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Description

FIELD OF THE APPLICATION

[0001] The present application relates to linear actua-
tors as used with motion simulators or in motion simula-
tion, for instance to displace an occupant or occupants
of a platform in synchrony with a sequence of video im-
ages or with an audio track.

BACKGROUND OF THE ART

[0002] In the video and televised entertainment indus-
try, there is an increasing demand for enhancing the view-
ing experience of a viewer. Accordingly, there has been
numerous innovations to improve the image and the
sound of viewings. Motion simulation has also been de-
veloped to produce movements of a motion platform
(e.g., a seat, a chair) in synchrony with sequences of
images of a viewing. For instance, United States Patents
Nos. 6,585,515 and 7,934,773 are two examples of sys-
tems that have been created to impart motion to a seat,
to enhance a viewing experience.
[0003] Electro-mechanical linear actuators are com-
monly used in such motion platforms. These linear actu-
ators must often be capable of producing low and medium
amplitude outputs, at low or medium frequency, for a high
number of strokes. Moreover, these linear actuators must
support a portion of the weight of a platform and its oc-
cupant(s).
[0004] While the linear actuators expand in their axial
dimension to raise a motion platform, the loads applied
on the linear actuator are not limited to being in the axial
direction, and may have other components, such as ra-
dial components, for instance, based on how the linear
actuator is connected between the ground and the motion
platform. Accordingly, linear actuators may be subjected
to loads that could, over time and over cycles, lead them
to failure. Fig. 1 shows a prior art driven group of a linear
actuator, with a sliding tube piston 1 of the type slidingly
received in a cylindrical casing, a threaded shaft 2 and
a traveling nut 3 interfacing the threaded shaft 2 to the
sliding tube piston 1. It is observed that the traveling nut
3 is secured to the sliding tube piston 1 so as to form an
integral unit that moves together. A rotation of the thread-
ed shaft 2 is converted into a translational motion of the
sliding tube piston 1, in part because of the traveling nut
3. As loads are applied to the end of the sliding tube
piston 1, such loads will be transmitted to the traveling
nut 3. Non-axial loads may impact the life of the traveling
nut 3 due to the leveraging effect of the sliding tube piston
1 on the traveling nut 3, for such non-axial loads.
[0005] US 2013/283947 pertains to a linear actuator in
which an output rod moves in translation as a response
to a rotational actuation from a motor. The linear actuator
is of the type used in excavators, for example. A threaded
shaft receives a rotational actuation and consequently
rotates. A nut is threadingly engaged on the threaded

shaft and converts the rotation of the threaded shaft into
a translation. The output rod is connected to the nut and
moves with it, to provide a linear motion.

SUMMARY OF THE APPLICATION

[0006] It is therefore an aim of the present disclosure
to provide a linear actuator that addresses issues asso-
ciated with the prior art.
[0007] Therefore, in accordance with a first embodi-
ment of the present application, there is provided a linear
actuator comprising: a motor for producing a bi-direction-
al rotational output; a casing connected to the motor at
a proximal end, the casing having an inner cavity defining
a joint surface; a threaded shaft within the inner cavity of
the casing and actuated by the motor for rotation; a sliding
tube assembly having a sliding tube in sliding arrange-
ment with the inner cavity of the casing for moving in
translation in an axial direction relative to the casing; and
a pair of traveling nuts connected to the sliding tube as-
sembly for moving with the sliding tube in the axial direc-
tion, the traveling nuts being operatively engaged to the
threaded shaft for converting a rotational motion of the
threaded shaft into a translation of the sliding tube, the
traveling nuts being on opposite sides of a member of
the sliding tube assembly connecting the traveling nuts
to the sliding tube.
[0008] Still further in accordance with the first embod-
iment, the traveling nuts are threadingly engaged to the
member.
[0009] Still further in accordance with the first embod-
iment, a thread pitch between at least one of the traveling
nuts and the member is different than a thread pitch of
the threaded shaft.
[0010] Still further in accordance with the first embod-
iment, the traveling nuts each are rolled balls screw units,
each said rolled ball screw units having balls operatively
received in a helical raceway of the threaded shaft.
[0011] Still further in accordance with the first embod-
iment, a hemi-spherical joint surface is at a distal end of
the sliding tube for interfacing the linear actuator to a
socket of a structure.
[0012] Still further in accordance with the first embod-
iment, the member of the sliding tube assembly is a car-
riage positioned in an inner cavity of the sliding tube.
[0013] Still further in accordance with the first embod-
iment, the carriage is a disk with a throughbore for the
threaded shaft to pass through, with the traveling nuts
secured to opposite sides of the disk.
[0014] Still further in accordance with the first embod-
iment, at least one joint provides a first rotational degree
of freedom between the carriage and the sliding tube,
about an axis transverse to the axial direction.
[0015] Still further in accordance with the first embod-
iment, the axis of the first rotational degree of freedom
is perpendicular to the axial direction.
[0016] Still further in accordance with the first embod-
iment, there are two of said joint, with a first of said joints
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providing the first rotational degree of freedom, and a
second of said joints providing a second rotational degree
of freedom about another axis transverse to the axial
direction
[0017] Still further in accordance with the first embod-
iment, the axes of the first rotational degree of freedom
and of the second rotational degree of freedom lie in a
common plane.
[0018] Still further in accordance with the first embod-
iment, the axial direction is normal to the common plane.
[0019] Still further in accordance with the first embod-
iment, a play separates an outer surface of the carriage
from a surface of the inner cavity, the play being between
152 mm and 356 mm (0.006" and 0.014").
[0020] Still further in accordance with the first embod-
iment, the at least one joint comprises a cylindrical roller
projecting radially from the carriage, and a circular bore
in the sliding tube housing the cylindrical roller.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

Fig. 1 is a see-through perspective view of a driven
group of a linear actuator for motion simulators in
accordance with the prior art;
Fig. 2 is a see-through perspective view of a linear
actuator for motion simulators in accordance with
the present invention;
Fig. 3 is a see-through perspective view of a driven
group of the linear actuator for motion simulators of
Fig. 2 in a retracted condition; and
Fig. 4 is a see-through elevation view of the driven
group of the linear actuator for motion simulators of
Fig. 3.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0022] Referring to the drawings and more particularly
to Fig. 2, there is illustrated at 10 a linear actuator of the
type used for motion simulators. The linear actuator 10
is well suited to be used between the ground and a motion
platform (i.e., support surface, chair, seat, flight simula-
tor/compartment, etc) to displace the motion platform in
synchrony with a sequence of images and/or sound, for
instance part of a motion picture, a televised event, a
video, a video game, a simulation, haptic event, a virtual
reality session, etc. The linear actuator 10 of the illustrat-
ed embodiments is an electro-mechanical linear actuator
that is driven by a motion controller, or any other appro-
priate and adapted source of motion signals (e.g., media
player, D-cinema projector, internet, etc), i.e., code rep-
resenting specific motions to be performed. The motion
signal is sent to the linear actuator 10 in a suitable format
to drive a motor thereof. In an embodiment, at least two
of the actuator 10 are used concurrently to support and
displace a seat relative to the ground. The linear actuator
10 therefore produces a translational output, along an

axial direction thereof, illustrated as X. When reference
is made hereinafter to the axial direction, it will refer to
the longitudinal axis of the linear actuator 10, unless stat-
ed otherwise, and is shown as X in Fig. 2-4.
[0023] The linear actuator 10 is an assembly of three
groups (i.e., three portions, three sub-assemblies, etc),
namely a motor group 12, a structural group 14 and a
driven group 16. The motor group 12 and the structural
group 14 are only schematically illustrated and briefly
detailed, as the details of the present disclosure mostly
pertain to the driven group 16. However, for reference,
PCT application no. PCT/US2013/072605 describes one
example of a motor group 12 and of a structural group
14, and is hence incorporated by reference.
[0024] The motor group 12 receives motion signals in
electric format, and produces rotational motions corre-
sponding to the motion signals received. The motor group
12 is therefore connected to a source of motion signals
or like electronic equipment. The motor group 12 is op-
eratively connected to the driven group 16 to transmit its
rotational motions thereto.
[0025] The structural group 14 houses the driven group
16, and operatively connects the motor group 12 to the
driven group 16. Moreover, the structural group 14 may
be the interface between the linear actuator 10 and the
motion platform, the ground, or a supporting structure.
[0026] The driven group 16 converts the rotational mo-
tions from the motor group 12 into linear motions along
direction X, and is the output of the linear actuator 10.
The driven group 16 may be the interface between the
linear actuator 10 and the ground or a base, and is dis-
placeable relative to the structural group 14.

MOTOR GROUP 12

[0027] Referring to Fig. 2, a few components of the
motor group 12 are shown in greater detail. For simplicity
purposes, components of the motor group 12 are num-
bered 20 and 21.
[0028] The motor group 12 has an electric motor 20.
The electric motor 20 is a bi-directional motor of the type
receiving an electrical motion signal, to convert the signal
in a rotational output proportional to the motion signal, in
either circular directions, in direct drive. Accordingly, the
electric motor 20 has an output shaft 22 in Fig. 2. By way
of example, the electric motor 20 is a brushless DC motor.
This type of electric motor is provided as an example,
and any other appropriate type of motor may be used.
The output shaft may project in the axial direction X, but
rotates about X. A coupling component 23 in Fig. 2 (e.g.,
a motor coupler) is connected to the output shaft so as
to be integral therewith (e.g., by way of a set screw, etc).
Hence, the motor coupler rotates with the output shaft.
The motor coupler will be coupled to the driven group 16
as described hereinafter, or may alternatively be part of
the driven group 16.
[0029] A body of the motor 20 has a connection flange
21. The connection flange 21 uses appropriate fasteners
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such as bolts (not shown), washers, and the like to con-
nect the motor 20 to the structural group 14. Any appro-
priate type of connection means may be used as alter-
natives to the flange 21 and fasteners.

STRUCTURAL GROUP 14

[0030] Referring to Fig. 2, components of the structural
group 14 are shown in greater detail. For simplicity pur-
poses, components of the structural group 14 are num-
bered between 40 and 46.
[0031] The structural group 14 comprises a casing 40,
also known as a cover, housing, or the like. In the illus-
trated embodiment, the casing 40 is a monolithic piece.
The casing 40 is a main structural component of the linear
actuator 10, as it interfaces the motor group 12 to the
driven group 16, and may also interface the linear actu-
ator 10 to a motion platform. The casing 40 may have a
flange 41 located at a proximal end of the casing 40, for
connection with the flange 21 of the motor group 12.
[0032] Referring to Fig. 2, the casing 40 is a tubular
component that defines an inner cavity 42 that houses a
part of the driven group 16. The inner cavity 42 may be
segmented in various sections. One such section is de-
limited by a joint surface 44, which opens up to an open
distal end 43 of the casing 40. The joint surface 44 is the
surface against which a moving component of the driven
group 16 will slide. A portion of the driven group 16 will
exit through the open distal end 43, when expanding in
direction X.
[0033] There may be other sections to the casing 40,
such as a void in which components of the driven group
16 may move without obstructions. Another section may
be defined by a seat for a bearing of the driven group 16,
as described hereinafter. It is also considered to position
a sleeve into the joint surface 44 to act as an interface
for a sliding component of the driven group 16, as de-
scribed hereinafter. The sleeve may consist of a material
having a relatively high hardness for a relatively low co-
efficient of friction, such as a sleeve of PTFE or like ma-
terials.
[0034] One or more guides, received in bores such as
bore 45, may projects through the joint surface and into
the inner cavity 42. The end of the guide is within the
inner cavity 43 of the casing 40, and will serve as guide
for a sliding component of the driven group 16, to ensure
linear motion, i.e., to serve as an anti-rotation guide for
the sliding component of the driven group 16. Moreover,
the guide may act as a stopper to delimit the stroke of
the linear actuator 10, although not in the illustrated em-
bodiment. In the illustrated embodiment, the guide is a
bolt with its bolt head accessible from an exterior of the
casing 40, i.e., at the bore 45. A ventilation hole may also
be defined in the casing 40, to allow air to escape from
the interior of the linear actuator 10. The ventilation hole
may be protected by a filter or screen.
[0035] A connection flange 46 is secured to the distal
end of the casing 40, and may be provided with connec-

tion throughbores, etc, to be secured to a structure, to a
motion platform, etc. The connection flange 46 is one of
multiple connection arrangements for the linear actuator
10.
[0036] The above details regarding the motor group 12
and the structural group are given as exemplary embod-
iments.

DRIVEN GROUP 16

[0037] Referring to Figs. 2 to 4, components of the driv-
en group 16 are shown in greater detail. For simplicity
purposes, components of the driven group 16 are num-
bered above 60.
[0038] The driven group 16 has a sliding tube assembly
comprising sliding tube 60 (visible in Figs. 3 and 4), also
known as a piston. The sliding tube 60 is the main moving
component of the driven group 16. The sliding tube 60
is fitted within the inner cavity 43 of the casing 40, and
is sized so as to be in sliding contact with the sleeve or
the joint surface 44 defining the inner surface of the cas-
ing 40 (Fig. 2). Hence, the sliding tube 60 may move in
the axial direction X in the inner cavity 43 of the casing
40, such that a distal end of the sliding tube 60 may project
out of the distal end of the casing 40 by a variable selected
distance. In Figs. 2-4, the sliding tube 60 is shown within
the casing 40 in a retracted condition of the linear actuator
10, but a substantial portion of the sliding tube 60 may
be fully extended out of the casing 40, in an extended
condition of the linear actuator 10.
[0039] In Fig. 2, an interface 61 is therefore provided
at a distal end of the sliding tube 60, outside of the casing
40. The interface 61 may be a ground or base interface
if the linear actuator 10 is oriented with the interface 61
downward. For instance, the interface 61 may lie directly
on the ground, may be a part of a joint, or may be con-
nected to a joint. Alternatively, if the linear actuator 10 is
oriented with the interface 61 upward, the interface 61 is
connected to the motion platform (e.g., underside of a
seat or seat frame), for instance by way of a joint. The
interface 61 is shown in the figures as having a frusto-
spherical shape secured by a bolt 62 (Fig. 2) to a tapped
bore 63 in the sliding tube 60 (Fig. 4). The frusto-spherical
interface 61 and bolt 62 are one solution among many
others that can be used as interface at the end of the
sliding tube 60.
[0040] Referring to Figs. 3-4, the inner cavity 64 is
shown as extending along a substantial portion of the
length of the sliding tube 60. A proximal section 65 of the
inner cavity 64 is shown as having a greater inner diam-
eter than the distal section, with shoulder 66 being the
demarcation between the two sections.
[0041] On an outer surface of the sliding tube 60, a
guide channel 67 is formed. The guide channel 67 is par-
allel to the axial direction X. In operation, the end of the
guide (received in the bore 45 (Fig. 2)) will be received
in the guide channel 67. In the illustrated embodiment,
the sliding tube 60 features a single guide channel 67.
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However, more of the guide channel 67 could be used,
with a corresponding number of the guide 49.
[0042] Bores 68 are also defined through the wall of
the sliding tube 60. The bores 68 are shown as having
their respective axes in a same transverse plane of the
sliding tube 60, the axial direction X being substantially
normal to the transverse plane. Moreover, the axes of
the pair of bores 68 are shown as being perpendicular
to one another, in the transverse plane. The bores 68 are
located in the proximal section of the sliding tube 60, and
are of circular cross-section. While the transverse plane
and the perpendicular relation are well suited for opti-
mized operation of the linear actuator 10, other arrange-
ments are considered.
[0043] The sliding tube assembly further comprises a
carriage 70 that is operatively connected to the sliding
tube 60. The carriage 70 is received in the inner cavity
65, in the proximal section. The carriage 70 has a disk-
like shape, and has its cylindrical peripheral surface con-
tact the surface of the inner cavity 65 of the sliding tube
60 - disk including any peripheral shape (i.e., not only
circular) based on the shape of the inner cavity of the
sliding tube 60, i.e., circular, oval, square, squircle, etc.
Alternatively, according to an embodiment, a member
integral to the sliding tube 60 is used instead of the car-
riage 70, such as an inner wall integral to the sliding tube
60 and projecting radially inwardly from a surface of the
inner cavity of the sliding tube 60.
[0044] A pair of rollers 71 project radially from the car-
riage 71, and are received in the bores 68, in the manner
shown in Figs. 3 and 4. Hence, a pair of rotational joints
are formed, between each combination of bore 68 and
roller 71. Movement is limited at these rotational joints,
due to the close fitting nature of the carriage 70 in the
sliding tube 60, but there are two rotational degrees of
freedom between the carriage 70 and the sliding tube
60, around axis Y and Z, conveniently the axes of the
bores 68 and rollers 71 in Figs. 3 and 4. A suitable close
fitting relation between the carriage 70 and the sliding
tube 60 is a play of 254 mm 6 102 mm (0.010" 6 0.004"),
given as an example, i.e., movement in the transverse
plane. More or less of a play may be used as well, to
increase or decrease the angular rotation between the
carriage 70 and the sliding tube 60. Likewise, a minute
amount of play is provided at each set of bore 68 and
roller 71, which minute amount of play allows the two
rotational degrees of freedom between the carriage 70
and the sliding tube 60. Hence, the sliding tube 60 and
the carriage 70 move concurrently in direction X, while
some rotational degrees of freedom are possible there-
between, about axes transverse to direction X. While
Figs. 2-4 show that the rollers 71 are connected to the
carriage 70 and received in the bores 68, it is considered
to have the opposite configuration of bores in the carriage
70 and rollers projecting radially inwardly from into the
sliding tube 60 and into the bores of the carriage. The
rollers 71 may include a bearing of any kind. Alternatively,
the rollers 71 may simply be a cylindrical post with a low-

friction surface in contact with the surfaces of the bores
68. As an alternative to the assembly described above,
with the play in each set of bore 68 and roller 71, it is
contemplated to form a universal joint arrangement be-
tween the carriage 70 and the sliding tube 60 to allow
the two rotational degrees of freedom between the car-
riage 70 and the sliding tube 60.
[0045] A pair of traveling nuts 72 are secured to oppo-
site sides of the carriage 70 (or like member if the sliding
tube assembly is without the carriage 70), whereby the
carriage 70 is centered between the traveling nuts 72.
The traveling nuts 72 may each have a threaded end by
which they are screwingly connected to a tapped bore of
carriage 70, so as to move integrally with the carriage
70. In an embodiment, the thread pitch of the threaded
ends differs from the thread pitch of the lead screw with
which the traveling nuts 72 will be operating, to reduce
the risk of a loosening of the traveling nuts 72 relative to
the carriage 70. The thread pitch of the threaded ends
may also differ one from the other. The traveling nuts 72
may be any appropriate type of mechanism operating
with a lead screw (i.e., threaded shaft) to convert a rota-
tion of the lead screw into a translation of the sliding tube
60 and carriage 70 in direction X. For instance, the
traveling nuts 72 each are a ball screw unit. One suitable
ball screw unit is a SKK rolled ball screw with a return
tube, such as a SH type ball nut. However, many other
types of traveling nuts 72 are considered as alternatives
to rolled ball screws.
[0046] Referring concurrently to Figs. 2 to 4, a threaded
shaft 80 (i.e., lead screw, bolt) is in operative engagement
with the traveling nuts 72. The threaded shaft 80 is cou-
pled to the electric motor 20, to transmit the rotational
output of the motor 20 to the sliding tube 60. The threaded
shaft 80 has a helical raceway that is compatible with the
traveling nuts 72, i.e., to receive therein the balls of the
traveling nuts 72. As the traveling nuts 72 are fixed to the
carriage 70, and as the sliding tube 60 is limited to trans-
lational movements due to the interaction between the
guide in the bore 45 and the guide channels 67, a rotation
of the threaded shaft 70 results in a translation of the
traveling nuts 72.
[0047] The threaded shaft 80 is rotatably connected to
the casing 40, to rotate about its longitudinal axis (sub-
stantially parallel to the axial direction), while being re-
tained from translating. A bearing may be the interface
between the threaded shaft 80 and the casing 40. The
bearing may be a ball bearing, a roller bearing, a ball-
less bearing, or any appropriate type of bearing.
[0048] A shaft coupler 81 is provided to couple the shaft
80 to an equivalent motor coupler. The shaft coupler 81
may also be the interface between the bearing and the
threaded shaft 80. A pair of protrusions 82 project in the
proximal direction and will be coupled to fingers of a motor
coupler of the motor 20, for transmission of a rotational
output from the electric motor 20 to the shaft 80, in one
of numerous possible coupling configurations. In other
configuration, the threaded shaft 80 is integral with or
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part of the shaft of the motor 20. In such a configuration,
coupling would not be required between the motor 20
and the shaft 80.
[0049] Now that the various components of the linear
actuator 10, an operation thereof is set forth.
[0050] The operation will refer to the linear actuator 10
as being oriented such that the interface 61 is facing the
ground.
[0051] The linear actuator 10 is initially calibrated, in
that the position of the sliding tube 60 is known relative
to the casing 40. This may be done by any appropriate
method, including calibration movements when the linear
actuator 10 is turned on, as controlled by a platform con-
troller.
[0052] The electric motor 20 receives motion signals
and will hence produce rotational outputs proportional to
the motion signals, in the selected directions. The rota-
tional outputs will be transmitted through the output shaft,
to the threaded shaft 80 via the coupling therebetween.
[0053] The carriage 70 and the traveling nuts 72 will
convert rotations of the threaded shaft 80 into a transla-
tion of the sliding tube 60 along the axial direction. As
the sliding tube 60 is connected to the ground or a base,
the resulting action will be a translational motion of the
motor 20 and casing 40 relative to the ground or a base.
As the motion platform is connected to the motor 20 or
the casing 40, the motion platform will move with the mo-
tor 20 and the casing 40. It is pointed out that additional
degrees of freedom may be present between any of
ground/base, the motor 20/casing 40, and the sliding tube
60, for instance by the presence of joints between the
motion platform, the ground/base and the linear actuator
10.
[0054] In instances, the sliding tube 60 is connected
to the motion platform while the motor 20 and the casing
40 are secured to the ground or to a base. In such a case,
the motion platform will move with the sliding tube 60.
[0055] Because of the presence of a pair of traveling
nuts 72 on opposite sides of the carriage 70, non-axial
loads against the sliding tube 60 will be more evenly dis-
tributed among the two traveling nuts 72. The increased
length of the traveling nuts 72 on the threaded shaft 80
may help in improving the distribution of loads. As a re-
sult, the linear actuator 10 having the configuration of
Figs. 2 to 4 may have a longer life than a linear actuator
employing the driven group shown in Fig. 1, in which
there is a single traveling nut 3. The pair of traveling nuts
72 may be connected directly to the sliding tube 60 (e.g.,
for instance to an inward flange), without the need for the
carriage 70.
[0056] Moreover, the presence of at least one rotation-
al degree of freedom in a transverse plane of the carriage
70, resulting from the rotational joints between the car-
riage 70 and the sliding tubes 60, will also lessen the
impact of some loads on the components of the driven
group 60, such as the carriage 70 and the traveling nuts
72, for instance by reducing angular tension on the
traveling nuts 72 and threaded shaft 80. Although two

different rotational degrees of freedom are shown in the
embodiments of Figs. 2 to 4, a single one may reduce
the effect of some loads on the driven group 16.
[0057] It is pointed out that the concept of using a pair
of traveling nuts 72 on opposite sides of the central car-
riage 70 may be used in combination or separately with
the concept of having one or more rotational degrees of
freedom between the sliding tube 60 and the carriage 70.

Claims

1. A linear actuator (10) comprising:

a motor (20) for producing a bi-directional rota-
tional output;
a casing (40) connected to the motor (20) at a
proximal end, the casing (40) having an inner
cavity (42) defining a joint surface (44);
a threaded shaft (80) within the inner cavity (42)
of the casing (40) and actuated by the motor (20)
for rotation;
a sliding tube assembly having a sliding tube
(60) in sliding arrangement with the inner cavity
(42) of the casing (40) for moving in translation
in an axial direction relative to the casing (40);
and
characterized in that it further comprises a pair
of traveling nuts (72) connected to the sliding
tube assembly for moving with the sliding tube
(60) in the axial direction, the traveling nuts (72)
being operatively engaged to the threaded shaft
(80) for converting a rotational motion of the
threaded shaft (80) into a translation of the slid-
ing tube (60), the traveling nuts (72) being on
opposite sides of a member of the sliding tube
assembly connecting the traveling nuts (72) to
the sliding tube (60).

2. The linear actuator according to claim 1, wherein the
traveling nuts (72) are threadingly engaged to the
member

3. The linear actuator according to claim 2, wherein a
thread pitch between at least one of the traveling
nuts (72) and the member is different than a thread
pitch of the threaded shaft (80).

4. The linear actuator according to any one of claims 1
to 3, wherein the traveling nuts (72) each are rolled
balls screw units, each said rolled ball screw units
having balls operatively received in a helical raceway
of the threaded shaft (80).

5. The linear actuator according to any one of claims 1
to 4, further comprising a hemi-spherical joint surface
at a distal end of the sliding tube (60) for interfacing
the linear actuator (10) to a socket of a structure.
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6. The linear actuator according to any one of claims 1
to 5, wherein the member of the sliding tube assem-
bly is a carriage (70) positioned in an inner cavity
(65) of the sliding tube (60).

7. The linear actuator according to claim 6, wherein the
carriage (70) is a disk with a throughbore for the
threaded shaft (80) to pass through, with the
traveling nuts (72) secured to opposite sides of the
disk.

8. The linear actuator according to any one of claims 6
and 7, further comprising at least one joint providing
a first rotational degree of freedom between the car-
riage (70) and the sliding tube (60), about an axis
transverse to the axial direction.

9. The linear actuator according to claim 8, wherein the
axis of the first rotational degree of freedom is per-
pendicular to the axial direction.

10. The linear actuator according to claim 8, comprising
two of said joint, with a first of said joints providing
the first rotational degree of freedom, and a second
of said joints providing a second rotational degree
of freedom about another axis transverse to the axial
direction

11. The linear actuator according to claim 10, wherein
the axes of the first rotational degree of freedom and
of the second rotational degree of freedom lie in a
common plane.

12. The linear actuator according to claim 11, wherein
the axial direction is normal to the common plane.

13. The linear actuator according to any one of claims 8
to 12, further comprising a play separating an outer
surface of the carriage (70) from a surface of the
inner cavity (65), the play being between 152 mm
and 356 mm (0.006" and 0.014").

14. The linear actuator according to any one of claims 8
to 13, wherein the at least one joint comprises a cy-
lindrical roller (71) projecting radially from the car-
riage (70), and a circular bore (68) in the sliding tube
(60) housing the cylindrical roller (71).

Patentansprüche

1. Linearantrieb (10), umfassend:

einen Motor (20) zum Erzeugen eines bidirekti-
onalen Drehausgangs;
ein Gehäuse (40), das an einem proximalen En-
de mit dem Motor (20) verbunden ist, wobei das
Gehäuse (40) einen Innenhohlraum (42) auf-

weist, der eine Verbinderfläche (44) definiert;
eine Gewindewelle (80) innerhalb des Innen-
hohlraums (42) des Gehäuses (40), und von
dem Motor (20) zur Drehung angetrieben;
eine Gleitrohrbaugruppe, die ein Gleitrohr (60)
in einer Gleitanordnung mit dem Innenhohlraum
(42) des Gehäuses (40) für eine Translations-
bewegung in einer axialen Richtung in Bezug
auf das Gehäuse (40) aufweist; und
dadurch gekennzeichnet, dass er weiter ein
Paar Schiebemuttern (72) umfasst, die mit der
Gleitrohrbaugruppe zum Bewegen mit dem
Gleitrohr (60) in der axialen Richtung verbunden
sind, wobei die Schiebemuttern (72) betrieblich
in die Gewindewelle (80) eingreifen, um eine
Drehbewegung der Gewindewelle (80) in eine
Translation des Gleitrohres (60) umzuwandeln,
wobei sich die Schiebemuttern (72) auf gegen-
überliegenden Seiten eines Elements der Gleit-
rohrbaugruppe befinden, das die Schiebemut-
tern (72) mit dem Gleitrohr (60) verbindet.

2. Linearantrieb nach Anspruch 1, wobei die Schiebe-
muttern (72) per Gewinde in das Element eingreifen.

3. Linearantrieb nach Anspruch 2, wobei sich eine Ge-
windesteigung zwischen mindestens einer der
Schiebemuttern (72) und dem Element von der Ge-
windesteigung der Gewindewelle (80) unterschei-
det.

4. Linearantrieb nach einem der Ansprüche 1 bis 3, wo-
bei die Schiebemuttern (72) jeweils Kugelumlauf-
spindeleinheiten sind, wobei jede der Kugelumlauf-
spindeleinheiten Kugeln aufweist, die betrieblich in
einer wendelförmigen Rollbahn der Gewindewelle
(80) aufgenommen sind.

5. Linearantrieb nach einem der Ansprüche 1 bis 4,
weiter eine halbkugelförmige Verbinderfläche an ei-
nem distalen Ende des Gleitrohres (60) zum Ver-
knüpfen des Linearantriebs (10) mit einer Buchse
einer Struktur umfassend.

6. Linearantrieb nach einem der Ansprüche 1 bis 5, wo-
bei das Element der Gleitrohrbaugruppe ein Schlit-
ten (70) ist, der in einem Innenhohlraum (65) des
Gleitrohres (60) positioniert ist.

7. Linearantrieb nach Anspruch 6, wobei der Schlitten
(70) eine Scheibe mit einer Durchgangsbohrung
zum Hindurchführen für die Gewindewelle (80) ist,
mit den Schiebemuttern (72), die an gegenüberlie-
genden Seiten der Scheibe befestigt sind.

8. Linearantrieb nach einem der Ansprüche 6 und 7,
weiter mindestens einen Verbinder umfassend, der
einen ersten Drehfreiheitsgrad zwischen dem Schlit-
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ten (70) und dem Gleitrohr (60), um eine Achse quer
zur axialen Richtung bereitstellt.

9. Linearantrieb nach Anspruch 8, wobei die Achse des
ersten Drehfreiheitsgrads senkrecht zur axialen
Richtung ist.

10. Linearantrieb nach Anspruch 8, zwei von dem Ver-
binder umfassend, mit einem ersten der Verbinder,
der den ersten Drehfreiheitsgrad bereitstellt, und ei-
nem zweiten der Verbinder, der einen zweiten Dreh-
freiheitsgrad um eine andere Achse quer zur axialen
Richtung bereitstellt.

11. Linearantrieb nach Anspruch 10, wobei die Achsen
des ersten Drehfreiheitsgrads und des zweiten
Drehfreiheitsgrads auf einer gemeinsamen Ebene
liegen.

12. Linearantrieb nach Anspruch 11, wobei die axiale
Richtung normal zur gemeinsamen Ebene verläuft.

13. Linearantrieb nach einem der Ansprüche 8 bis 12,
weiter ein Spiel umfassend, das eine Außenfläche
des Schlittens (70) von einer Fläche des Innenhohl-
raums (65) trennt, wobei das Spiel zwischen 152 mm
und 356 mm (0.006" und 0.014") liegt.

14. Linearantrieb nach einem der Ansprüche 8 bis 13,
wobei der mindestens eine Verbinder eine zylindri-
sche Rolle (71) umfasst, das radial aus dem Schlitten
(70) hervorsteht, und eine kreisförmige Bohrung (68)
in dem Gleitrohr (60), die die zylindrische Rolle (71)
einhaust.

Revendications

1. Actionneur linéaire (10) comprenant :

un moteur (20) pour produire une sortie de ro-
tation bidirectionnelle ;
un carter (40) relié au moteur (20) à une extré-
mité proximale, le carter (40) ayant une cavité
intérieure (42) définissant une surface d’articu-
lation (44) ;
un arbre fileté (80) dans la cavité intérieure (42)
du carter (40) et actionné par le moteur (20) pour
une rotation ;
un ensemble de tube coulissant ayant un tube
coulissant (60) dans un agencement coulissant
avec la cavité intérieure (42) du carter (40) pour
se déplacer en translation dans une direction
axiale par rapport au carter (40) ; et
caractérisé en ce qu’il comprend en outre une
paire d’écrous mobiles (72) reliés à l’ensemble
de tube coulissant pour se déplacer avec le tube
coulissant (60) dans la direction axiale, les

écrous mobiles (72) étant mis en prise de ma-
nière fonctionnelle avec l’arbre fileté (80) pour
convertir un mouvement de rotation de l’arbre
fileté (80) en une translation du tube coulissant
(60), les écrous mobiles (72) étant sur des côtés
opposés d’un élément de l’ensemble de tube
coulissant reliant les écrous mobiles (72) au tu-
be coulissant (60).

2. Actionneur linéaire selon la revendication 1, dans
lequel les écrous mobiles (72) sont mis en prise par
filetage avec l’élément.

3. Actionneur linéaire selon la revendication 2, dans
lequel un pas de filet entre au moins un des écrous
mobiles (72) et l’élément est différent d’un pas de
filet de l’arbre fileté (80).

4. Actionneur linéaire selon l’une quelconque des re-
vendications 1 à 3, dans lequel les écrous mobiles
(72) sont chacun des unités vis à billes laminées,
chacune desdites unités vis à billes laminées ayant
des billes reçues de manière fonctionnelle dans un
chemin hélicoïdal de l’arbre fileté (80).

5. Actionneur linéaire selon l’une quelconque des re-
vendications 1 à 4, comprenant en outre une surface
d’articulation hémisphérique à une extrémité distale
du tube coulissant (60) pour brancher l’actionneur
linéaire (10) à une prise d’une structure.

6. Actionneur linéaire selon l’une quelconque des re-
vendications 1 à 5, dans lequel l’élément de l’ensem-
ble de tube coulissant est un chariot (70) positionné
dans une cavité intérieure (65) du tube coulissant
(60).

7. Actionneur linéaire selon la revendication 6, dans
lequel le chariot (70) est un disque avec un alésage
pour que l’arbre fileté (80) passe à travers, avec les
écrous mobiles (72) fixés à des côtés opposés du
disque.

8. Actionneur linéaire selon l’une quelconque des re-
vendications 6 et 7, comprenant en outre au moins
une articulation fournissant un premier degré de li-
berté de rotation entre le chariot (70) et le tube cou-
lissant (60), autour d’un axe transversal par rapport
à la direction axiale.

9. Actionneur linéaire selon la revendication 8, dans
lequel l’axe du premier degré de liberté de rotation
est perpendiculaire à la direction axiale.

10. Actionneur linéaire selon la revendication 8, com-
prenant deux de ladite articulation, avec une premiè-
re desdites articulations fournissant le premier degré
de liberté de rotation, et une seconde desdites arti-

13 14 



EP 3 212 968 B1

9

5

10

15

20

25

30

35

40

45

50

55

culations fournissant un second degré de liberté de
rotation autour d’un autre axe transversal par rapport
à la direction axiale.

11. Actionneur linéaire selon la revendication 10, dans
lequel les axes du premier degré de liberté de rota-
tion et du second degré de liberté de rotation se trou-
vent dans un plan commun.

12. Actionneur linéaire selon la revendication 11, dans
lequel la direction axiale est normale au plan com-
mun.

13. Actionneur linéaire selon l’une quelconque des re-
vendications 8 à 12, comprenant en outre un jeu sé-
parant une surface extérieure du chariot (70) d’une
surface de la cavité intérieure (65), le jeu étant entre
152 mm et 356 pm (0,006" et 0,014").

14. Actionneur linéaire selon l’une quelconque des re-
vendications 8 à 13, dans lequel la au moins une
articulation comprend un rouleau cylindrique (71) fai-
sant saillie de manière radiale à partir du chariot (70),
et un trou circulaire (68) dans le tube coulissant (60)
logeant le rouleau cylindrique (71).
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