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Description

Field

[0001] The present disclosure relates to an assembly
for a control system, for example to an assembly for a
control system comprising a three-axis control stick.

Background

[0002] In a vehicle an assembly for a control system
is provided to control at least some of the movement or
dynamics of the vehicle. For example, in a vehicle such
as an aeroplane, a helicopter, or a watercraft, a control
stick may be provided to control dynamics such as the
pitch and roll. Typically, other control features may also
be provided to control other dynamics. For example, ped-
als and/or levers may control a rudder and/or the yaw of
the vehicle.
[0003] Some systems incorporate control of a plurality
of dynamics into a single system. A three-axis control
stick for example can be arranged to control the pitch,
roll and yaw of a vehicle by allowing rotation of the control
stick about three axes. However, incorporating an in-
creasing number of control capabilities into a single sys-
tem requires that the complexity of the system be in-
creased, both in terms of mechanical and structural com-
plexity, but also in terms of usability for e.g. a pilot.
[0004] It is critical that a control system be sufficiently
intuitive and/or easy to use such that a vehicle can be
safely controlled. The movements of the controls can also
broadly mimic those that the vehicle performs as a result
of them. For example, a three-axis control stick may con-
trol the roll of an aircraft based on its leftward and right-
ward movement about an axis along the forward direc-
tion; it may control the pitch based on its forward and
rearward movement about an axis perpendicular to the
forward direction; and it may control the yaw based on
the rotational position about an axis defined by the ex-
tension direction of the stick itself.
[0005] US 4667909 teaches a pilot operable single
stick controlling system for helicopters, comprising a first
and second universal joint. EP 2136279 A2 teaches a
hand controller used in applications that receive input
from along three axes.
[0006] Such conventional systems have generally
been considered satisfactory for their intended purpose.
However, there is still a need in the art for improved as-
semblies for control systems. The present disclosure pro-
vides a solution for this need.

Summary

[0007] According to an embodiment of the disclosure
there is provided an aircraft control stick module com-
prising an assembly, the assembly comprising: a first
shaft; a second shaft; a joint connecting the first and sec-
ond shafts; and a gimbal mechanism, wherein the joint

is nested within the gimbal mechanism and an origin of
rotation of the joint is coincident with an origin of rotation
of the gimbal mechanism; wherein the gimbal mecha-
nism provides axes of rotation for the first shaft and the
joint provides axes of rotation for the first shaft; wherein
the axes of rotation provided by the gimbal mechanism
and the axes of rotation provided by the joint intersect at
the coincident origins of rotation; wherein the gimbal
mechanism comprises a first gimbal disposed within and
rotatably coupled to a second gimbal; wherein the second
gimbal is disposed within and rotatably coupled to a
frame; and wherein the assembly comprises sensors to
measure and/or monitor the rotation of the first gimbal,
the second gimbal and the second shaft.
[0008] The joint may be rotatable within the gimbal
mechanism. That is, the joint may be rotated relative to
the gimbal mechanism about a longitudinal direction of
the joint (e.g., corresponding to twist of the first shaft), to
transmit torque from one end of the joint to the other,
independently of the gimbal mechanism (i.e., without
causing rotation of the gimbal mechanism).
[0009] In a further embodiment of any of the above the
first shaft may be rotatable about each of a first axis, a
second axis, and a third axis; and rotation of the first shaft
about the first axis may cause the first gimbal to rotate
about the first axis, rotation of the first shaft about the
second axis may cause the first and second gimbals to
rotate about the second axis, and rotation of the first shaft
about the third axis may cause rotation of the second
shaft about its length.
[0010] In a further embodiment of any of the above
rotation of the first gimbal about the first axis may control
a first control parameter, rotation of the second gimbal
about the second axis may control a second control pa-
rameter, and rotation of the second shaft about its length
may control a third control parameter.
[0011] In a further embodiment of any of the above the
first, second and third axes may intersect with each other
within the joint.
[0012] In a further embodiment of any of the above the
third axis may be defined along the length of the first shaft.
[0013] In a further embodiment of any of the above the
assembly may further comprise a grip mounted on the
first shaft.
[0014] In a further embodiment of any of the above the
assembly may be a control stick for a control system. It
may be for controlling an aircraft.
[0015] In a further embodiment of any of the above the
movement of the grip may be configured to correspond
intuitively to the control parameters controlled by the
movement. For example, the movement of the grip in a
fore and aft direction may control pitch, movement of the
grip in the left and right direction may control roll, and
rotation of the grip about its length may control yaw.
[0016] In a further embodiment of any of the above the
joint may be a universal joint. The joint may comprise a
pair of forked hinges connected by a cross shaft.
[0017] According to another embodiment of the disclo-
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sure there is provided a method of controlling a control
system comprising the assembly according to any of the
above embodiments, the method comprising rotating the
first shaft about the origin of rotation of the joint nested
within the gimbal mechanism, during which the origin of
rotation of the joint coincides with the origin of rotation of
the gimbal mechanism.
[0018] In a further embodiment of the above, the meth-
od may comprise rotating the first shaft and the first gim-
bal about a first axis to control the first control parameter
of an aircraft; rotating the first shaft, the first gimbal, and
the second gimbal about a second axis to control the
second control parameter of the aircraft; and rotating the
first shaft about a third axis to control the third control
parameter of the aircraft. The first, second, and third con-
trol parameters may correspond to the pitch, roll, and
yaw of the aircraft respectively. Alternatively, the first,
second and third control parameters may correspond to
the roll, pitch, and yaw of the aircraft respectively. The
first, second, and third control parameters may corre-
spond to any suitable controls.
[0019] The joint may be rotatable within the gimbal
mechanism. That is, the joint may be rotated relative to
the gimbal mechanism and independent of it. For exam-
ple, when the first shaft is rotated about the third axis
only, the joint may rotate without the gimbal mechanism
rotating. In any event, the gimbal mechanism and the
joint may both provide axes of rotation for the first shaft,
wherein the axes intersect with each other at a point with-
in the joint, regardless of the rotation of the joint within
the gimbal mechanism.
[0020] The joint may be disposed entirely within the
gimbal mechanism, and may be disposed entirely within
the first gimbal. The joint may be disposed partially or
substantially within the gimbal mechanism or the first
gimbal. The first gimbal may be arranged to house the
joint, or to substantially or partially surround it.
[0021] The first gimbal may be arranged to permit the
first shaft to pass into the gimbal mechanism. The first
gimbal may be arranged to permit rotation of the first
shaft relative thereto, and may be further arranged to
permit only rotation of the first shaft about the length of
the first shaft relative to the first gimbal. That is, the first
shaft may only rotate about its own length relative to the
first gimbal. The first gimbal may be arranged to rotate
with the first shaft in all cases except for when the first
shaft rotates about the third axis. For example, the posi-
tion of the first gimbal may be fixed with respect to the
position of the first shaft (though the rotation of the joint
within the first gimbal may still be possible).
[0022] The gimbal mechanism may be arranged to per-
mit movement of the first shaft to any angular position
within a predetermined solid angle, e.g. within the range
of movement defined by the limits of rotation of the first
and second gimbals. The first shaft may be arranged to
move within a spherical sector or cone, or may be arrange
to move within a geodesic of an ellipsoid. The joint may
permit the first shaft to rotate about its own length (e.g.

about the third axis) to occupy any rotational orientation,
in addition to the movement permitted by the gimbal
mechanism.
[0023] The second shaft may be arranged such that it
only rotates about its own length. The second shaft may
transmit only rotation of the first shaft about the third axis.
A first end of the second shaft may be connected to the
first shaft at the joint, and a second end of the second
shaft may be connected to a bearing.
[0024] The first, second, and third axes all intersect
with each other at point located within the joint below the
grip in the operating orientation. The joint may include
fourth and fifth axes that permit the angle of the first shaft
to pivot in any direction compared to the angle of the
second shaft. The fourth and fifth axes may be collinear
with the second and third axes (defined by the gimbal
mechanism), for example when the first shaft is in a neu-
tral position. The fourth and fifth axes may not be collinear
with the second and third axes, and may sweep through
a plane orthogonal to the third axis.
[0025] The first axes and second axis are provided by
the gimbal mechanism. The first axis may be provided
by the first gimbal and the second axis may be provided
by the second gimbal. The third, fourth, and fifth axes are
provided by the joint. The first and second axes intersect
at an origin of rotation of the gimbal mechanism. The
third, fourth, and fifth axes intersect at an origin of rotation
of the joint. The origin of rotation of the gimbal mechanism
is coincident - i.e. at the same location - as the origin of
rotation of the joint.
[0026] The joint may be any type of joint between first
and second shafts that allows any orientation therebe-
tween. It might be, for example, a constant-velocity (CV)
joint, such as a homokinetic joint, a Rzeppa- joint, a Weiss
joint, a Thompson coupling, a Tracta joint, and/or a
Malpezzi joint.
[0027] The joint need not be a constant-velocity joint
because of the limited amount of rotation required, which
may be as little as 120 degrees. A more conventional
universal joint comprising a pair of forks connected a
cross-shaft is a good solution due to its simplicity, relia-
bility, and operation. Other flexible coupling arrange-
ments may also be appropriate for transmitting torque
from the first shaft to the second shaft independently of
the gimbal mechanism.
[0028] The assembly may comprise sensors to meas-
ure and monitor the rotation of the first gimbal, the second
gimbal, and the second shaft. The sensors may measure
and monitor the rotation with respect to a frame. The
sensors may be configured to control the control param-
eters based on the measured rotation of the first gimbal,
second gimbal, and second shaft.
[0029] The assembly may be provided for controlling
the operation of a rudder on an aircraft. The present dis-
closure further extends to an aircraft fitted with a control
stick module which comprises an assembly according to
one of the above described embodiments. In particular,
such an aircraft may use the control stick module to con-
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trol the operation of its rudder. The aircraft may be con-
figured so that a pilot can control the operation of the
aircraft’s rudder using his/her hands, rather than his/her
feet. There may be an absence of pedals for the pilot, or
pedals may be provided for other aircraft functions.
[0030] The present disclosure may also extend to a
method of controlling a rudder of an aircraft comprising
rotating a first shaft of an assembly or module according
to any of the above described embodiments about the
origin of rotation of the joint nested within the gimbal
mechanism, during which the origin of rotation of the joint
coincides with the origin of rotation of the gimbal mech-
anism.
[0031] These and other features of the systems of the
subject disclosure will become more readily apparent to
those skilled in the art from the following detailed descrip-
tion taken in conjunction with the drawings.

Figures

[0032] So that those skilled in the art to which the sub-
ject disclosure appertains will readily understand how to
make and use the devices of the subject disclosure with-
out undue experimentation, embodiments thereof will be
described in detail herein below by way of example and
with reference to certain figures, wherein:

Fig. 1 shows an exemplary three-axis control stick
module for an aircraft;
Fig. 2 shows an exemplary joint for use in the module
of Fig. 1;
Fig. 3 shows a section view of an exemplary control
stick module for an aircraft;
Fig. 4 shows an exemplary joint within a gimbal
mechanism of the control stick; and
Figs. 5A-5D shows an exemplary arrangement of
axes of rotation of a joint and a gimbal mechanism
of the control stick.

Detailed description

[0033] Reference will now be made to the drawings
wherein like reference numerals identify similar structural
features or aspects of the subject disclosure. For purpos-
es of explanation and illustration, and not limitation, an
illustrative view of an embodiment of a control stick mod-
ule in accordance with the disclosure is shown in Fig. 1
and is designated generally by reference character 10.
Other aspects of this disclosure are shown in Figs. 2 to
4. The assembly described herein can be used to control
the dynamics and/or movements of a system. For exam-
ple, it may control flight control parameters of an aircraft,
movement parameters of water based craft (such as sub-
marines, hydrofoils, hovercrafts etc.), control parameters
of all-terrain vehicles, tanks, drones, jetpacks, wheel-
chairs, remote controlled systems, and/or simulators.
[0034] Fig. 1 shows a control stick module 10 compris-
ing a first shaft 100, a second shaft 110, and a gimbal

mechanism 120 supported within a frame 190. The mod-
ule comprises an assembly mounted to support the op-
eration of the control stick. A joint 140 is nested within
the gimbal mechanism. In the depicted module 10 the
joint 140 is a universal joint. A grip 102 is fixed to or
mounted on the first shaft 100 and may be used to control
the position and orientation thereof.
[0035] The gimbal mechanism comprises a first gimbal
122 and a second gimbal 124, and defines a first axis
201 and a second axis 202 about which the gimbal mech-
anism allows the grip 102 and the first shaft 100 to be
rotated. The first gimbal 122 rotates about the first axis
201 in response to rotation of the first shaft 100 about
the first axis 201. The first gimbal 122 and the second
gimbal 124 rotate about the second axis 202 in response
to rotation of the first shaft 100 about the second axis
202. Therefore, the first axis 201 also rotates about the
second axis 202 in response to the second gimbal 124
rotating about the second axis 202.
[0036] The first gimbal 122 is supported for rotation
about the first axis 201 within the second gimbal 124 by
a first pair of trunnions 126. The second gimbal 124 is
supported for rotation about the second axis 202 within
the frame 190 by a second pair of trunnions 128. The
first shaft 100 may therefore be rotated about one end
to take any position within a cone defined by the limits of
movement of the first and second gimbals 122, 124.
[0037] The frame 190 may be a standard structure that
is known to be suitable for use in aircraft, and may have
a standard or known size, shape, arrangement etc. The
control stick module may therefore be retro-fitted to ex-
isting assemblies for controlling systems and/or be dis-
posed within existing spaces for such assemblies. Air-
craft cockpits typically contain many components, and
so space within cockpits must be carefully accounted for.
The assembly herein described may be sized and/or ar-
ranged to fit within an existing location for an assembly
for a control system. It can also avoid the need for other
control systems, such as pedal or lever arrangements
for controlling parameters such as yaw, freeing up space
within the cockpit and reducing weight of the control sys-
tems.
[0038] The frame 190 may house other components
(not shown) which are used in the aircraft and which may
provide some of the functionality of the module. These
may include sensors for measuring the rotation of the
first gimbal 122, the second gimbal 124, and the second
shaft 110. They may include components related to con-
trol of the system, and/or may include components not
used for control of the system.
[0039] Fig. 2 shows the joint 140 (also known as a uni-
versal coupling, U-joint, Cardan joint, Hardy-Spicer joint,
or Hooke’s joint). The joint is formed on a first end of the
first shaft 100 and a first end of the second shaft 110,
and connects the first and second shafts 100, 110. The
joint comprises forks 142 arranged to couple with the
forks 142 of the opposing shaft. A cross-shaft 144 is en-
closed within the forks and engaged therewith to hinge
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the first and second shafts 100, 110 together. Bushings
146 may be provided between the legs of the cross shaft
144 and the forks 142 to facilitate free movement of the
joint 140.
[0040] As noted above, the joint 140 may be any other
type of joint between first and second shafts that allows
any orientation therebetween, such as a constant-veloc-
ity (CV) homokinetic joint.
[0041] In addition to the rotation of the first shaft 100
about the first 201 and second axes 202 (as defined by
the gimbal mechanism 120), the joint 140 permits rotation
of the first shaft 100 about a third axis 203 defined along
the length of the first shaft 100. That is, the grip 102 and
the first shaft 100 may be rotated about the third axis 203
in addition to rotation about one end about the first and
second axes 201, 202, even when the grip 102 and first
shaft 100 are deflected from a neutral upright position.
[0042] Rotation of the grip 102 and the first shaft 100
about the third axis 203 is transmitted to the second shaft
110. The second shaft 110 is arranged so that it may only
rotate about its length. Therefore, any rotation of the sec-
ond shaft 110 is a consequence of rotation of the first
shaft 100. This rotation can be performed independently
of any movement on the gimbal mechanism 120.
[0043] The joint 140 provides two additional axes of
rotation, a fourth axis 204 and a fifth axis 205, defined
by the legs of the cross shaft 144. The third axis 203,
fourth axis 204, and fifth axis 205 are each perpendicular
to the others. The fourth 204 and fifth 205 axes are lo-
cated within a plane perpendicular to the third axis 203,
and sweep around within that plane when the first shaft
100 is rotated about the third axis 203.
[0044] Depending on the rotational orientation of the
first shaft 100 about the third axis 203, the fourth 204 and
fifth 205 axes may or may not be collinear with the first
and second axes 201, 202 as defined by the gimbal
mechanism 120.
[0045] Therefore, the nesting of the joint 140 within the
gimbal mechanism 120 allows the first shaft 100 to be
rotated about the third axis 203, as well as deflected
about the first and/or second axes 201, 202 as defined
by the gimbal mechanism 120.
[0046] As can be seen in Fig. 3, wherein only part of
the gimbal mechanism 120 is shown, the joint 140 is nest-
ed within the gimbal mechanism 120, and hence con-
nects the first and second shafts 100, 110 for rotation,
while permitting angular movement in any direction ther-
ebetween. Therefore, the joint 140, operating together
with the gimbal mechanism 120, allows the grip 102 and
the first shaft 100 to be positioned at any angle from up-
right within a predetermined solid angle, which may be
circular or eccentric. Moreover, the joint 140 permits ro-
tation of the grip 102 and first shaft 100 about the third
axis 203, which rotation is transmitted to the second shaft
110, regardless of the position of the grip 102.
[0047] The orientation of the third axis 203 changes
depending upon the rotation of the first shaft 100 about
one end about the first and second axes 201, 202 i.e. the

third axis 203 pivots about the joint 140 compared to the
second shaft 110. In contrast, the orientation of the sec-
ond axis 202 is fixed by the gimbal mechanism supported
within the frame 190. The first axis 201 may rotate about
the second axis 202 within a plane perpendicular thereto.
[0048] When the grip 102 is in the neutral upright po-
sition (e.g. as shown in Fig. 1), the three axes 201, 202,
203 map to orthogonal, three-dimensional Cartesian ax-
es. However, whereas the first and second axes remain
orthogonal to each other by virtue of the constrained
movement of the gimbal mechanism 120 within the fixed
frame 190, the orientation of the third axis 203 varies
depending on the deflection of the first shaft 100 about
the first and second axes 201, 202. For example, if the
grip 102 is moved to its foremost position, the third axis
203 would not be perpendicular to the second axis 202
(though it may still be perpendicular to the first axis 201).
[0049] Fig. 4 shows a magnification of the joint 140
nested within the gimbal mechanism 120. The first gimbal
122 is configured to allow the first shaft 100 to enter
through the top thereof, such that the joint 140 is nested
within the gimbal mechanism 120 formed by the first gim-
bal 122 and second gimbal 124. The first shaft 100 may
be formed of a single part, or may be formed of connected
segments. In the depicted arrangement, the axes of ro-
tation of the joint 140 other than the third axis 203 - the
fourth axis 204 and the fifth axis 205 described above
defined by the legs of the cross shaft 144 within the plane
perpendicular to the third axis 203 - are collinear with the
first and second axes 201, 202 of the gimbal mechanism,
so that movement of the first shaft 100 about these first
and second axes 201, 202 is facilitated. Alternatively, the
fourth 204 and fifth 205 axes may not be collinear with
the first and second axes 201, 202.
[0050] In any event, the three axes 201, 202, 203 in-
tersect at a single point within the joint 140. When the
grip is in the neutral upright position, the three axes 201,
202, 203 correspond to three-dimensional Cartesian ax-
es and the point of intersections corresponds to the origin.
However, regardless of the orientation of the third axis
203 with respect to the first and second axes 201, 202,
the three axes still intersect at a point within the joint 140.
As a consequence, rotation of the first shaft 100 and the
grip 102 occurs about the same point, and is hence
straightforward for a pilot to use and is intuitively ar-
ranged.
[0051] An alternative way to describe this arrangement
is that the origin of rotation of the joint 140 is coincident
with the origin of rotation of the gimbal mechanism 120.
[0052] Figures 5A-5D shows a series of exemplary ar-
rangements of the axes. The first and second axes 201,
202 are provided by the gimbal mechanism 120. The
third, fourth and fifth axes 203, 204, 205 are provided by
the joint. The first and second axes 201, 202 are perpen-
dicular to one another in all arrangements. The fourth
and fifth axes 204, 205 are perpendicular to one another
in all arrangements. A first origin of rotation 301 is defined
by the intersection of the first and second axes 201, 202.
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A second origin of rotation 302 is defined by the inter-
section of the third, fourth, and fifth axes 203, 204, 205.
[0053] In Fig. 5A the first shaft 100 is in a neutral upright
position, and the third axis 203 is perpendicular to the
first axis 201 and to the second axis 202. The fourth axis
204 is collinear with the first axis 201, and the fifth axis
205 is collinear with the second axis 202. In Fig. 5B the
first shaft 100 has been rotated about the third axis 203,
and the fourth axis 204 and fifth axis 205 have rotated in
the plane (defined by the first and second axes 201, 202)
by an angle α. In Fig. 5C the first shaft 100 has been
rotated about the first axis 201, so that the fifth axis 205
has rotated by an angle β in the plane defined by the
second and third axes 202, 203. In Fig, 5D the first shaft
has been rotated about the second axis 202, so that the
fourth axis has rotated by an angle γ in the plane defined
by the first and third axes 201, 203.
[0054] Of course, a combination of rotations about the
first, second, and third axes 201, 202, 203 is possible.
However, rotation of the first shaft 100 is constrained by
the limited movement of the first and second axes 201,
202, which are limited by the mounting of the gimbal
mechanism 120 in the frame 190. In all cases, the first
origin of rotation 301 and the second origin of rotation
302 are coincident, i.e., they are located at the same
point in space.
[0055] It is therefore evident that the grip 102 controls
the rotational positions and/or orientations of the first gim-
bal 122, the second gimbal 124, and the second shaft
110 by movement of the first shaft 100. Rotation of the
first gimbal 122 is used to control a first flight control pa-
rameter, rotation of the second gimbal 124 is used to
control a second flight control parameter, and rotation of
the second shaft 110 is used to control a third flight control
parameter. Sensors (not shown) may be provided sep-
arately or as part of the assembly and may be configured
to measure and/or monitor the rotation of the gimbal
mechanism and the joint. The control parameters may
be controlled based on the sensor measurements. The
sensors may be configured to measure rotation of the
first gimbal, the second gimbal, and the second shaft,
and may further be configured to transmit the measure-
ments to a data processor in order to control the control
parameters.
[0056] In the case of the control stick being used to
control the flight of an aircraft, the first control parameter
controls the pitch, the second control parameter controls
the roll, and the third control parameter controls the yaw.
Alternatively, the first control parameter may control the
roll, the second control parameter may control the pitch,
and the third control parameter may control the yaw.
[0057] The control parameters may be used to control
the movement of flight surfaces of fixed or swing wing
aircraft such as ailerons, flaps, flaperons, spoilerons, rud-
ders etc. They may also be used to control the angle of
attack of blades in a helicopter to control pitch, roll, lift,
yaw, etc. They may control watercraft such as hydrofoils,
submarines, hovercraft, or land-based vehicles, or sys-

tems such as a cranes and hoists, or remote drones, or
robots, or simulators etc.
[0058] The control stick may be arranged such that the
dynamics or motions of the aircraft as controlled by the
control parameters correspond intuitively to the motions
made by the pilot in moving the control stick to control
those motions. For example, movement of the control
stick in a forward and backward direction may control the
pitch of the aircraft, movement in a left and right direction
may control the roll, and rotation of the grip 102 may
control the yaw (e.g. by controlling the rudders).
[0059] The above described configuration allows con-
trol of a vehicle such as an aircraft. For example, the
control stick may control pitch, roll, and yaw of an aircraft,
depending on a pilot’s movement of the control stick
about three axes which intersect at a single point. Alter-
natively, the control stick may be used to control any sys-
tem in which there are at least three degrees of freedom
required. The intersection of the axes can improve the
usability of the control stick and coincide with the pilot’s
intuitive understanding of the controls. The above de-
scribed system may also be made compactly so as to
free up space for other systems. The arrangement of the
control stick may provide a more compact assembly than
known assemblies, by virtue of the joint being nested
within the gimbal mechanism, and the axes intersecting
at a single point within the joint.
[0060] The compact arrangement can minimise the
feeling of inertia in the control system. The weight of the
flight control systems can be reduced significantly. Ac-
quisition of the component parts of the assembly can be
straightforward. Installation and maintenance costs can
be reduced. Space in the region of the pilot’s legs can
be made available, as well as space below the floor of
the cockpit.
[0061] The systems of the present disclosure, as de-
scribed above and shown in the drawings provide for a
control stick with superior properties including improved
usability and size. While the apparatus of the subject dis-
closure have been shown and described with reference
to embodiments, those skilled in the art will readily ap-
preciate that changes and/or modifications may be made
thereto without departing from the scope of the invention
which is only defined by the following claims.

Claims

1. An aircraft control stick module comprising an as-
sembly, the assembly comprising:

a first shaft (100);
a second shaft (110);
a joint (140) connecting the first and second
shafts; and
a gimbal mechanism (120),
wherein the joint (140) is nested within the gim-
bal mechanism (120) and an origin of rotation
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(302) of the joint (140) is coincident with an origin
of rotation (301) of the gimbal mechanism (120);
wherein the gimbal mechanism (120) provides
axes of rotation (201, 202) for the first shaft (100)
and the joint (140) provides axes of rotation
(203, 204, 205) for the first shaft (100);
wherein the axes of rotation (201, 202) provided
by the gimbal mechanism (120) and the axes of
rotation (203, 204, 205) provided by the joint
(140) intersect at the coincident origins of rota-
tion;
wherein the gimbal mechanism (120) comprises
a first gimbal (122) disposed within and rotatably
coupled to a second gimbal (124);
wherein the second gimbal (124) is disposed
within and rotatably coupled to a frame (190);
and
wherein the assembly comprises sensors to
measure and/or monitor the rotation of the first
gimbal (122), the second gimbal (124), and the
second shaft (110).

2. The module of claim 1, wherein the first shaft (100)
is rotatable about each of a first axis (201), a second
axis (202), and a third axis (203); and
wherein rotation of the first shaft (100) about the first
axis (201) causes the first gimbal (122) to rotate
about the first axis (201), rotation of the first shaft
(100) about the second axis (202) causes the first
and second gimbals (122, 124) to rotate about the
second axis (202), and rotation of the first shaft (100)
about the third axis (203) causes rotation of the sec-
ond shaft (110) about its length.

3. The module of claim 2, wherein the third axis (203)
is defined along the length of the first shaft (100).

4. The module of any preceding claim, wherein the as-
sembly further comprises a grip (102) mounted on
the first shaft (100).

5. The module of any preceding claim, wherein the as-
sembly is a control stick for a control system, pref-
erably for controlling an aircraft.

6. The module of claim 5 when dependent on claim 4,
wherein movement of the grip (102) in fore and aft
directions controls pitch, movement of the grip in left
and right directions controls roll, and rotation of the
grip about its length controls yaw.

7. The module of any preceding claim, wherein the joint
(140) is a universal joint.

8. A method of controlling a control system comprising
the module of any preceding claim, the method com-
prising rotating the first shaft (100) about the origin
of rotation (302) of the joint (140) nested within the

gimbal mechanism (120), during which the origin of
rotation (302) of the joint (140) coincides with the
origin of rotation (301) of the gimbal mechanism
(120).

9. The method of claim 8 comprising rotating the first
shaft (100) and the first gimbal (122) about the first
axis (201) to control the first control parameter of an
aircraft; rotating the first shaft (100), the first gimbal
(122), and the second gimbal (124) about the second
axis (202) to control the second control parameter
of the aircraft; and rotating the first shaft (100) about
the third axis (203) to control the third control param-
eter of the aircraft.

Patentansprüche

1. Steuerknüppelmodul für ein Luftfahrzeug, umfas-
send eine Baugruppe, wobei die Baugruppe Folgen-
des umfasst:

eine erste Welle (100);
eine zweite Welle (110);
ein Gelenk (140), das die erste und die zweite
Welle verbindet; und
einen Kardanmechanismus (120),
wobei das Gelenk (140) innerhalb des Kardan-
mechanismus (120) aufgenommen ist und ein
Ursprung der Rotation (302) des Gelenks (140)
mit einem Ursprung der Rotation (301) des Kar-
danmechanismus (120) zusammenfällt;
wobei der Kardanmechanismus (120) Rotati-
onsachsen (201, 202) für die erste Welle (100)
bereitstellt und das Gelenk (140) Rotationsach-
sen (203, 204, 205) für die erste Welle (100)
bereitstellt;
wobei sich die Rotationsachsen (201, 202), die
von dem Kardanmechanismus (120) bereitge-
stellt werden, und die Rotationsachsen (203,
204, 205), die von dem Gelenk (140) bereitge-
stellt werden, an den zusammenfallenden Ur-
sprüngen der Rotation schneiden;
wobei der Kardanmechanismus (120) einen ers-
ten Kardanrahmen (122) umfasst, der innerhalb
eines zweiten Kardanrahmens (124) angeord-
net und an diesen drehbar gekoppelt ist;
wobei der zweite Kardanrahmen (124) innerhalb
eines Gestells (190) angeordnet und an dieses
drehbar gekoppelt ist; und wobei die Baugruppe
Sensoren umfasst, um die Rotation des ersten
Kardanrahmens (122), des zweiten Kardanrah-
mens (124) und der zweiten Welle (110) zu mes-
sen und/oder zu überwachen.

2. Modul nach Anspruch 1, wobei die erste Welle (100)
um jede aus einer ersten Achse (201), einer zweiten
Achse (202) und einer dritten Achse (203) drehbar
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ist; und
wobei die Rotation der ersten Welle (100) um die
erste Achse (201) bewirkt, dass sich der erste Kar-
danrahmen (122) um die erste Achse (201) dreht,
eine Rotation der ersten Welle (100) um die zweite
Achse (202) bewirkt, dass sich der erste und der
zweite Kardanrahmen (122, 124) um die zweite Ach-
se (202) drehen, und eine Rotation der ersten Welle
(100) um die dritte Achse (203) eine Rotation der
zweiten Welle (110) um ihre Länge bewirkt.

3. Modul nach Anspruch 2, wobei die dritte Achse (203)
entlang der Länge der ersten Welle (100) definiert ist.

4. Modul nach einem der vorstehenden Ansprüche,
wobei die Baugruppe ferner einen Griff (102) um-
fasst, der an der ersten Welle (100) angebracht ist.

5. Modul nach einem der vorstehenden Ansprüche,
wobei die Baugruppe ein Steuerknüppel für ein Steu-
erungssystem ist, bevorzugt zum Steuern eines Luft-
fahrzeugs.

6. Modul nach Anspruch 5 in Abhängigkeit von An-
spruch 4, wobei eine Bewegung des Griffs (102) in
der Richtungen nach vorne und nach hinten das Ni-
cken steuert, eine Bewegung des Griffs in die Rich-
tungen nach links und rechts das Rollen steuert und
eine Rotation des Griffs um seine Länge das Gieren
steuert.

7. Modul nach einem der vorstehenden Ansprüche,
wobei das Gelenk (140) ein Universalgelenk ist.

8. Verfahren zum Steuern eines Steuerungssystems,
das das Modul nach einem der vorstehenden An-
sprüche umfasst, wobei das Verfahren das Drehen
der ersten Welle (100) um den Ursprung der Rotation
(302) des Gelenks (140), das innerhalb des Kardan-
mechanismus (120) aufgenommen ist, umfasst, wo-
bei der Ursprung der Rotation (302) des Gelenks
(140) mit dem Ursprung der Rotation (301) des Kar-
danmechanismus (120) zusammenfällt.

9. Verfahren nach Anspruch 8, umfassend das Drehen
der ersten Welle (100) und des ersten Kardanrah-
mens (122) um die erste Achse (201), um den ersten
Steuerungsparameter eines Luftfahrzeugs zu steu-
ern; das Drehen der ersten Welle (100), des ersten
Kardanrahmens (122) und des zweiten Kardanrah-
mens (124) um die zweite Achse (202), um den zwei-
ten Steuerungsparameter des Luftfahrzeugs zu
steuern; und das Drehen der ersten Welle (100) um
die dritte Achse (203), um den dritten Steuerungs-
parameter des Luftfahrzeugs zu steuern.

Revendications

1. Module de bâton de commande d’aéronef compre-
nant un ensemble, l’ensemble comprenant :

un premier arbre (100) ;
un second arbre (110) ;
un joint (140) reliant les premier et second
arbres ; et
un mécanisme de cardan (120),
dans lequel le joint (140) est emboîté dans le
mécanisme de cardan (120) et une origine de
rotation (302) du joint (140) coïncide avec une
origine de rotation (301) du mécanisme de car-
dan (120) ;
dans lequel le mécanisme de cardan (120) four-
nit des axes de rotation (201, 202) pour le pre-
mier arbre (100) et le joint (140) fournit des axes
de rotation (203, 204, 205) pour le premier arbre
(100) ;
dans lequel les axes de rotation (201, 202) four-
nis par le mécanisme de cardan (120) et les axes
de rotation (203, 204, 205) fournis par le joint
(140) se coupent au niveau des origines coïnci-
dentes de rotation ;
dans lequel le mécanisme de cardan (120) com-
prend un premier cardan (122) disposé à l’inté-
rieur et couplé en rotation à un second cardan
(124) ;
dans lequel le second cardan (124) est disposé
à l’intérieur et couplé en rotation à un châssis
(190) ; et
dans lequel l’ensemble comprend des capteurs
pour mesurer et/ou surveiller la rotation du pre-
mier cardan (122), du second cardan (124) et
du second arbre (110).

2. Module selon la revendication 1, dans lequel le pre-
mier arbre (100) peut tourner autour de chacun d’un
premier axe (201), d’un deuxième axe (202) et d’un
troisième axe (203) ; et
dans lequel la rotation du premier arbre (100) autour
du premier axe (201) amène le premier cardan (122)
à tourner autour du premier axe (201), la rotation du
premier arbre (100) autour du deuxième axe (202)
amène les premier et second cardans (122, 124) à
tourner autour du deuxième axe (202), et la rotation
du premier arbre (100) autour du troisième axe (203)
amène la rotation du deuxième arbre (110) autour
de sa longueur.

3. Module selon la revendication 2, dans lequel le troi-
sième axe (203) est défini le long de la longueur du
premier arbre (100) .

4. Module selon une quelconque revendication précé-
dente, dans lequel l’ensemble comprend en outre
une poignée (102) montée sur le premier arbre (100).
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5. Module selon une quelconque revendication précé-
dente, dans lequel l’ensemble est un bâton de com-
mande pour un système de commande, de préfé-
rence pour commander un aéronef.

6. Module selon la revendication 5 lorsqu’elle dépend
de la revendication 4, dans lequel le mouvement de
la poignée (102) dans les directions avant et arrière
commande le pas, le mouvement de la poignée dans
les directions gauche et droite commande le roulis,
et la rotation de la poignée autour de sa longueur
commande le lacet.

7. Module selon une quelconque revendication précé-
dente, dans lequel le joint (140) est un joint universel.

8. Procédé de commande d’un système de commande
comprenant le module selon une quelconque reven-
dication précédente, le procédé comprenant la rota-
tion du premier arbre (100) autour de l’origine de
rotation (302) du joint (140) emboîté dans le méca-
nisme de cardan (120), au cours de laquelle l’origine
de rotation (302) du joint (140) coïncide avec l’origine
de rotation (301) du mécanisme de cardan (120).

9. Procédé selon la revendication 8, comprenant la ro-
tation du premier arbre (100) et du premier cardan
(122) autour du premier axe (201) pour commander
le premier paramètre de commande d’un aéronef ;
la rotation du premier arbre (100), du premier cardan
(122) et du second cardan (124) autour du second
axe (202) pour commander le deuxième paramètre
de commande de l’aéronef ; et la rotation du premier
arbre (100) autour du troisième axe (203) pour com-
mander le troisième paramètre de commande de
l’aéronef.
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