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cumferential groove (121) facing the threads of the
rod, the ring and the rod being configured to per-
form a relative rotation to each other, wherein one
of the ring and the rod is configured to couple to
the electric motor such that the electric motor is
able to drive the relative rotation. The system fur-
ther comprises a plurality of balls (130) arranged
between the ring and the rod to roll along the cir-

cumferential groove and the threads to move the
other one of the ring and the rod in a longitudinally
direction in response to the relative rotation; and a
control unit (140) configured to control the electric
motor to provide a constant preload force acting
between the rod and the ring without moving the
other one of the ring and the rod in the longitudin-
ally direction.
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Linear actuator system and a method for providing a linear actuator force

The present invention relates to a linear actuator system and a method for providing a
linear actuation force and, in particular, to a ball screw bearing for an electro-mechanic

linear actuator gear.

Background

Linear actuators play an important role in commercial vehicles for actuating, for exam-
ple, a clutch or a brake. In many conventional systems, the clutches and brakes are oper-
ated by means of hydraulic or pneumatic systems using a plunger and several valves to
move the plunger forward and backward. In such systems it is, however, difficult to
control the linear actuation with a high precision. Therefore, there is a need to replace
such actuators by alternative systems based, for example, on electro-mechanical actua-
tors that provide an improved control over the actuation force and the actuation position.
There is a particular demand for using electric motors for linear actuators as for example

in clutch and brake systems.

When using electric motors, the provided rotational torque has to be transformed into the
linear actuator force to operate the exemplary clutch or brake system. One possible way
to provide such transformation is based on the so-called ball-screw principle. This prin-
ciple is not yet widely used in the field and there is a desire to use it in mass production
of vehicle actuators in an optimized way, while meeting the demands of high efficiency
and low costs in the production. In particular, when employing this principle in heavy-
duty vehicles, a mechanical load over a significant high stroke (linear translation) shall

be provided reliably and shall not result in increased maintenance costs.

Some conventional systems based on this principle are available. For example, US
888,619 discloses a ball screw mechanism with an outer thread in the screw and a paral-
lel inner thread in a nut, wherein the balls are kept in contact with each other. The balls
roll out from the nut and are guided back by a particular channel. However, the produc-

tion of this nut is more expensive (the additional channel has to be provided) and the
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transport of the balls is prone to malfunctions and thus the costs are further increased. A
similar system for a vehicle brake actuator is disclosed in DE 10 2008 032 819, wherein
the thread of the nut is filled by a chain of balls limiting, however, the stroke for the

actuator element.

GB 130,529 discloses another ball screw mechanism with circumferential inner ball
guiding grooves in the nut element and multiple start screws in connection with the
balls. Although this system simplifies the ball mechanism by guiding the balls in the
circumferential groove in the nut, the number of balls is dramatically decreased resulting
in an unbalanced load transfer to the screw. On the other hand, if the number of threads,
where the balls can start moving, will be increased, this has a significant effect on the
thread pitch and a balanced load transfer is still not yet ensured, because the balls may
change their relative angular positions. US 2,739,491 discloses a similar ball screw
mechanism, in which the relative angular positions of the balls are fixed by a cage ele-

ment allowing a planetary operation and ensuring a balanced load transfer.

US 3,489,055 discloses yet another ball screw mechanism having an intermediate rotat-
ing element within the nut, which is connected to the screw thread by additional balls
around a circumferential circle. The connection to the nut is made by a separate ball row.
Hence, this system is more complex and more expensive. Finally, GB 693,837 discloses
a power steering ball-spindle gear mechanism, wherein three balls couple to the housing
such that they cannot move axially. Also this system comprises a hollow shaft element
inserted between the screw and ball guiding with holes for the balls to keep the balls in a
defined angular position to each other. This hollow shaft element is the ball cage and is

used to apply a rotational movement on the balls.

All conventional systems are not yet optimal for the above mentioned applications.
Therefore, there is a demand for an improved linear actuating system based on the ball-
spindle solution which is simple to produce while providing a reliable solution even for

applications in heavy-duty vehicles.



10

15

20

25

WO 2016/150797 PCT/EP2016/055725

Summary of the Invention

The present invention solves the afore-mentioned problems by providing a linear actua-
tor system according to claim 1 or claim 2, a vehicle according to claims 11 or 12, and a
method according to claim 13. The dependent claims refer to specifically advantageous

realizations of the subject matters of the independent claims.

The present invention relates to a linear actuator system for providing a linear actuator
force transferred from an electric motor. The system comprises a rod with threads; a ring
with at least one circumferential groove facing the threads of the rod, the ring and the
rod being configured to perform a relative rotation to each other, wherein one of the ring
and the rod is configured to couple to the electric motor such that the electric motor is
able to drive the relative rotation. The system further comprises a plurality of balls ar-
ranged between the ring and the rod to roll along the circumferential groove and the
threads to move the other one of the ring and the rod in a longitudinally direction in
response to the relative rotation while being, for example, rotationally fixed. A control
unit is further comprised in the system and is configured to control the electric motor to
provide a constant preload force acting between the rod and the ring without moving the

other one of the ring and the rod in the longitudinally direction.

The term rod shall be construed in a very general way and may refer to any rod-like
element, which may also be part of a larger compound as long as it is suitable for the
defined function. Similarly, the term “ring™ shall refer to any kind of ring-like element,
which is suitable for the defined function. In particular, the ring may also be part of a
larger or more complex component and may, in particular, be connected or coupled to
any other components. The preload force may in particular be constant, which means
that the force does not modify or change in idle periods between two successive actua-
tion processes to provide the desired function that the linear actuator system responds
within a short response time to any actuation initiated via the control unit. The force may
be unidirectional, i.e. it may act always in the same direction, during actuations and idle

periods. Therefore, the balls are always clamped between the rod and the ring.



10

15

20

25

WO 2016/150797 PCT/EP2016/055725

-4 -

The present invention further relates to another linear actuator system for providing a
linear actuator force powered by an electric motor, wherein this system comprises: a rod
with at least one circumferential groove; a cylindrical tube with threads facing the at
least one circumferential groove of the rod, the cylindrical tube and the rod being con-
figured to perform a relative rotation to each other, wherein one of the cylindrical tube
and the rod is configured to couple to the electric motor such that the electric motor is
able to drive the relative rotation. This system further comprises a plurality of balls
arranged between the cylindrical tube and the rod to roll along the circumferential
groove and the threads to move the other one of the cylindrical tube and the rod in a
longitudinally direction in response to the relative rotation; and a control unit configured
to control the electric motor to provide a constant preload force acting between the rod
and the cylindrical tube without moving the other one of the cylindrical tube and the rod

in the longitudinally direction.

In further embodiments the at least one circumferential groove comprises a first circum-
ferential groove and a second circumferential groove, wherein the plurality of balls
comprises a first plurality of balls engaged with a first circumferential groove and a
second plurality of balls engaged with a second groove (while engaging the threads), the
first circumferential groove being longitudinally displaced with respect to the second

circumferential groove.

In yet another embodiment, the linear actuator system further comprises a cage arranged
between the rod and the ring, or arranged between the rod and the cylindrical tube, the
cage comprises openings configured to receive the pluralities of balls and to hold the

plurality of balls at predetermined angular distances from each other.

The cage may, for example, be a cylindrical, tube-like object which is suitable for retain-
ing the plurality of balls in the predetermined angular distance from each other. Howev-
er, in further embodiments it may also be possible that a cage is formed as a grid-like
structure which can be arranged between the ring and the rod while keeping the plurality

of balls in the desired positions.
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In yet another embodiment, for each circumferential groove and in each thread of the

threads one respective ball is disposed.

In yet another embodiment, the linear actuator system further comprises a gear transmis-
sion, which is configured to couple to the electric motor and to provide a gearing for a

torque provided by the electric motor.

In yet another embodiment, the gear transmission may comprise at least one of the fol-
lowing: a spur gear, a helical gear, a planetary gear, a cycloid gear, harmonic drive gear,

teeth-belt or chain gear wheel or any combination thereof.

In yet another embodiment, the rotational torque of the electric motor may be directly

provided to the rod or to the ring or to the cylindrical tube.

In yet another embodiment, the linear actuator system may further comprise a coupling
element configured to supply the linear motion to a clutch of a vehicle drive line or to a

vehicle brake system or to a control valve of the vehicle for controlling a fluid flow.

In yet another embodiment, the linear actuator system may further comprise a sensor
being configured to measure a longitudinal actuation of the linear actuator, the sensor
being configured to provide a sensor signal indicative of the longitudinal position or the
longitudinal force provided by the linear actuator and to provide the sensor signal to the
control unit. The control unit may be configured to adjust the control of the electric

motor based on the control signal.

The present invention relates also a vehicle comprising: an electric motor; one of the
above linear actuator systems; and a clutch being coupled to the linear actuator system

and being driven by a linear actuation force provided by the linear actuator system.

The present invention relates also a vehicle comprising: an electric motor; a vehicle
brake system; and one of the linear actuator systems described above, which is coupled

to the vehicle brake system to provide an actuation the vehicle brake.
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The present invention relates also a method for controlling a linear actuator, the linear
actuator being coupled to an electric motor and comprising a rod, a tubular ring and a
plurality of balls. The method comprises: controlling the electric motor to provide a
relative rotation between the rod and the tubular ring by rotating one of the rod and the
tubular ring; transforming the relative rotation into a longitudinal motion of the other
one of rod and the ring by rolling the plurality of balls along a thread and a circumferen-
tial groove, one of which provided on the rod, the other one provided at the tubular ring;
and providing a preload force between the rod and the tubular ring without causing a

linear motion (e.g. in the idle periods).

This method may also be implemented at least in part in software or a computer program
product and the order of steps is not important to achieve the desired effect. In addition,
all functions described previously in conjunction with the systems may be realized as

further method steps and be implemented in software or software modules.

Brief Description of the Drawings

Various embodiments of the present invention will be described in the following by way

of examples only, and with respect to the accompanying drawings, in which:

Fig. 1 depicts a linear actuator system according to an embodiment of the present inven-

tion.

Fig. 2 depicts a linear actuator system according to another embodiment of the present

invention.

Fig. 3 illustrates further details of the embodiment of Fig. 1.

Fig. 4 illustrates the operation of the linear actuator system when coupled to an electric

motor.

Fig. 5 depicts another linear actuator system according to another embodiment.
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Fig. 6a, b depict the linear actuator systems with an optional gearing system.
Fig. 7a, b depict further embodiments with a positional sensor.

Fig. 8 shows a flow diagram of a method according to the present invention.

Detailed Description

Fig. 1 depicts a linear actuator 100 according to one embodiment of the present inven-
tion. The system 100 comprises: a rod 110 with threads 111, a ring 120 with at least one
circumferential groove 121 facing the threads of the rod, the ring 120 and the rod 110
being configured to perform a relative rotation to each other, wherein one of the ring 120
and the rod 110 is configured to couple to the electric motor 50 such that the electric
motor 50 is able to drive the relative rotation. The system 100 further comprises a plural-
ity of balls 130 arranged between the ring and the rod to roll along the circumferential
groove 121 and the threads 111 to move the other one of the ring 120 and the rod 110 in
a longitudinally direction in response to the relative rotation. The system 100 further
comprises a control unit 140 configured to control the electric motor 50 to provide a
constant preload force (or torque T) acting between the rod 110 and the ring 120 without

moving the other one of the ring 120 and the rod 110 in the longitudinally direction.

According to the present invention, as long as no force is applied on the rod 110 or the
ring 120 the balls 130 are not fixed in its position along the threads or groove, but may
freely roll (as long as they still engage the threads/groove). In particular, the balls are not
necessarily retained at predetermined positions by a cage or similar holding elements.
However, the ring 120 can move longitudinally only if the balls 130 move in the longi-
tudinal direction and the balls will change their longitudinal position only if they move
along the threads 111, 112. Therefore, if for some reasons the balls are stuck at a particu-
lar position on the screw (the rod 110), the ring 120 will not move longitudinally even if
the rod 110 is rotating. Therefore, according to the present invention, the balls 130 will
be subject to a friction or a pretension between the balls 130 and the ring 120 as well as

between the balls 130 and the rod 110 (i.e. the balls may permanently be clamped be-
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tween the ring 120 and the rod 110). This pretension is provided by the electromotor 50
as controlled by the control unit 140 during operation and during idle periods (when the

ring does not move longitudinal).

Therefore, according to the present invention, the control unit 140 is configured to con-
trol the electric motor 50 in a way that the balls 130 are always in contact to the rod 110
and to the ring 120, thereby ensuring that a rotation of the rod 120 will immediately
result in an axial force L on the ring 120 and thus ensuring the correct operation of the
linear actuator system 100. These two contact points, where the (unidirectional) preload

force acts are indicated in Fig. 1 by the points P.

Fig. 2 depicts another embodiment for a linear actuator system 200 for providing a linear
actuator force transferred from an electric motor 50. This system 200 comprises: a rod
210 with at least one circumferential groove 211 and a cylindrical tube 220 with threads
221 facing the at least one circumferential groove 211 of the rod 210, the cylindrical
tube 220 and the rod 210 being configured to perform a relative rotation to each other,
wherein one of the cylindrical tube 220 and the rod 210 is configured to couple to the
electric motor 50 such that the electric motor 50 is able to drive the relative rotation. The
system further comprises a plurality of balls 230 arranged between the cylindrical tube
220 and the rod 210 to roll along the circumferential groove 211 and the threads 221 to
move the other one of the cylindrical tube 220 and the rod 210 in a longitudinally direc-
tion in response to the relative rotation. The system further comprises a control unit 140
configured to control the electric motor 50 to provide a constant preload force (or torque
T) acting between the rod 210 and the cylindrical tube 220 without moving the other one
of the cylindrical tube 220 and the rod 210 in the longitudinally direction.

Similar to the embodiment of Fig. 1, if the control unit 140 would not provide a preload
force between the rod 210 and the cylindrical tube 220, the balls 230 could, in principle,
stay at a particular position within the thread 221 without any contact to the groove 211
of the rod 210 and thus would not move along threads 211 and would not impose a line-
ar force on the cylindrical tube 220. Such operation would be against the linear actuator

system and should be prevented. The simplest way of preventing this idle mode is to
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provide a (unidirectional) preload or pretension between the rod 210 and the cylindrical
tube 220. As a consequence of this preload, a rotation of the rod 210 would immediately
imply a rotation of the balls 230 being pressed or clamped between the cylindrical tube
220 and the groove 211 of the rod 210 as it is visible in Fig. 2. Again, the contact points

P are a result of this permanent preload force.

Fig. 3 shows a cross-sectional view through the rod 110 and the ring 120 perpendicular
to the axial direction of the rod 110 for the embodiment of Fig. 1. It is noted, the same
details can also be implemented in the embodiment of Fig. 2 they are described only for

simplicity in conjunction with the embodiment of Fig. 1.

In the embodiment shown in Fig. 3, the rod 110 comprises three threads: a first thread
111, a second thread 112 and a third thread 113. As a consequence, in the cross-sectional
view, the rod 110 provides three open spaces to accommodate a first ball 131, a second
ball 132 and a third ball 133, wherein in the first ball 131 rolls along the first thread 111,
the second ball 132 rolls along the second thread 112, and the third ball 133 rolls along
the third thread 113. The exemplary threads are distinct threads not being connected with
each other. In addition, the cross-sectional view through the rod 110 and the ring 120
extends along the groove 121 arranged within the ring 120, along which the first to third
balls 131 to 133 can roll.

In this embodiment, the linear actuator system 100 comprises an optional cage 300 ar-
ranged between the ring 120 and the rod 110. The cage 300 comprises a cylindrical
shape with openings for each ball 130 such that the plurality of balls are fixed by the
cage 300 at predetermined angular positions relative to each other (not necessarily their
absolute angular positions). For example, the cage 300 in the embodiment of Fig. 3 may
comprise three openings: one for the first ball 131, one for the second ball 132 and one
for the third ball 133 fixing their angular position at equidistant angular distances from
each other. As a result, the cage 300 can ensure that the linear force L provided by the
ring 120 as consequence of the rotation of the rod 110 will be transferred to the ring 120
uniformly, thereby avoiding any tilting of the ring 120 in comparison to the rod 110.

Hence, the ring 120 can move easily along the longitudinal direction upon a rotation of
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the rod 110.

Fig. 4 depicts the linear actuator systems 100, 200, as for example shown in Figs. 1 and
2 (the threads and circumferential grooves are not shown in this Fig.), together with the
electric motor 50. The electric motor 50 provides a torque T acting on the rod 110, 210.
This torque T is transformed into a linear force L provided by the tubular ring 120 as a
consequence of the rolling balls (not shown in Fig. 4) within the tubular ring (e.g. the
ring 120 or cylindrical tube 220). The transformation may be achieved by rotationally
fixing the tubular ring 120, 220, for example in comparison to the motor 50 or a housing

(not shown in Fig. 4).

In addition, Fig. 4 also does not show any connection of the tubular ring 120, 220 with
the exemplary clutch or brake system or any other system to which the linear actuation
force may be provided by the linear actuator systems 100, 200. Therefore, the tubular
ring 120, 220 in Fig. 4 is shown only in a simplified way, but may actually be part of a

other more complex component or may be connected to such component.

Fig. 5 shows an embodiment, wherein the linear force L is not provided by the tubular
ring 120, 220 but by the rod 110, 210. In this embodiment the motor 50 provides again
the torque T, for example, to a cylindrical portion 126 coupled to the tubular ring 120,
220. As consequence, the tubular ring 120, 220 rotates upon actuation of the electric
motor 50. If the rod 110, 210 is rotationally fixed, for example in comparison to the
motor 50 or a housing (not shown in Fig. 5), the rod 110, 210 will move forward along
the direction of the linear force L. Again, balls are provided between the rod 110, 210
and the tubular ring 120 (not shown in Fig. 5). Therefore, the only difference compared
to the previous embodiments is that the tubular ring 120, 220 comprises the cylindrically
portion 126 connecting or coupling the tubular ring 120, 220 to the electric motor 50 and
that the rod 110, 210 is not connected to the motor 50. The threads and the circumferen-
tial groove in the tubular ring and at the rod can be arranged in the same way as dis-

closed and described previously with Fig. 1 or Fig. 2.

Figs. 6a, b show further embodiments for the linear actuator systems 100, 200 which
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comprise a gear unit 460 coupled to the electric motor 50.

In Fig. 6a the gear unit 460 is interposed between the electric motor 50 and the rod 110,
210. In Fig. 6b the gear unit 460 is interposed between the cylindrical portion 126 cou-
pled to the tubular ring 120, 220 (see Fig. 5) and the electric motor 50.

The gear unit 460 may, for example, provide a gearing such that a rotational speed or
torque T2 provided by the electric motor 50 is transformed into a lower or a higher rota-
tional speed or torque T1 of the rod 110, 210 or the tubular ring 120, 220. Therefore, the
rotational speed of the rod 110, 210 and the resulting longitudinal movement of the
tubular ring 120, 230 can be optimized and adjusted to an optimal operation of the elec-
tric motor 50 or the exemplary clutch of brake system. The gear unit 460 may comprise
any kind of gear as for example a teeth belt, a planetary gear system or any other gearing

suitable for transforming a first rotational speed into another rotational speed.

Figs. 7a, b show further embodiments of the linear actuator systems 100, 200. Fig. 7a
again relates to the embodiment as shown in Fig. 4 and Fig. 7b relates to embodiment as

shown in Fig. 5.

In both embodiments the linear actuator systems 100, 200 comprise an optional sensor
470, which is configured to detect an axial or longitudinal position of the tubular ring
110, 210 in comparison, for example, to the electric motor 50 or a housing (not shown in
Fig. 7). The sensor 470 may further be configured to detect the longitudinal force L
exerted by the tubular ring 110, 210. Such force detection may enable the control unit
140 to adapt the operation of the electric motor 50 or the optional gear unit 460 in ac-
cordance to the needs. For example, the provided longitudinal force L can be adjusted to

actuate the exemplary braking system or the clutch in a desired way.

Moreover, in the embodiments shown in Figs. 7a, b the control unit 140 is directly con-
nected to the electric motor 50 and is configured to receive a sensor signal from the
sensor 470 and to adjust the torque T and/or rotational speed provided by the electric

motor 50 in response to the sensor signal received from the sensor unit 470. Therefore,
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the linear actuators according to Figs. 7a, b are able to adjust dynamically the needed
linear force L as demanded for example by an operational state of the vehicle or by a

driver.

Fig. 8 shows a flow diagram of a method according to an embodiment of the present
invention for controlling a linear actuator, the linear actuator being coupled to an electric
motor and comprising a rod, a tubular ring and a plurality of balls. The method compris-
es: controlling S110 the electric motor to provide a relative rotation between the rod and
the ring by rotating one of the rod and the ring; transforming S120 the relative rotation
into a longitudinal motion of the other one of rod and the ring by rolling the plurality of
balls along a thread and a circumferential groove, one of which provided on the rod, the
other one provided at the ring. The method further comprises providing S130 a preload

force between the rod and the ring without causing a linear motion.

This method may partly be computer-implemented and a person of skill in the art would
readily recognize that steps of various above-described functions may be performed by

programmed computers.

According to the present invention, this method may be implemented by a linear actuator
system 100, 200 for providing a linear actuator force transferred from an electric motor
50. This system 100, 200 comprises a plurality of threads 111, 221 and at least one cir-
cumferential groove. This system 100, 200 further comprises a rod 110, 210 and a tubu-
lar ring 120, 220, one of which comprises the plurality of threads and the other one
comprises the at least one circumferential groove such that the plurality of threads face
the at least one circumferential groove. The tubular ring 120, 220 and the rod 110, 210
are configured to perform a relative rotation relative to each other, wherein one of the
tubular ring 120, 220 and the rod 110, 210 is configured to couple to the electric motor
50 such that the electric motor 50 is able to drive the relative rotation. The system 100,
200 further comprises a plurality of balls 130, 230 arranged between the tubular ring
120, 220 and the rod 110, 210 to roll along the circumferential groove 121, 211 and the
threads 121, 221 to move the other one of the tubular ring 120, 220 and the rod 110, 120

in a longitudinally direction in response to the relative rotation. The system 100, 200
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further comprises a control unit 140 configured to control the electric motor 50 to pro-
vide a constant preload force T acting between the rod 110, 210 and the tubular ring 120,
220 without moving the other one of the ring 120, 220 and the rod 110, 210 in the longi-

tudinally direction.

Advantageous aspects of the various embodiments can be summarized as follows:

Linear actuators 100, 200 as disclosed herein are widely used in vehicle systems to move
mechanical elements against a load of elastic elements, as for example a spring or any
elastic element like an engine clutch diaphragm or a returning spring of a fluid flow
control valve. As for of wheel brakes, it may be a caliper itself, which represents the
elastic element and generates the force load. In general, operations, which are actuated
by fluid based actuators, are applications where a unidirectional load is provided. For
this case further simplifications are possible, since the contact of the elements, to which
the load is transferred, is constant and effects (like a backlash) are not part of the opera-
tion. In this way, the mechanism, which acts linearly against the load, does not need a
change in the mechanical contact points along the actuation axle and does not need a
backlash elimination function. Hence, the inclusion of pretension elements in the gear
component can be eliminated, while the continuous load on the transmission is securely

provided.

One possible embodiment of a mechanical gear, which is sufficient to transfer the rota-
tional movement to a linear movement in the actuator, has a continuous load on the
transmission as shown in Fig. 3. The screw element (the rod 110) comprises outer helical
grooves with multiple starts in order to have multiple placing points around its axle in
the same surface perpendicular to its axle. In accordance to the number of thread starts
the same number of balls 130 can be placed in the same perpendicular surface into the
threads and further connected to the circumferentially grooved ring 120 in the cross-
sectional surface. Thee angular displacement of the balls 120 can further be maintained
by a ball supporting cage 140. The operation of the mechanism is ensured by the friction
between the balls 130 and the ring 110, which is generated by the load which is assumed

to exist continuously on the mechanism.
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Furthermore, many applications need a high dynamic operation in that the mass forces
are working against the static load of the transmission. To ensure the continuous load at
such conditions, an appropriate control of the load is needed, which may not be fulfilled
by passive elements only. However, a control of an electric motor 50 is sufficiently fast
and accurate to maintain the continuous load on the mechanism. This means, that the
operation of the mechanism by an electric motor is a solution to the gear operation at any

condition.

The other figures explain further details and optional components, which can be inte-
grated. For example, Fig. 4 showed the integration of the electric motor 50, where the
screw element is rotated by the motor 50, while the linear movement is generated by the
ring element 120 guided in the way that a rotation of the ring element 120 is locked (the
ring element is rotationally fixed, e.g. to a housing). Fig. 5 further showed the integra-
tion of the electric motor 50, wherein the ring 120 is rotated by the motor 50, but the
linear movement is generated by the screw element 110 guided in a way that rotation of
the screw element 110 is locked. Fig. 6 showed the actuator component structure, where-
in the rotational power of the electric motor 50 is transferred by a shape locking gear
arrangement 460 to the rotated element of the screw-ball mechanism which can be either
the screw element 110 or the ring element 120. Fig. 7 showed an optional position
and/or force sensor 470 which may be placed on the linearly moving element and con-

nected to the actuator control 480.

Further advantageous embodiments of the present invention relate to a linear actuator of
a vehicle system continuously loaded by a unidirectional load and powered by an elec-
tric motor and comprises an electric control and is characterized in that a rotational
actuation power is transferred to a longitudinal actuation power by a threaded screw in

connection by cage guided balls to circumferential grooved ring element.

Furthermore, the present invention relates to a linear actuator being characterized in that
the circumferential grooved ring may contain multiple circumferential grooves in de-

fined axle displacements from each other in the direction of the screw axle.
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The present invention further relates to a linear actuator being characterized in that a
number of the cage guided balls is equal to a number of screw threads starting for each

groove in the ring element.

The present invention relates further to a linear actuator being characterized in that the
angular displacements between any of the balls within one groove are the same and are

maintained by the cage.

The present invention relates further to a linear actuator being characterized in that the
torque of the electric motor power generates the rotational actuation power or may be
transferred to the rotational actuation power by a shape locking gear transmission which
may be build up of any of the following a spur gear, a helical gear, a planetary gear, a
cycloid gear, harmonic drive gear, teeth-belt or chain gear wheel or any combination

thereof.

The present invention further relates to a linear actuator being characterized in that the
rotational actuation power is applied on the ring element while the screw performs a

longitudinal actuation power along a guiding which is locked against rotation.

The present invention further relates to a linear actuator being characterized in that the
rotational actuation power is applied on the screw element while the ring performs a

longitudinal actuation power along a guiding element, which locks it against rotation.

The present invention further relates to a linear actuator being characterized in that the

threaded screw may be created as a hollow shaft.

The present invention relates further to a linear actuator being characterized in that the
longitudinal actuation power may be used for operating at least one of a transmission
clutch of the vehicle drive line. The present invention relates further to a linear actuator
being characterized in that the longitudinal actuation power may be used for operating at

least one brake of the vehicle brake system.

The present invention relates further to a linear actuator being characterized in that the
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longitudinal actuation power is used for operating at least one fluid flow control valve of

the vehicle.

The present invention further relates to a linear actuator of a vehicle system which is
continuously loaded by a unidirectional load and powered by an electric motor and com-
prises an electric control and is characterized in that the rotational actuation power is
transferred to a longitudinal actuation power by a threaded screw in connection with
cage guided balls to a circumferential grooved ring element which is measured by a

sensing state variable of the longitudinal actuation power.

The present invention further relates to a linear actuator being characterized in that the
state variable of the longitudinal actuation power may be the position and/or the force

load of the longitudinal moving element.

The present invention further relates to a linear actuator being characterized in that the

longitudinal moving element may be the threaded screw or the grooved ring.

The present invention provides a solution for enabling a simple realization of the screw-
ball mechanism for unidirectionally loaded linear actuator gears which provides the
required initial friction via the integration of an electric motor which can generated the

pretension together with the load.

The description and drawings merely illustrate the principles of the disclosure. It will
thus be appreciated that those skilled in the art will be able to devise various arrange-
ments that, although not explicitly described or shown herein, embody the principles of

the disclosure and are included within its scope.

Furthermore, while each embodiment may stand on its own as a separate example, it is
to be noted that in other embodiments the defined features can be combined differently,
i.e. a particular feature descripted in one embodiment may also be realized in other em-
bodiments. Such combinations are covered by the disclosure herein unless it is stated

that a specific combination is not intended.
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List of reference signs

electric motor

linear actuator system
plurality of threads
circumferential groove
rod

tubular ring
cylindrical portion
plurality of balls
control units

cage

gear unit

sensor

contacting points
torque

longitudinal force
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Claims

A linear actuator system (100) for providing a linear actuator force transferred

from an electric motor (50), the system (100) comprising:

arod (110) with threads (111);

a ring (120) with at least one circumferential groove (121) facing the threads
(111) of the rod (110), the ring (120) and the rod (110) being configured to per-
form a relative rotation to each other, wherein one of the ring (120) and the rod
(110) 1s configured to couple to the electric motor (50) such that the electric mo-

tor (50) is able to drive the relative rotation;

a plurality of balls (130) arranged between the ring (120) and the rod (110) to roll
along the circumferential groove (121) and the threads (111) to move the other
one of the ring (120) and the rod (110) in a longitudinally direction in response to

the relative rotation; and

a control unit (140) configured to control the electric motor (50) to provide a
constant preload torque (T) acting between the rod (110) and the ring (120) with-
out moving the other one of the ring (120) and the rod (110) in the longitudinally

direction.

A linear actuator system (200) for providing a linear actuator force transferred

from an electric motor (50), the system (200) comprising:

arod (210) with at least one circumferential groove (211);

a cylindrical tube (220) with threads (221) facing the at least one circumferential
groove (211) of the rod (210), the cylindrical tube (220) and the rod (210) being
configured to perform a relative rotation to each other, wherein one of the cylin-
drical tube (220) and the rod (210) is configured to couple to the electric motor

(50) such that the electric motor (50) is able to drive the relative rotation;
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a plurality of balls (230) arranged between the cylindrical tube (220) and the rod
(210) to roll along the circumferential groove (211) and the threads (221) to
move the other one of the cylindrical tube (220) and the rod (210) in a longitudi-

nally direction in response to the relative rotation; and

a control unit (140) configured to control the electric motor (50) to provide a
constant preload torque (T) acting between the rod (210) and the cylindrical tube
(220) without moving the other one of the cylindrical tube (220) and the rod
(210) in the longitudinally direction.

The linear actuator system (100, 200) of claim 1 or claim 2, wherein the at least
one circumferential groove (121, 211) comprises a first circumferential groove
and a second circumferential groove, wherein the plurality of balls (130, 230)
comprises a first plurality of balls engaged with a first circumferential groove and
a second plurality of balls engaged with a second groove, the first circumferential
groove being longitudinally displaced with respect to the second circumferential

groove.

The linear actuator system (100, 200) according to one of the proceeding claims,
further comprising a cage (300) arranged between the rod (110) and the ring
(120), or arranged between the rod (210) and the cylindrical tube (220), the cage
(300) comprising openings configured to receive the pluralities of balls (130,
230) and to hold the plurality of balls (130, 230) at predetermined angular dis-

tances.

The linear actuator system (100, 200) according to one of the proceeding claims,
wherein each thread of the threads (111, 221) accommodates one ball for each

circumferential groove (121, 211).

The linear actuator system (100, 200) according to one of the proceeding claims,
further comprising a gear unit (460), which is configured to couple to the electric

motor (50) and to provide a gearing for a torque (T1) provided by the electric
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motor (50).

The linear actuator system (100, 200) according claim 6, wherein the gear unit
(460) comprises at least one of the following: a spur gear, a helical gear, a plane-
tary gear, a cycloid gear, harmonic drive gear, teeth-belt or chain gear wheel or

any combination thereof.

The linear actuator system (100, 200) according to one of the proceeding claims,
wherein the rotational torque (T) of the electric motor (50) is directly provided to

the rod (110, 210) or to the ring (120) or to the cylindrical tube (220).

The linear actuator system (100, 200) according to one of the proceeding claims,
further comprising a coupling element configured to supply the linear motion to a
clutch of a vehicle drive line or a vehicle brake system or to a control valve of the

vehicle for controlling a fluid flow.

The linear actuator system (100, 200) according to one of the proceeding claims,
further comprising a sensor (470) being configured to measure the longitudinal
motion of the ring (120), cylindrical tube (220) or the rod (110, 210), the sensor
(470) being configured to provide a sensor signal indicative of the longitudinal
position or the longitudinal force provided by the ring (120), the cylindrical tube
(220) or the rod (110, 210), and to provide the sensor signal to the control unit
(140), the control unit (140) being configured to adjust the a control of the elec-

tric motor (50) based on the control signal.

A vehicle comprising:

an electric motor (50) configured to provide a torque (T) in an idle state;

a linear actuator system (100, 200) according to one of the proceeding claims;

and

a clutch being coupled to the linear actuator system (100, 200) and being driven
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by a linear actuation force provided by the linear actuator system (100, 200).

A vehicle comprising:

an electric motor (50) configured to provide a torque (T) in an idle state;

a vehicle brake system; and

a linear actuator system (100, 200) according to one of the claims 1 to 10, which

is coupled to the vehicle brake system to provide an actuation to the vehicle
brake.

Method for controlling a linear actuator (100, 200), the linear actuator (100, 200)
being coupled to an electric motor (50) and comprising a rod (110, 210), a tubu-

lar ring (120, 220) and a plurality of balls (130, 230), the method comprising:

controlling (S110) the electric motor (50) to provide a relative rotation between
the rod (110, 210) and the tubular ring (120, 220) by rotating one of the rod (110,
210) and the tubular ring (120, 220);,

transforming (S120) the relative rotation into a longitudinal motion of the other
one of rod (110, 210) and the tubular ring (120, 220) by rolling the plurality of
balls (130, 230) along a thread (111, 221) and a circumferential groove (121,
211), one of which provided on the rod (110, 210), the other one provided at the
tubular ring (120, 220); and

providing (S130) a preload force between the rod (110, 210) and the tubular ring

(120, 220) without causing a linear motion.
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