19

20a

20D

20¢C

20d

20e

24

bushing flange
stud bolt

nut

washer

adhesive layer
cover layer

inner core element
spacer ring

tooling

fabric cover layer
unidirectional layers
foam core

surrounding fabric layer

protection film
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CLAIMS

1. A pitch control device (14) for a ducted tail rotor (8a) of a

rotorcraft (1), comprising:

a control Input member (16) with a disc-shaped central
component (16a) and at least two connecting arms (16b) that extend
radially from the disc-shaped central component (16a), wherein the
disc-shaped central component (16a) 1s provided for being mounted to

an associated pitch control shaft (14a) of the ducted tail rotor (8a),

and

a control transfer member (15) comprising a ring-shaped
connector (15a) rigidly attached in a releasable manner to the at least
two connecting arms (16b) of the control input member (16); the
control transfer member (15) comprising at least two push rods (15b)
that extend axially from the ring-shaped connector (15a), wherein
each one of the at least two push rods (15b) 1s provided for being
coupled to an associated pitch lever (14b) of a rotor blade (10) of the

ducted tail rotor (8a).
2. The pitch control device (14) of claim 1,

wherein the disc-shaped central component (16a) and the at least two

connecting arms (16b) define a spider-shaped structure.
3. The pitch control device (14) of claim 1,

wherein the control Input member (16) Is at least partly formed as a
sandwich component with a foam core (20c) that is embedded into at

least one fiber-reinforced fabric layer (20d).
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4. The pitch control device (14) of claim 3,

wherein the disc-shaped central component (16a) of the control input
member (16) is equipped with a plastic mounting component (16c¢)

that i1s provided for being mounted to the associated pitch control

shaft (14a) of the ducted tail rotor (8a).
5. The pitch control device (14) of claim 1,

wherein the at least two connecting arms (16b) of the control input
member (16) are rigidly attached to the ring-shaped connector (15a)

of the control transfer member (15).
6. The pitch control device (14) of claim 5,

wherein the at least two connecting arms (16b) are rigidly attached to
the ring-shaped connector (15a) by means of associated fixation

members (17c).
/7. The pitch control device (14) of claim 5,

wherein the control input member (16) comprises a composite
material, and wherein the control transfer member (15) comprises

metal.
8. The pitch control device (14) of claim 7,

wherein the composite material comprises carbon fiber reinforced

polymer, and wherein the metal comprises aluminium.
9. The pitch control device (14) of claim 7,

wherein a bushing (17a) is provided as interface between each one of
the at least two connecting arms (16b) and the ring-shaped connector
(15a).
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10. The pitch control device (14) of claim 9,

wherein each bushing (17a) is bonded to one of the at least two

connecting arms (16b) by means of an associated adhesive layer
(1771).

11. The pitch control device (14) of claim 10,

wherein each bushing (17a) comprises a flange (1/7b) that centers the

one of the at least two connecting arms (16b) at the ring-shaped

connector (15a).
12. The pitch control device (14) of claim 10,

wherein each bushing (17a) accommodates an associated stud bolt

(17c) that is anchored at the ring-shaped connector (15a).
13. The pitch control device (14) of claim 12,

wherein each stud bolt (17c) is anchored at the ring-shaped connector
(15a) In a threaded insert (15e) that is mounted to an associated

accommodation (15d) provided in the ring-shaped connector (15a).
14. The pitch control device (14) of claim 13,

wherein each stud bolt (17c¢) is accommodated in an associated
opening (16d) provided in the one of the at least two connecting arms

(16b) and fixed at the one of the at least two connecting arms (16b)

by means of a nut (17d).
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