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(57)  Asliding sleeve (1) comprising two substantially
cylindrical sleeve portions (2), wherein the two sleeve
portions each have afirstaxial end (3), a second axial end
(4) and an outwardly directed receiving region (5) be-
tween the first axial end and the second axial end, where-
in the second axial end or the first and the second axial
ends have a larger outer diameter than the receiving
region, wherein an axial extension of the receiving region

is limited at least on one side by at least the second axial
end, wherein connection means (6) are formed at the first
axial ends to connect the two sleeve portions coaxially
and rotationally fixed to one another, an operating unit
(10) comprising a control adapter (13), a sliding sleeve
(1), especially a sliding sleeve according to the invention,
restoring means (12) and a housing (11) and a method for
manufacturing an operating unit.
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Description

[0001] The presentinvention relates to a sliding sleeve
comprising two substantially cylindrical sleeve portions,
an operating unit comprising a control adapter, a sliding
sleeve, especially a sliding sleeve according to the in-
vention, restoring means and a housing and a method for
manufacturing an operating unit.

[0002] Nowadays electronic systems are used to con-
trol machines such as agricultural vehicles, in particular
excavators. To facilitate user feedback in such systems
that are nearly free of sensible mechanical resistance,
which has typically given rise to user feedback, special
components need to be integrated. These create an
artificial mechanical resistance that is noticeable by a
machine user. Especially in agricultural vehicles, these
feedback forces need to be stronger than the vibrations
and jerking that are omnipresent in the typical use en-
vironment of these vehicles to be sensible by the user.
[0003] Operating levers are widely used in agricultural
vehicles. They are commonly controlled by an operating
unit. The form of the operating unit amongst others gives
rise to an opposing force enabling user feedback in an
electric steering system.

[0004] Known operating units integrated in operating
levers are large assemblies comprising pre-loaded
springs and are thus complicate to integrate. Further,
the inner friction of operating units can highly increase
during use, due to the relative motion of the components
adapted to the lever and the static ones and/or the
springs.

[0005] Therefore, the problem to be solved of the pre-
sentinvention s, to reduce inner mechanical friction of an
operating unit during use and provide an easily manu-
factured, individual and cheap operating unit.

[0006] This objectis achieved by a sliding sleeve com-
prising two substantially cylindrical sleeve portions,
wherein the two sleeve portions each have a first axial
end, a second axial end and an outwardly directed re-
ceiving region between the first axial end and the second
axial end, wherein the second axial end or the firstand the
second axial ends have a larger outer diameter than the
receiving region, wherein an axial extension of the re-
ceiving region is limited at least on one side by at least the
second axial end, wherein connection means are formed
at the first axial ends to connect the two sleeve portions
coaxially and such that they are rotationally fixed to one
another.

[0007] An advantage of the two sleeve portions ac-
cording to the invention are lower variety and complexity
of the components and therefore less costs during man-
ufacturing. The first axial ends are preferably partially
circumferential. The first axial end of each sleeve portion
has preferably two elongated webs, which are positioned
radially on the opposite of each other. The first axial ends
and a part of the receiving region provide a lever opening.
The second axial ends have a substantially hollow cy-
lindrical shape. Preferably, the two sleeve portions are

15

20

25

30

35

40

45

50

55

equal or at least provide equal first axial ends and an
equal longitudinal total length.

[0008] An embodiment of the invention provides that
the connection means are formed by at least one pin and
at least one socket. The connection means are posi-
tioned in such a way on each of the first axial end that
they can be positively and/or non-positively mounted to
each other. Thus, each pin is positioned opposite to a
respective socket to insert the pin in the socket while
connecting the sleeve portions to generate the sliding
sleeve. Preferably, the outer diameter of the pin is equal
or greater than the inner diameter of the socket to gen-
erate a transition tolerance or an interference fit. No
additional components are needed to manufacture the
sliding sleeve, which decrease costs of components,
manufacturing and assembly.

[0009] According to an embodiment of the invention,
an outer diameter of the receiving region is axially con-
stant. By the means of axially constants, such shape of
the outer diameter of the receiving region is included,
which differs from constant by a value that can appear
during manufacturing process. Further, the outer dia-
meter of the receiving region is especially formed even.
[0010] A further development of the invention provides
thatthe two sleeve portions each have position means for
positioning the sliding sleeve on an operating unit, espe-
cially on a housing of the operating unit, wherein the
position means are formed at the first axial end and/or
at the second axial end and/or are especially formed as a
part of a dovetail connection. Positioning the position
means on the second axial ends of the sliding sleeve
is preferable, due to the fact that the receiving region is
not interrupted. Further, possible external forces are
evenly absorbed by the sliding sleeve and can be evenly
transferred to the housing. The position means are pre-
ferably evenly positioned on the second axial ends of the
sliding sleeve, wherein the sliding sleeve can be guided
and fixed by the position means at once. Therefore, the
guiding direction of each position means is preferably
equal to easily insert the sliding sleeve into the housingin
use.

[0011] Inanembodimentof the invention, itis provided
that restoring means, especially at least one torsion
spring rest against the receiving region when in use,
wherein the second axial end or the first and second
axial ends form an axial stop for the restoring means
when in use. In case of different restoring means, the
second axial end is modified in such a way, that the length
of the receiving region along a longitudinal axis of the
sliding sleeve is adapted to the respective restoring
means, which are adapted to the receiving region in
use. As larger, the second axial end becomes in its
longitudinal length, the smaller the receiving regions
becomes in its longitudinal length. The total length of
the sliding sleeve itself remains equal, wherein the total
length of each sleeve portion remains equal too. The
second axial end of each of the two sleeve portions can
have a different length and therefore different restoring
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means can be rested against the receiving regions of
each of the two sleeve portions. Advantageously, differ-
ent torsion springs can be rested against the receiving
regions of each sleeve portion to provide different restor-
ing force depending on the motion of the control adapter
in use.

[0012] An embodiment of the invention provides that
the sliding sleeve is formed from a plastic, in particular
from a non-reinforced plastic. The function of the sliding is
to generate less friction during a motion of a control
adapterin use. Therefore, the outer surface of the sliding
sleeve is preferably even. Reinforced plastic includes
especially glass fibre, which changes the macro structure
of the plastic and constitute a rough surface. In a prefer-
able embodiment of the invention, the receiving region is
reworked to create better sliding properties. Such a re-
work can preferably be done by grinding or coating.
Further, in a preferable embodiment of the invention,
the sleeve portions and the sliding sleeve are made by
injection moulding or any printing processes. In general,
the sleeve portions and the sliding sleeve can be formed
from any material that can be used in an injection mould-
ing process or printing process.

[0013] The problem to be solved is further achieved by
an operating unit comprising a control adapter compris-
ing a lever adapter and a substantially cylindrical bearing
seat, a sliding sleeve, especially a sliding sleeve accord-
ing to the invention, wherein the sliding sleeve covers a
lateral surface of the bearing seat at least partially radially
and the sliding sleeve is arranged at a distance from the
bearing seat, restoring means, wherein the restoring
means rest against a receiving region of the sliding
sleeve, and a housing, wherein the control adapter, the
sliding sleeve and the restoring means are at least par-
tially accommodated in the housing, wherein the control
adapter is pivotally mounted relative to the housing,
wherein the sliding sleeve is fixedly mounted in the
housing, wherein the restoring means each rest against
the control adapter and the housing in such a way that the
restoring means generate a restoring force when the
control adapter is relatively pivoted.

[0014] By "substantially cylindrical" the invention un-
derstands the bearing seat has an outer partly cylindrical
surface, which is interrupted by the lever adapter in its
middle along a longitudinal axis of the sliding sleeve.
Further, the inner shape of the bearing seat may provide
at least one stop for mounting a bearing. Further, the
invention understands by "substantially cylindrical" a
cylindrical shape, which might have some deviations
from the mathematical definition of cylindrical. Such de-
viations appear especially during the manufacturing pro-
cess. The control adapter is preferably in direct contact
with the bearings only to generate less friction during a
motion of the control adapter in use. The sliding sleeve
comprises especially two substantially cylindrical sleeve
portions, wherein the sleeve portions are arranged to
adapt the restoring means thereto. Each sleeve portion
comprises one receiving region. If equal restoring means
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are rested against the receiving regions, equal sleeve
portions are used. If different restoring means are rested,
especially with different basic dimensions, different
sleeve portions are used, wherein a first axial end of
the sleeve portions by which they are connected to each
other remain the same in every of these embodiments.
The sliding sleeve receives the friction by a relative
motion between the sliding sleeve and the restoring
means. The restoring means have especially a substan-
tially hollow cylindrical shape, wherein an inner diameter
of the restoring means is smaller than an outer diameter
of a second axial end of the sliding sleeve. The inner
diameter of the restoring means is larger than an outer
diameter of the receiving region of the sliding sleeve,
wherein the receiving region is adjacent to the second
axial end to generate a stop of the restoring means along
a longitudinal axis of the sliding sleeve by the second
axial end. The housing can be closed by a housing cap to
bound an inside of the housing, wherein at least the
sliding sleeve is completely accommodated in the inside
of the housing. The housing provides a lever insertion
part, wherein the lever adapter of the control adapter is
inserted to the leverinsertion part. The leverinsertion part
is especially formed as an elongated hole, wherein the
housing does not disturb the motion of the control adap-
ter.

[0015] According to the invention the bearing seat is at
least partially hollow cylindrical and is orientated axisym-
metric, perpendicular to the lever adapter, wherein bear-
ings are mounted to an inner surface of the bearing seat
for mounting a control shaft pivotable relative to the
control adapter, wherein the control shaft is fixedly
mounted in the housing. The control shaft has especially
a screw-like shape and is inserted in the housing by two
openings of the housing, wherein the openings of the
housing have such dimensions, that the control shaft is
guided and fixedly positioned therein, wherein a shaft
head positioned on one end of the control shaft provides a
stop on an outer surface of the housing and a thread
positioned on another end of the control shaft is con-
nectable with a nut for a fixed bearing of the control shaft.
The control shaft has further on its circumferential surface
at least partly regions for receiving bearings, especially
rolling bearings. The regions of the control shaft for
receiving bearings are positioned on a same position
asregions of the bearing seat of the control adapter along
the longitudinal axis of the sliding sleeve. The control
shaft and the control adapter are indirectly mounted
through at least two bearings and are spaced apart from
each other.

[0016] A further development of the invention provides
that the restoring means are at least two torsion springs
and/or the restoring means are orientated axisymmetric,
perpendicular to the lever adapter. Torsion springs are
able to receive a generated force during a rotational
motion. The control adapter is mounted to an operating
lever on its lever adapter, wherein a longitudinal axis of
the lever adapter is perpendicular to the longitudinal axis
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of the sliding sleeve, wherein the substantially cylindrical
bearing seat of the control adapter is positioned concen-
trically to the sliding sleeve. Therefore, the restoring
means are especially orientated concentrically to the
bearing seat and/or a receiving region of the sliding
sleeve. Furthermore, the sliding sleeve provides two
receiving regions, wherein at least one restoring means
are mounted on each of the receiving regions.

[0017] An embodiment of the invention further pro-
vides that the restoring means have different restoring
constants, especially the at least two torsion springs have
different spring rates. With respect to the individual use of
the operating unit, the restoring constants and especially
the spring rates are chosen due to providing enough
resistance to get the user a clear feedback and to restore
the control adapter towards a starting position reliably.
While different restoring means interact with the control
adapter during different motions, the choice of the restor-
ing constants can also depend on the fact, if a user needs
to push or pull the operating lever and thus the control
adapter. The torsion spring has two ends, wherein one
end rest against the control adapter and the other end
rest against the housing. The torsion spring absorbs a
relative motion between the control adapter and the
housing.

[0018] According to the invention, the sliding sleeve
comprises position means, wherein the sliding sleeve is
positively and/or non-positively connected to the housing
via the position means. The position means are prefer-
ably part of the sliding sleeve especially they are formed
to positively connect them to the housing without the
need of any further components. More preferably the
position means are positioned on the axial firstend and/or
the axial second end of the sleeve portions in order to
provide a save mounting of the sliding sleeve within the
housing without disturbing the usage of the receiving
region. The position means are especially formed by a
dovetail connection, wherein the housing has respective
dovetail connections for mounting the sliding sleeve. The
position means are further capable to guide the sliding
sleeve in the housing and therefore to roughly position
the control adapter, which is preferable to insert the
control shaft easier. The position means itself can be
formed to generate a non-positively connection, since the
position means of the sliding sleeve and/or the position
means of the housing have an excess of dimension to
generate interference fits. Clearance fits are possible as
well between the position means of the sliding sleeve and
the housing.

[0019] The problem to be solved is further achieved by
a method for manufacturing an operating unit, especially
an operating unit according to the invention, comprising
the following steps:

- Sliding at least one restoring means onto a sleeve
portion,

- Sliding two sleeve portions onto a control adapter,
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wherein the two sleeve portions are slid onto the
control adapter coaxially towards each other,

- Connecting the two sleeve portions to form a sliding
sleeve on the control adapter,

- Attaching the restoring means to the control adapter,

- Inserting of the assembly consisting of the control
adapter, the sliding sleeve and the restoring means
into a housing, wherein the sliding sleeve is guided
on the housing via position means,

- Inserting of a control shaft through the control adap-
ter, according to which the control adapter is pivotally
mounted relative to the housing.

- Resting of the restoring means against the housing
and preloading of the restoring means.

[0020] According to the method of the invention, a very
easy manufacturing of the operating unit is provided.
Further, by manufacturing the operating unit according
to the invention the components of the operating unit are
reversible fixed to each other, especially in case of a
damage of one or more components of the operating
unit, it can be easily disassembled and the damaged
parts can be replaced. Further, all parts except the sliding
sleeve can be produced as standard parts independent
of the restoring means mounted on the sliding sleeve.
Additionally, the first axial ends of the sleeve portions are
equal to connect the sleeve portions to each other in-
dependent to the characteristics of the second axial end
and the receiving region. Therefore, the costs and com-
plexity of the manufacturing process are highly reduced.
Since the sliding sleeve is formed out of the two sleeve
portions, which are slided onto the control adapter, the
sliding sleeve provides a protection of a cylindrical bear-
ing seat of the control adapter.

[0021] The invention is explained in more detail below
with reference to two embodiments with reference to the
figures of the drawings.

Fig.1  shows an exploded view of a sliding sleeve in a
first embodiment,

Fig.2 shows an exploded view of a sliding sleevein a
second embodiment,

Fig. 3  shows a sectional perspective view of an oper-
ating unit in first embodiment,

[0022] Fig. 1 shows an exploded view of a sliding

sleeve 1 in a first embodiment, wherein the sliding sleeve
1 includes two equal sleeve portions 2, which are sub-
stantially cylindrical. Each sleeve portion 2 has a first
axial end 3 and a second axial end 4, wherein a receiving
region 5 with a constant outer diameter is accommodated
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in between the firstand the second axial end 3, 4. The first
axial ends 3 of the two sleeve portions 2 each include two
elongated webs 21 and are connected to each other
through connections means 6. One elongated web 21
of each first axial end 3 of each sleeve portion 2 has one
pin 7 as connection means 6 and the other elongated web
21 of each first axial end of each sleeve portion has on
socket 8 as connection means 6. The connection means
6 are extended along a longitudinal axis 22 of the sliding
sleeve 1. To connect the sleeve portions 2 to each other
the pins 7 are inserted in the sockets 8 to provide a
positive connection. The first axial end 3 further com-
prises on each of the two elongated webs 21 on their
outer circumferential surface one position means 9. The
position means of each elongated web 21 is a groove of a
dovetail connection. The second axial ends 4 include on
each of their front surfaces two ridges of a dovetail con-
nection as position means 9. Due to the dovetail connec-
tion itself and the position of the position means 9 in the
circumferential surface and the front surfaces of the
sliding sleeve 1, the sliding sleeve 1 is guided and can
be fixedly positioned in multiple directions excluding a
guiding direction g within a not shown housing 11 of an
operating unit 1 in use. The longitudinal axes of all posi-
tion means 9 are parallel to each other and to the guiding
direction g. One surface of the second axial end 3 is
perpendicular to the receiving region 5 to generate a stop
for a not shown restoring means 12 in use. While the
sleeve portions 2 are mounted to build a sliding sleeve 1,
the first axial end 3 and the receiving region 5 bound two
lever openings 23, which are positioned opposite to each
other.

[0023] Fig. 2 shows an exploded view of the sliding
sleeve 1 in a second embodiment, wherein the sliding
sleeve 1 on the second embodiment differs from the first
embodiment in the length of the second axial end 4 and
the receiving portion 5 along the longitudinal axis 22 of
the sliding sleeve 1 especially to receive alarger restoring
means 12 not shown here (see Fig. 3) than the restoring
means 12 of the first embodiment. All other parts of the
sliding sleeve 1 are identical to the first embodiment and
hence are not explained once again.

[0024] Fig. 3 shows a sectional perspective view of an
operating unit 10 in first embodiment, wherein a control
shaft 19 is inserted through openings 24 in an inside 26 of
a housing 11 of the operating unit 1 and control shaft 19 is
fixedly mounted on the housing 11 by a nut 25. The
control shaft 19 has on its part, which is mounted in
the inside 26, two different diameters, wherein one bear-
ing 18, built as rolling bearing is mounted on any of the
two different diameters. The control shaft 19 is indirectly
connected to a control adapter 13 by the two bearings 18.
The control adapter 13 comprises a lever adapter 14 and
asubstantially hollow cylindrical bearing seat 15, wherein
the two bearings 18 lay on a circumferential inner surface
17 of the bearing seat 15. The control adapter 13 extends
perpendicular to the longitudinal axis 22 of the sliding
sleeve 1 and is positioned in the middle of the bearing
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seat 15 along the longitudinal axis 22 of the sliding sleeve
1. The sliding sleeve 1 covers a lateral surface 16 of the
bearing seat 15 radially. The sliding sleeve 1 and the
control adapter 13 are spaced apart from each other. The
lever adapter 14 is inserted through the lever opening 23
of the sliding sleeve 1, wherein the lever opening 23 does
not limit a motion of the control adapter 13 during use. On
each of the two receiving regions 5 one restoring means
12 in form of a torsion spring 20 is attached. The second
axial ends 4 generate an axial stop to the restoring means
12. The sliding sleeve 1 is completely mounted within the
housing 11. Each of the torsion springs 20 have one end,
which rests on the control adapter 13 and another end,
which rests on the housing 11 to transfer a relative motion
between the control adapter 13 and the housing to at
least one of the torsion springs 20. The lever adapter 14 is
further inserted through a lever insertion part 27 of the
housing.

LIST OF REFERENCES
[0025]

sliding sleeve
sleeve portion
first axial end
second axial end
receiving region
connection means
pin

socket

position means
10  operating unit
11 housing

12 restoring means
13 control adapter
14  lever adapter
15 bearing seat

16  lateral surface
17  inner surface

18  bearing

19  control shaft

20 torsion spring
21  elongated web
22  longitudinal axis
23  lever opening

O~NO A WN -

©

24 opening
25 nut
26 inside

27  lever insertion part
g guiding direction

Claims

1. Sliding sleeve (1) comprising two substantially cy-
lindrical sleeve portions (2), wherein the two sleeve
portions (2) each have a first axial end (3), a second
axial end (4) and an outwardly directed receiving



9 EP 4 579 375 A1 10

region (5) between the first axial end (3) and the
second axial end (4), wherein the second axial end
(4) or the first and the second axial ends (3, 4) have a
larger outer diameter than the receiving region (5),
wherein an axial extension of the receiving region (5)
is limited at least on one side by at least the second
axial end (4), wherein connection means (6) are
formed at the first axial ends (3) to connect the two
sleeve portions (2) coaxially and such that they are
rotationally fixed to one another.

Sliding sleeve (1) according to claim 1, character-
ized in that the connection means (6) are formed by
at least one pin (7) and at least one socket (8).

Sliding sleeve (1) according to claim 1 or 2, char-
acterized in that an outer diameter of the receiving
region (5) is axially constant.

Sliding sleeve (1) according to claim 1, 2 or 3, char-
acterized in that the two sleeve portions (2) each
have position means (9) for positioning the sliding
sleeve (1) on an operating unit (10), especially on a
housing (11) of the operating unit (10), wherein the
position means (9) are formed at the first axial end (3)
and/or at the second axial end (4) and/or are espe-
cially formed as a part of a dovetail connection.

Sliding sleeve (1) according to any of the preceding
claims, characterized in that restoring means (12),
especially at least one torsion spring (12) rest
against the receiving region (5) when in use, wherein
the second axial end (4) or the first and second axial
ends (3, 4) form an axial stop for the restoring means
(12) when in use.

Sliding sleeve (1) according to any of the preceding
claims, characterized in that the sliding sleeve (1) is
formed from a plastic, in particular from a non-re-
inforced plastic.

Operating unit (10) comprising

a control adapter (13) comprising a lever adap-
ter (14) and a substantially cylindrical bearing
seat (15),

a sliding sleeve (1), especially according to one
of the preceding claims, wherein the sliding
sleeve (1) covers a lateral surface (16) of the
bearing seat (15) at least partially radially and
the sliding sleeve (1) is arranged at a distance
from the bearing seat (15),

restoring means (12), wherein the restoring
means (12) rest against a receiving region (5)
of the sliding sleeve (1), and

a housing (11), wherein the control adapter (13),
the sliding sleeve (1) and the restoring means
(12) are at least partially accommodated in the
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10.

1.

12.

housing (11),

wherein the control adapter (13) is pivotally
mounted relative to the housing (11), wherein
the sliding sleeve (1) is fixedly mounted in the
housing (11), wherein the restoring means (12)
each rest against the control adapter (13) and
the housing (11) in such a way that the restoring
means (12) generate a restoring force when the
control adapter (13) is relatively pivoted.

Operating unit (10) according to claim 7, character-
ized in that the bearing seat (15) is at least partially
hollow cylindrical and is orientated axisymmetric,
perpendicular to the lever adapter (14), wherein
bearings (18) are mounted to an inner surface (17)
of the bearing seat (15) for mounting a control shaft
(19) pivoted relative to the control adapter (13),
wherein the control shaft (19) is fixedly mounted in
the housing (11).

Operating unit (10) according to claim 7 or 8, char-
acterized in that the restoring means (12) are at
least two torsion springs (20) and/or the restoring
means (12) are orientated axisymmetric, perpendi-
cular to the lever adapter (14).

Operating unit (10) according to claim 7, 8 or 9,
characterized in that the restoring means (12) have
different restoring constants, especially the at least
two torsion springs (20) have different spring rates.

Operating unit (10) according to any of the claims 7 to
10, characterized in that the sliding sleeve (1)
comprises position means (9), wherein the sliding
sleeve (1) is positively and/or non-positively con-
nected to the housing (1) via the position means (9).

Method for manufacturing an operating unit (10),
especially according to one of claims 7 to 11, com-
prising the following steps:

- Sliding at least one restoring means (12) onto a
sleeve portion (2),

- Sliding two sleeve portions (2) onto a control
adapter (13), wherein the two sleeve portions (2)
are slid onto the control adapter (13) coaxially
towards each other,

- Connecting the two sleeve portions (2) to form
a sliding sleeve (1) on the control adapter (13),
- Attaching the restoring means (12) to the con-
trol adapter (13),

- Inserting of the assembly consisting of the
control adapter (13), the sliding sleeve (1) and
the restoring means (12) into a housing (11),
wherein the sliding sleeve (1) is guided on the
housing (11) via position means (9),

- Inserting of a control shaft (19) through the
control adapter (13), according to which the
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control adapter (13) is pivotally mounted relative
to the housing (11).

- Resting of the restoring means (12) against the
housing (11) and preloading of the restoring
means (12).
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claims fees have been paid, namely claim(s):
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All further search fees have been paid within the fixed time limit. The present European search report has
been drawn up for all claims.

As all searchable claims could be searched without effort justifying an additional fee, the Search Division
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search report has been drawn up for those parts of the European patent application which relate to the
inventions in respect of which search fees have been paid, namely claims:
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The Search Division considers that the present European patent application does not comply with the
requirements of unity of invention and relates to several inventions or groups of inventions, namely:

1. claims: 1-6

S8liding sleeve

2. claims: 7-12

Operating unit
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