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(57) Abrégé/Abstract:

Machine comprising an actuator system and an electrical connecting device. The electrical connecting device has a main body and
a displacement body mounted in a linearly movable manner relative to one another in a longitudinal direction. The main body has a
cavity in which a longitudinal section of the displacement body is accommodated or vice versa. The main body has a plurality of
conductor tracks extending in the longitudinal direction and insulated from one another. The displacement body has a plurality of
sliding elements insulated from one another and resting on a contact surface of a respective one of the conductor tracks. The
sliding elements project from a displacement body surface of the displacement body. The contact surfaces of at least two of the
conductor tracks are angled in relation to one another. The electrical connecting device serves to electrically contact components
of the machine that move linearly in relation to one another, and relative displacement of the main body and displacement body is
performed by the actuator system.
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Abstract

Machine comprising an actuator system and an electrical connecting device. The
electrical connecting device has a main body and a displacement body mounted in
5 alinearly movable manner relative to one another in a longitudinal direction. The

main body has a cavity in which a longitudinal section of the displacement body is
accommodated or vice versa. The main body has a plurality of conductor tracks
extending in the longitudinal direction and insulated from one another. The
displacement body has a plurality of sliding elements insulated from one another

10 and resting on a contact surface of a respective one of the conductor tracks. The
sliding elements project from a displacement body surface of the displacement
body. The contact surfaces of at least two of the conductor tracks are angled in
relation to one another. The electrical connecting device serves to electrically
contact components of the machine that move linearly in relation to one another,

15 and relative displacement of the main body and displacement body is performed
by the actuator system.
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Electrical connecting device having a main body and a displacement body

The invention relates to an electrical connecting device having a main body and a
displacement body which are mounted in a linearly movable manner in relation to
one another in a longitudinal direction, wherein the main body has a cavity in
which a longitudinal section of the displacement body is accommodated or vice
versa, wherein the length of the longitudinal section accommodated in the cavity is
variable by a relative movement of the main body and the displacement body in
the longitudinal direction.

In a large number of machines, various components are routed linearly in relation
to one another. In this case, signals or current are often intended to be conducted
to a moving component. For example, it is possible for signals or current to be
intended to be conducted to a moving carriage or to a telescopically extending
component. Fields of application for such current or signal conductance can be
found, for example, in handling technology, automation technology, assembly
technology, linear technology and in the field of manipulators and portals. In
principle, flexible cables could be used for connecting components that move
linearly in relation to one another. In order to ensure that the minimum permissible
bending radius of the cables is not undershot, said cables are typically routed by a
cable drag chain here. However, this can lead to additional use of installation
space and limit achievable cycle times.

Another approach for contacting components that move linearly in relation to one
another is known from document DE 102 08 704 A1. Said document proposes
routing a contact pin telescopically within a conductive tube, wherein conductive
rollers are arranged on the contact pin and are pressed against the inner surface
of the conductive tube by compression springs in order to electrically contact said
conductive tube. The described arrangement is advantageous since, owing to the
arrangement of the contact area in a cavity, said contact area is protected against
contaminants and electric shock protection can be implemented in a simple
manner. In addition, the described contacting exhibits a low level of wear.
However, one disadvantage is that, when contacting a large number of signal lines
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or current supply lines, a relatively high level of expenditure and a relatively large

installation space requirement result.

Therefore, the invention is based on the object of providing a connection for a plurality
of signal or power lines with a low level of technical expenditure and use of

installation space.

According to the invention, the object is achieved by a machine comprising an
actuator system and an electrical connecting device, the electrical connecting device
having a main body and a displacement body which are mounted in a linearly
movable manner in relation to one another in a longitudinal direction, wherein the
main body has a cavity in which a longitudinal section of the displacement body is
accommodated or vice versa, wherein the length of the longitudinal section
accommodated in the cavity is variable by a relative movement of the main body and
the displacement body in the longitudinal direction, wherein the main body has a
plurality of conductor tracks extending in the longitudinal direction and insulated from
one another and the displacement body has a plurality of sliding elements insulated
from one another and resting on a contact surface of a respective one of the
conductor tracks for electrically contacting the conductor tracks,

- wherein the conductor tracks are arranged on a main body surface of the
main body, which main body surface is round in a cross-sectional plane
perpendicular to the longitudinal direction or is formed by a plurality of surface
sections angled in relation to one another,

- wherein the sliding elements project from a displacement body surface of the
displacement body, which displacement body surface is round in the cross-
sectional plane or is formed by a plurality of surface sections angled in
relation to one another,

- wherein the contact surfaces of at least two of the conductor tracks are
angled in relation to one another,

wherein the electrical connecting device serves to electrically contact

components of the machine that move linearly in relation to one another,
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2a

wherein the relative displacement of the main body and the displacement body

is performed by the actuator system.

In an embodiment, there is provided an electrical connecting device having a main
body and a displacement body which are mounted in a linearly movable manner in
relation to one another in a longitudinal direction, wherein the main body has a cavity
in which a longitudinal section of the displacement body is accommodated or vice
versa, wherein the length of the longitudinal section accommodated in the cavity is
variable by a relative movement of the main body and the displacement body in the
longitudinal direction, wherein the main body has a plurality of conductor tracks
extending in the longitudinal direction and insulated from one another and the
displacement body has a plurality of sliding elements insulated from one another and
resting on a contact surface of a respective one of the conductor tracks for electrically
contacting the conductor tracks, wherein the conductor tracks are arranged on a main
body surface of the main body, which main body surface is round in a cross-sectional
plane perpendicular to the longitudinal direction or is formed by a plurality of surface
sections angled in relation to one another, wherein the sliding elements project from a
displacement body surface of the displacement body, which displacement body
surface is round in the cross-sectional plane or is formed by a plurality of surface
sections angled in relation to one another, wherein the contact surfaces of at least
two of the conductor tracks are angled in relation to one another, and

wherein the main body comprises a sheet-like line carrier flexible in at least in
sections, supports the conductor tracks and is held in a bent position by way of being

inserted in bent form into a tube of the main body.

It has been found within the scope of the invention that electrical contacting can be
implemented in a particularly compact manner when the respective contact elements,
that is to say the sliding elements or conductor tracks, are not arranged next to one
another in one plane, but rather when their surfaces are angled in relation to one
another or they are arranged in a manner distributed in a circumferential direction

perpendicular to the longitudinal direction in a gap between the main body and the
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displacement body. As a result, even a slight increase in the diameter of the
connecting device may be sufficient in order to create space for additional conductor

tracks or sliding elements. Therefore,
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whereas a minimum width of the connection, which is made up of the width of the
conductor tracks and the conductor track spacing, results with conventional
contacting with conductor tracks running in parallel, this use of installation space is
reduced within the scope of the invention by way of this area being folded or rolled
up in order to reduce its extent.

The main body preferably has the cavity and the displacement body is partially
accommodated in said cavity. The sliding elements can be of relatively short
construction in the longitudinal direction, so that the result of this may be that the
sliding elements remain within the cavity of the main body in any possible position
between the main body and the displacement body. As a result, electric shock
protection for all current-conducting components can be achieved with particularly
simple means since both the conductor tracks and also the sliding elements
always remain within the cavity. For the same reason, such an arrangement can
also contribute to preventing soiling of the contact areas. As an alternative, it
would also be possible, in principle, for the main body to be accommodated in a
cavity of the displacement body.

The relative displacement of the main body and the displacement body can be
performed manually or by an actuator system, not associated with the connecting
device, for example an actuator system of a machine, which comprises the
electrical connecting device. The linear routing of the displacement body with
respect to the main body can be implemented by the electrical connecting device
itself. Particularly advantageous embodiments of such bearing will be explained in
more detail below. However, it would also be possible, in principle, to achieve the
linear routing of the two components with respect to one another using external
components. The electrical connecting device can serve, in particular, to
electrically contact components that move linearly in relation to one another in a

machine.

The displacement body can be, in particular freely, displaced between two
extreme positions with respect to the main body, wherein the electrical connecting
device can have, in particular, stops or the like in order to limit a displacement
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path. A respective sliding element and a respective conductor track preferably
remain in contact over the entire displacement path between the extreme
positions. In other words, the slide is routed along the conductor track during the
displacement of the displacement body with respect to the main body. The
described electrical connecting device is suitable for transmitting high currents and
also for providing signal lines or the like with small current flows. Here, all pairs
comprising conductor tracks and sliding elements can conduct similar currents.
However, it is also possible for some of the pairs to serve for conducting high
currents, while other pairs form, for example, digital signal lines.

The main body surface or the displacement body surface has the described shape
in particular within each cross-sectional plane within a section in the longitudinal
direction of the electrical connecting device, in which section the conductor tracks
extend or in which section the sliding elements are fitted. A round shape is
understood to mean, in particular, a circular shape, but also an elliptical shape or
the like. In particular, at least three conductor tracks and at least three sliding
elements can be distributed along the respective surface in the circumferential
direction. In particular, even numbers of conductor tracks or sliding elements
which are situated opposite one another can be used.

When forming the main or displacement body surface by a plurality of surface
sections angled in relation to one another, the respective surface may be, in
particular, polygonal. However, it is also possible for the flat sections to be
connected by rounded corners or the like. The surface sections angled in relation
to one another can each have at least one conductor track or at least one sliding
element. Here, in particular, even numbers of conductor tracks or sliding elements
can be used, wherein in each case two of the conductor tracks are arranged on
opposite sides of the main body surface and, in particular, parallel to one another.
However, it may also be advantageous when some of the surface sections angled
in relation to one another do not have a conductor track or a sliding element. This
can serve, for example, to form projections between grooves in which the
conductor tracks are arranged. As a result, firstly robust insulation of the conductor
tracks in relation to one another can be realized. Secondly, corresponding grooves
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can serve to route the sliding elements and therefore to block a relative rotation of
the main body and the displacement body in relation to one another if this is not
achieved by other means in any case.

The sliding elements can be, in particular, elastically prestressed, so that routing
and centering of the displacement body or of the main body within the cavity are
performed at the same time by the contact of the sliding elements with the
respective conductor track. The sliding elements can project from the
displacement body surface in directions angled in relation to one another.

The main body and/or the displacement body can be designed as a rod-like hollow
body or a rod-like solid body. A main or displacement body designed as a rod-like
hollow body can also be called a tubular main or displacement body. In particular,
the body forming the cavity, that is to say preferably the main body, is a hollow
body or is tubular and at least partially incorporates the other body, that is to say
preferably the displacement body, which may be a solid or a hollow body. A
tubular shape of a displacement body accommodated in the cavity may be
advantageous, for example, in order to route connection lines for the sliding
elements in the interior of the displacement body to said displacement body. In
general, the main body and the displacement body can be inserted, in particular,
telescopically one into the other.

The main body can have, for at least one of the conductor tracks, an associated
further conductor track, wherein the respective conductor track and the respective
associated further conductor track are arranged opposite one another on the main
body in the or a cross-sectional plane perpendicular to the longitudinal direction
and are conductively connected to one another. In addition or as an alternative,
the displacement body can have, for at least one of the sliding elements, an
associated further sliding element, wherein the respective sliding element and the
respective associated further sliding element are arranged opposite one another
on the displacement body in the cross-sectional plane and are conductively
connected to one another. This can serve, in particular, to provide a redundant
contact pair by a respective pair of a conductor track and a further conductor track
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or a sliding element and a further sliding element, which redundant contact pair
conducts the same signal or carries out common current conductance.

Although a movement of the displacement body with respect to the main body
perpendicularly to the longitudinal direction in this case leads, under certain
circumstances, to poorer contact between the conductor track and the sliding
element, the further conductor track and the further sliding element are moved
more strongly one onto the other, as a result of which the poorer contact between
the conductor track and the sliding element can be at least largely compensated
for. This applies conversely for the opposite movement direction. Therefore, since
fluctuations in the contact quality are largely compensated for by a movement of
the main body and the displacement body perpendicularly to the longitudinal
direction, relatively weak clamping forces can be used for contacting the sliding
element and the conductor track or the further sliding element and the further
conductor track, as a result of which a low level of wear also results for the
corresponding contacts.

When the longitudinal section of the displacement body is accommodated in the
cavity of the main body, the sliding elements can preferably be conductively
connected to connection lines. The connection lines can be routed at least in
sections through an inner cavity of the displacement body. As explained above,
the displacement body can be, in particular, tubular here and the connection lines
can be routed through the interior of the tube. In particular, the connection lines
can be routed in the interior of the cavity as far as an open end of the
displacement body, in order to there encircle the end side of the displacement
body and to contact the sliding elements, in particular arranged close to the end
side. As an alternative, it would also be possible, for example, for the wall of the
sliding element to have apertures through which the connection lines are routed in
order to contact the sliding elements or through which the sliding elements are
routed in order to contact the connection lines.
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As an alternative, the connection lines can be routed outside the cavity. As an
alternative, the displacement body may be a solid body, that is to say in particular
not have a cavity.

The main body can comprise a sheet-like line carrier that can be bent in a flexible
manner at least in sections, supports the conductor tracks and is held in a bent
position by way of being inserted in bent form into a tube of the main body and/or
by way of two edges of the line carrier being fastened to one another. For
example, the contact means carrier used may be a so-called rigid flex printed
circuit board which comprises rigid and flexible sections which, in particular in the
finished electrical connecting device, alternate in the circumferential direction of
the main body. The rigid sections can have, for example, conductor tracks or else
projections arranged between them. By way of using flexible sections, the rigid
sections can be moved into a position at an angle in relation to one another. By
way of connecting the edges of the line carrier, an inherently stable main body can
be formed in this case, so that an outer tube is not absolutely necessary for
stabilization purposes. However, an outer tube may nevertheless be used in order
to further increase the robustness of the electrical connecting device. As an
alternative, the conductor tracks could be fitted, for example, on a film or foil, e.g. a
semiflex printed circuit board film or foil, as a result of which an inherently stable
main body typically does not result solely by bending the film or foil. Therefore, the
bent film or foil can be inserted into a tube in order to retain the shape once it has
been prespecified.

The line carrier can be a printed circuit board or film or foil on which the conductor
tracks are directly applied. Here, the conductor tracks can be, for example, printed
on or produced by etching. As an alternative, the line carrier can also support
separately produced conductor tracks, for example thin metal sheets, which can
be, for example, adhesively bonded or held in a positive or non-positive manner.

The line carrier can have an electromagnetic radiation-shielding sheathing, which
is formed in particular by the tube, and/or an electromagnetic radiation-shielding
coating. The sheathing or coating can be, in particular, conductive. The sheathing
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or coating can preferably be conductively connected to a reference potential
during operation of the connecting device. Owing to the sheathing or coating, the
electromagnetic compatibility (EMC) of the connecting device can be improved or
signals routed by this connecting device can be shielded against interference. This
function can be fulfilled, e.g., by the tube, in particular when it is formed from
conductive material. However, e.g., a copper coating, a sheathing by ferrite foil or

the like can also be used.

In general, the line carrier and/or the conductor tracks can each be flexible,
semiflexible or rigid.

The conductor track and/or the line carrier can be clamped by an elastically
deformed tolerance compensation element at least on one side in the longitudinal
direction. For example, a seal or another elastically deformable element can to be
clamped between a screw screwed into the tube at the end side and the conductor
tracks or the line carrier. On the other side in the longitudinal direction, the
conductor tracks or the line carrier can be clamped, for example, by a bearing for
longitudinal routing, a sealing ring or another elastically deformed tolerance
compensation element. Clamping by at least one tolerance compensation element
can compensate for slight differences in length of the individual conductor tracks
or tolerances in the production of the line carrier with a low level of expenditure, in
particular when, as explained above, used in conjunction with a screw.

A sealing means, in particular a sealing ring, can be arranged between the main
body and the displacement body. This sealing means can serve firstly to protect
the cavity, and therefore the region in which the electrical contacts are situated,
against foreign bodies, dust, splashes etc. Sealing measures of varying complexity
can be taken here depending on the class of protection desired. Since the body
that forms the cavity, that is to say in particular the main body, can be sealed off in
a leaktight manner without problems on all sides apart from the side on which the
displacement body or the main body projects beyond the cavity, even relatively
simple sealing off, for example using a sealing ring, may be sufficient in order to
achieve a desired class of protection. A seal, in particular a sealing ring, can serve
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as a linear guide at the same time, so that, for example, the routing of the
displacement body with respect to the main body can already be realized jointly by
such sealing at one end of the body that forms the cavity, that is to say in
particular of the main body, and the support of the displacement body on the main
body by the sliding elements.

The respective sliding element can be a bending spring, in particular a leaf spring.
In particular, a pre-bent bending spring, which bears against the conductor track
by way of a spring bow, can be used. As a result, a lower degree of wear of the
conductor track can be achieved than in the case of the end of the spring resting
on it. One end of the bending spring can be fastened to the displacement body
and the other end can be pressed onto the surface of the displacement body or
routed in a recess of the displacement body by the tension of the bending spring
between the main body and the displacement body. Therefore, in particular, one of
the ends of the bending spring can be displaceable in the longitudinal direction
with respect to the displacement body when the force exerted by the main body
onto the bending spring varies. The sliding element or, in particular, the bending
spring can be fastened to the displacement body by adhesive bonding, soldering,
welding, latching or the like.

The sliding element or a contact section or contact point of the respective sliding
element by way of which the respective contact element contacts the respective
conductor track can be matched in terms of its mechanical and/or electrical
properties to the specific application of the connecting device. For example,
different current intensities and/or frequencies can be transmitted for different
connecting devices or an expected frequency, a typical length and/or a typical
speed of the displacement of the displacement body with respect to the main body
can vary. Accordingly, e.g., the size and/or the shape of a contact area between
the sliding element and the conductor track, a spring hardness of a sliding element
designed as a spring, a surface material etc. can be varied in order to adjust to a
specified application.
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The main body can form, for at least one pair of adjacent conductor tracks, a
projection which extends between the conductor tracks in the longitudinal
direction. As a result, robust insulation of the conductor tracks or the sliding
elements in relation to one another can be realized. At the same time,
corresponding projections can serve to route the sliding elements, so that, in
particular, rotation of the displacement body in relation to the main body about an
axis running in the longitudinal direction can be blocked by the interaction of the
projections and the sliding elements.

In each case at least one ground conductor track can be arranged in the
circumferential direction between at least one of the conductor tracks and a
respective further one of the conductor tracks and extends parallel to the
respective conductor track in the longitudinal direction of the main body. The
ground conductor track or the ground conductor tracks can be connected to a
defined reference potential, e.g. to the ground potential, during operation of the
connecting device. In other words, an apparatus comprising the connecting device
can be designed in such a way that the reference potential is applied to the at
least one ground conductor track during operation of the apparatus.

On account of a ground conductor track being routed on one side or preferably on
both sides of at least one of the conductor tracks, a pseudo coaxial line is
produced, in the case of which interfering influences act substantially equally on a
signal line, that is to say the conductor track, and a ground connection, that is to
say the ground conductor track. This reduces an influence of such interfering
influences, without symmetrical signal conductance being required.

Conductor tracks and ground conductor tracks can be arranged e.g. alternately in
the circumferential direction of the main body. The ground conductor tracks do not
necessarily have to be contacted by the displacement body. The ground conductor
tracks can be short-circuited with respect to one another within the connecting
device or by means of an apparatus comprising said connecting device since said
ground conductor tracks are intended to be connected to a common reference
potential.
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The main body can comprise a respective termination resistor for at least one of
the conductor tracks and/or the displacement body can comprise a respective
termination resistor for at least one of the sliding elements. The respective
termination resistor can couple the respective conductor track or the respective
sliding element in the region of a respective free end to a reference potential, e.g.
a ground potential. The free end can be considered to be that section which,
starting from a main body-side or displacement body-side connection of the
connecting device for contacting an external device, is situated on the other side of
the contact point between the sliding element and the conductor track. If an
alternating voltage signal is applied to the conductor track or the sliding element,
said alternating voltage signal is conducted by the respective conductor track or
the respective sliding element beyond the contact point in the direction of the
respective free end and reflected there. This reflection can be at least largely
suppressed by using a suitable termination resistor. The use of termination
resistors at free ends of signal lines is known in principle from the prior art and
therefore does not need to be explained in detail. The termination resistor can be a
non-reactive resistor or else a complex resistor which is formed for example by an
LC element.

Further advantages and details of the invention can be gathered from the following
exemplary embodiments and the associated drawings, in which:

Fig. 1 schematically shows an exemplary embodiment of an electrical
connecting device according to the invention,

Fig. 2 schematically shows a sectioned view of the connecting device shown
in Fig. 1 along line lI-Il,

Fig. 3 schematically shows a sectioned view of the connecting device shown
in Fig. 1 along line HiI-1ll, and
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Fig. 4 schematically shows a line carrier used in the connecting device according
to Fig. 1 before shaping and insertion of said line carrier into a tube for
forming the main body.

Fig. 1 shows an electrical connecting device 1 having a main body 2 and a
displacement body 3 which are mounted such that they can move in a longitudinal
direction, specifically transversely in Fig. 1, in relation to one another. Fig. 2 shows a
section through the connecting device 1 along line ll-ll and Fig. 3 shows such a
section along line llI-1ll. As shown in Figs. 2 and 3, the main body 2 has a cavity 4 in
which a longitudinal section 5 of the displacement body 3 is accommodated. The
length of the longitudinal section 5 and therefore the entire extent of the connecting
device in the longitudinal direction is variable by a relative movement of the main
body 2 and the displacement body 3.

The main body 2 supports a plurality of, in the example ten, conductor tracks 6 which
extend in the longitudinal direction. The contact surface 7 of the respective conductor
tracks 6 is contacted by a respective sliding element 8, in the example a leaf spring.
As shown in Fig. 2, the leaf spring in the example is fastened at one end 9 to the
displacement body 3 and additionally contacts a respective connection line 10 which
is routed in an inner cavity 24 of the displacement body 3. The other end 27 of the
leaf spring is substantially freely movabile in the longitudinal direction in order to
compensate for a deformation of the leaf spring due to an exertion of force by the
contact surface 7.

On the part of the main body 2, the conductor tracks 6 and, on the part of the
displacement body 3, the sliding elements 8 or the connection lines 10 contacting
them can be contacted by contact means, not illustrated, of the electrical connecting
device 1. As a result, an electrical connection with a variable length for a large
number of different signals or power lines can be realized with a low level of technical

expenditure.
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In order to achieve a compact construction of the electrical connecting device 1 in

spite of the relatively large number of separate contacts, conductor tracks 6 are
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13

used, the contact areas 7 of which, as clearly shown in particular in Fig. 3, are
angled in relation to one another. Accordingly, the sliding elements 8 project from
the displacement body surface 11 of the displacement body 3 in different
directions.

In the example, the displacement body surface 11 is circular. However, the main
body surface 12, which supports the conductor tracks 6, is formed from a large
number of surface sections 13 angled in relation to one another. Ten of the
surface sections 13 each support one of the conductor tracks 6. The remaining
surface sections form projections 14 which firstly serve to ensure robust insulation
between the various conductor tracks 6 or sliding elements 8. Secondly, these
projections 14 can contribute to blocking a relative rotation of the displacement
body 3 and the main body 2 when this is not realized by other means, for example
by linear routing of the components coupled by means of the connecting device 1
in a machine, in any case.

In principle, ten separate signals or currents could be transmitted with the
refinement of the connecting device 1 illustrated in the example. In an
advantageous refinement of the connecting device, the respective opposite
conductor tracks 6 or sliding elements 8, as is schematically illustrated by the
arrow 15 for such a pair in Fig. 3, are conductively connected to one another. As a
result, fluctuating contact qualities in the event of a relative movement of the main
body 2 and the displacement body 3 perpendicular to the longitudinal direction can
be largely compensated for.

If, for example, the displacement body 3 is moved somewhat upward in Fig. 3,
somewhat poorer contact of the bottommost sliding element 8 with the bottommost
conductor track 6 results since the sliding element 8 is pressed onto the conductor
track 6 with a smaller force. However, at the same time, the topmost one of the
sliding elements 8 is more strongly compressed owing to this movement and
therefore presses onto the contact surface 7 of the topmost conductor track 6 with
a higher contact pressure. Since the topmost conductor track 6 and the
bottommost conductor track 6 are situated opposite one another and are
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conductively connected to one another and the same applies to the corresponding
sliding elements 8, the potential impairment of one of the contacts is therefore at
least largely compensated for by an improvement in the other of the contacts. On
account of the relatively large number of conductor tracks 6 and sliding elements 8
used, five independent signals or currents can nevertheless still be transmitted.

In addition, on account of the described arrangement of the conductor tracks 6 and
sliding elements 8, the respective number can be readily increased, without a
considerable increase in installation space being required. For example, sixteen
conductor tracks and sliding elements can be used in order to form eight
independent signal lines, for example for a Gigabit Ethernet connection. It would
also be possible, for example, to use forty or more conductor tracks and sliding
elements.

In the example shown, the main body 2 is formed by way of a line carrier 17 that
can be bent in a flexible manner at least in sections being inserted into a tube 16.
As is illustrated in Fig. 4, the line carrier 17 can initially be produced as a flat line
carrier 17. The conductor tracks 6 can be fastened, for example adhesively
bonded, to said line carrier as separate components or can be produced, for
example, by printed circuit board etching or printing directly onto the line carrier
17. The line carrier 17 can be bent in sections and can be stiff in sections in
particular in the transverse direction in Fig. 4. This can be achieved, for example,
by way of the line carrier 17 being thinly milled in sections from the rear side 18 in
order to achieve a degree of bendability. The line carrier 17 can then be bent, in
particular in such a way that its edges 19 touch, and inserted into the tube 16. As a
result, the conductor tracks 6 distributed in the circumferential direction can be
produced on the inner side of the main body 2 with a low level of technical

expenditure.

If the line carrier 17 is sufficiently stiff, the use of the tube 16 can also be
dispensed with under certain circumstances, for example when the edges 19 of
the line carrier 17 are adhesively bonded to one another or connected in some
other way. Secondly, it would also be possible to use, instead of a line carrier 17
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that is stiff in sections, an entirely flexible line carrier or a conductive foil which can
be adhesively bonded, for example, to the inner side of the tube 16.

In the example, as shown in Fig. 2, the line carrier 17 or the conductor tracks 6 are
fixedly clamped in the tube 16 by the sliding bearing 20 and the screw 22. For
example, during the production of the connecting device, the sliding bearing 20
can first be inserted, then the line carrier 17 can be inserted into the tube 16 and
the tube can then be closed by the screw 22. In order to compensate for length
tolerances of the line carrier 17 or of the conductor tracks 6, an elastically
deformed tolerance compensation element 21, for example a seal 25, is clamped
between the screw 22 and the line carrier 17 in the example.

Owing to the arrangement of the sliding elements 8 and the conductor tracks 6
within the cavity 4, they are largely protected against contaminants. This is the
case in particular since the tube 16 is closed off on one side by the screw 22 with
the seal 25 arranged thereon, as a result of which a high degree of sealing is
typically achieved on this side in any case. On the opposite side, the use of the
sliding bearing 20 already leads to sealing off from relatively large particles and
extensive sealing off from dust.

If stronger sealing is desired, an additional sealing means 23 can be applied to the
inner and/or outer side of the sliding bearing 20 for example. A further apparatus,
for example a linearly moving component, can be coupled to the displacement
body by means of the sealing rings 26, illustrated only by way of example, wherein
owing to the use of the sealing rings 26 firstly an action of forces that do not act in
the longitudinal direction can be damped and secondly the electrical contacting of
the further apparatus can be sealed off from environmental influences too.
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Patent Claims

1.  Electrical connecting device having a main body and a displacement body which
are mounted in a linearly movable manner in relation to one another in a
longitudinal direction, wherein the main body has a cavity in which a longitudinal
section of the displacement body is accommodated or vice versa, wherein the
length of the longitudinal section accommodated in the cavity is variable by a
relative movement of the main body and the displacement body in the
longitudinal direction, wherein the main body has a plurality of conductor tracks
extending in the longitudinal direction and insulated from one another and the
displacement body has a plurality of sliding elements insulated from one another
and resting on a contact surface of a respective one of the conductor tracks for
electrically contacting the conductor tracks,

- wherein the conductor tracks are arranged on a main body surface of the
main body, which main body surface is round in a cross-sectional plane
perpendicular to the longitudinal direction or is formed by a plurality of surface
sections angled in relation to one another,

- wherein the sliding elements project from a displacement body surface of the
displacement body, which displacement body surface is round in the cross-
sectional plane or is formed by a plurality of surface sections angled in
relation to one another,

- wherein the contact surfaces of at least two of the conductor tracks are

angled in relation to one another, and
wherein the main body comprises a sheet-like line carrier flexible in at least in
sections, supports the conductor tracks and is held in a bent position by way of

being inserted in bent form into a tube of the main body.
2. Electrical connecting device according to claim 1, wherein the main body and

the displacement body are each designed as a rod-like hollow body or a rod-like
solid body.
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Electrical connecting device according to claim 1 or 2, wherein the main body
has, for at least one of the conductor tracks, an associated further conductor
track, wherein the respective conductor track and the respective associated
further conductor track are arranged opposite one another on the main body in
the cross-sectional plane perpendicular to the longitudinal direction and are
conductively connected to one another, wherein the displacement body has, for
at least one of the sliding elements, an associated further sliding element,
wherein the respective sliding element and the respective associated further
sliding element are arranged opposite one another on the displacement body in

the cross-sectional plane and are conductively connected to one another.

Electrical connecting device according to any one of claims 1 to 3, wherein the
longitudinal section of the displacement body is accommodated in the cavity of
the main body, wherein the sliding elements are conductively connected to
connection lines, wherein firstly the connection lines are routed at least in
sections through an inner cavity of the displacement body or outside the cavity

or wherein secondly the displacement body is a solid body.

Electrical connecting device according to any one of claims 1 to 4, wherein the
line carrier has an electromagnetic radiation-shielding sheathing, which is

formed by the tube, or an electromagnetic radiation-shielding coating.

Electrical connecting device according to any one of claims 1 to 5, wherein the
conductor tracks and the line carrier are clamped by an elastically deformed
tolerance compensation element at least on one side in the longitudinal

direction.

Electrical connecting device according to any one of claims 1 to 6, wherein a

sealing means is arranged between the main body and the displacement body.
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Electrical connecting device according to any one of claims 1 to 7, wherein the

respective sliding element is a bending spring.

Electrical connecting device according to claim 8, wherein the bending spring
comprises a leaf spring.

Electrical connecting device according to any one of claims 1 to 9, wherein the
main body forms, for at least one pair of adjacent conductor tracks, a projection
which extends between the conductor tracks in the longitudinal direction.

Electrical connecting device according to any one of claims 1 to 10, wherein in
each case at least one ground conductor track is arranged in the circumferential
direction between at least one of the conductor tracks and a respective further
one of the conductor tracks and extends parallel to the respective conductor

track in the longitudinal direction of the main body.

Electrical connecting device according to any one of claims 1 to 11, wherein the
main body comprises a respective termination resistor for at least one of the
conductor tracks, or the displacement body comprises a respective termination

resistor for at least one of the sliding elements.

Date Rec¢ue/Date Received 2023-11-14



112

FIG. 1
22 111 ) 1 20 %
‘II — L / a b 11‘
e -l
I
1
FIG. 2
22 2125 61
. /// Ly m/s%
e iﬁ’ A/ a
10+ | | /i
ey T 8 ©
| Y
L J

Date Regue/Date Received 2023-02-06



FIG. 3

14

24
11

2/2

6
8 2
- |
, |71 19
R
15
1 17
L 1
6 17

Ne [ Qe N\ezaR\eenNezaR\ezal e

IR\I
N N

19

Date Regue/Date Received 2023-02-06



2 2125 ,2/

7

\; l\/\/ 'l'

ﬁb///

7
10—

VA s ya
" L "
2 > >




	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - CLAIMS
	Page 22 - CLAIMS
	Page 23 - CLAIMS
	Page 24 - DRAWINGS
	Page 25 - DRAWINGS
	Page 26 - REPRESENTATIVE_DRAWING

