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(54) ELECTRICAL CABLE AND MOTOR VEHICLE WITH SUCH A CABLE

(67)  The invention relates to an electrical cable (8)
and to a motor vehicle with such a cable (8). The cable
(8) comprises a solid electrical round conductor (2) and
a connecting element (10) connected thereto, which has
a connecting section (16) for electrical connection to an

FIG 2

electrical component (6), wherein the connecting ele-
ment (10) further has a shell-shaped section (12) and
wherein a round end part (8) of the round conductor (2)
is welded to the shell-shaped section (12) of the connect-
ing element (10).
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Description

[0001] The invention relates to an electrical cable with
a solid round electrical conductor to which a connecting
element is contacted. The invention further relates to a
motor vehicle with such an electrical cable.

[0002] In the automotive sector, solid round conduc-
tors are often used as so-called "bus-bars", on which a
connecting element is arranged. Such connecting ele-
ments are also called terminals and are used for the elec-
trical connection of the conductor to an electrical com-
ponent. To connect the round conductor to the terminal,
it is regularly provided that the round conductor is flat-
tened and fastened to the terminal with the flattened end
part.

[0003] Such an arrangement, in which a round con-
ductor with a flattened end part is attached to a terminal,
can be taken from DE 10 2010 005 841 B4, for example.
The terminal has a shell-shaped section in which the
round conductor, which may be insulated, is accommo-
dated. The terminal also has a flat section adjoining the
shell-shaped section, on which the flattened end part of
the round conductor is electrically contacted. In the area
of the shell-shaped section, a fastening device is provid-
ed for fastening of the round conductor. The fastening
device is intended to provide a reliable, vibration-proof
fastening of the round conductor to the terminal and the
flattened end part is held in a defined position in relation
to the flattened section of the terminal in order to form a
reliable electrical contact.

[0004] CN 115411538 A shows a terminal with a shell-
shaped receptacle in which a conductor is inserted which
is flattened on one side. This flattened side interacts with
a welding head to produce a welded joint.

[0005] Itis the task of the invention to provide an elec-
trical cable with a solid round electrical conductor and a
connecting element connected thereto, which is easy to
manufacture.

[0006] According to the invention, a solid electrical
round conductor is provided for this purpose, on which a
connecting element is electrically contacted, the latter
having a connecting section and a shell-shaped section
with a curvature corresponding to the round conductor.
A round end part of the round conductor is welded, es-
pecially ultrasonic welded, to the shell-shaped section of
the connecting element. The round end part lies in the
cavity formed by the shell-shaped section. The shell-
shaped section has a concavely curved, in particular par-
tially cylindrical, inner surface on its inner side, on which
the end part rests. Preferably, the shell-shaped section
is formed by a partial cylinder and has preferably a con-
stant wall thickness.

[0007] Itis emphasised that the round conductor is not
flattened, especially in its end part. The end part of the
round conductor, which has a circular cross-section,
therefore lies directly in the shell-shaped section of the
connecting element and is welded to it there.

[0008] This design is based on the consideration that,
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on the one hand, the flattening of an end part of the round
conductor is associated with an additional manufacturing
effort, which is therefore not necessary and also not pro-
vided for in the design according to the invention.
[0009] Furthermore, this design is based on the con-
sideration that flattened end parts usually require addi-
tional installation space and are therefore disadvanta-
geous in confined installation spaces, A compact design
is therefore achieved with the design according to the
invention.

[0010] Finally, such flattened end parts are potential
points of failure.

[0011] Allin all, the design according to the invention
achieves a simple-to-produce and compact electricaland
mechanical connection between a solid round conductor
and a connecting element, which requires only little in-
stallation space and is also less susceptible to faults.
[0012] The round conductor is in particular a round
conductor with an insulation sheath, the round end part
of which is stripped. Alternatively, it can also be a bare
round conductor. The round conductor generally has a
circular cross-section over its entire length, preferably
with a constant diameter over the entire length.

[0013] Solid round conductoris understood to be a sol-
id wire or rod made of solid material.

[0014] The connecting sectionis arranged in particular
opposite the shell-shaped section and is designed for an
electrical connection to an electrical component. The
connecting element is connected to the electrical com-
ponent with this connecting section in the assembled
state. The connecting section is designed, for example,
for screw contact with a corresponding connection pole
or also for a direct welded connection.

[0015] Preferably, aflexible intermediate section is ar-
ranged between the shell-shaped section and the con-
necting section, which is designed to enable length com-
pensation. The flexible and in particular elastic interme-
diate section can therefore compensate for changes in
length. This is based on the consideration that the solid
round conductor has a high inherent rigidity and, for ex-
ample, thermally induced changes in length can lead to
a high mechanical load on a connection point between
the connecting element and an electrical component con-
nected to it. The flexible intermediate section therefore
enables and compensates for a change in length directly
through the connecting element itself.

[0016] Preferably, the intermediate section is undulat-
ed or corrugated so that a desired length compensation
can be achieved by compressing or stretching the undu-
lated intermediate section. In particular, the intermediate
section is formed by a bent, especially by a multiple bent
flat metal strip.

[0017] In a preferred embodiment the connecting ele-
ment has a multilayer structure consisting of a plurality
ofindividual layers. Preferably each layer is a metal layer.
[0018] Preferably, the layers are not connected to each
other at least in the intermediate section, especially in
the bended sections. Therefore, the individual layers may
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slide to some extend relative to each other. Due to this
the (bending)flexibility of the intermediate sectionis high.
[0019] Preferably, the individual layers are connected,
especially welded to each other only in the end sections
of the connection element, that means in the shell-
shaped section and in the connecting section.

[0020] Preferably, the connecting section is formed as
a flat metal strip. This allows easy electrical contact with
the electrical component, especially in the case of a weld-
ed connection.

[0021] Preferably, the connecting element is attached
with the connecting section to the electrical component
by welding. Especially in such an arrangement, the flex-
ible intermediate section is of particular importance in
order to minimise the load on the two welding positions,
once towards the round conductor and once towards the
electrical component.

[0022] The electrical componentis in particular a plug
which has a connection piece. The connecting section is
attached to the connection piece, in particular by welding.
The connection piece of the plug is in particular a flat, in
particular strip-shaped metal part on which the preferably
also flat connecting section of the connecting element
rests. In particular, the connection piece protrudes from
a housing of the plug. A pre-assembled cable is therefore
provided, which can be connected to a further electrical
component by a simple plug-in connection. The further
electrical component is, for example, an electrical con-
sumer, such as an electric motor, an inverter etc.
[0023] Preferably, the connecting element is both elec-
trically contacted and mechanically connected to the
round conductor exclusively by welding. Therefore, no
additional measures are provided, for example for me-
chanical fastening. The effort for establishing the contact
connection between the round conductor and the con-
necting element is therefore low.

[0024] The round conductor is in particular an inher-
ently rigid round metal conductor with a diameter of at
least 10 mm and preferably of at least 20 mm.

[0025] In a preferred embodiment, the line only ex-
tends in a straight line and has no bends.

[0026] In generalthe round conductor and the connec-
tion element are made of metal. Preferably, the round
conductoris an aluminiumround conductor. Itis therefore
made of aluminium or an aluminium alloy typically with
an aluminium content of more than 90 %.

[0027] In contrast, the connecting element is prefera-
bly made of copper or a copper alloy.

[0028] Preferably a connecting element is attached to
each of the round end parts of the round conductor, as
described above.

[0029] The line is preferably mounted in a motor vehi-
cle when assembled.

[0030] The round conductor is used in particular as a
so-called busbar, especially in a motor vehicle electrical
system. The cable preferably forms a main supply line
and thus a so-called backbone or is part of such a back-
bone. Such a backbone typically connects a front vehicle
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part with a rear vehicle part for power supply. The round
conductor, and thus also the cable, typically has a length
of at least 0,5 m and preferably of at least 1 m or also of
at least 1.5 m.

[0031] In particular, the cable is a single-core cable
with only one solid round conductor.

[0032] The pre-assembled cable is preferably formed
by the round conductor with the connecting element con-
nected at least at one end. Preferably, connecting ele-
ments are attached on both sides.

[0033] Preferably, the pre-assembled cable has addi-
tionally at one end and in particular at both ends an elec-
trical component, in particular a plug, which is connected
to the respective connecting element.

[0034] An embodiment of the invention is explained in
more detail below with reference to the figures. These
show:
FIG1 a side view of a pre-assembled cable with a
solid round conductor, to the two opposite ends
of which a plug is connected by means of a
connecting element,

an enlarged view of the left end region of the
pre-assembled cable according to FIG 1.

FIG 2

[0035] A pre-assembled electrical cable 8 according
to FIG 1 and FIG 2 has, in the embodiment shown, a
solid round conductor 2 which is surrounded by an insu-
lation sheath 4. A plug 6 is attached to each end of the
round conductor 2 as an electrical component. The round
conductor 2 has a blank end part 9 at each of its two
opposite ends, which has a round cross-section. The
cross-section of the round conductor 2 is preferably con-
stant over its entire length. The round conductor 2 is
therefore undeformed at the end parts 9.

[0036] The round conductor 2 and thus also the pre-
assembled cable 8 extend generally in longitudinal direc-
tion L from the right end to the left end.

[0037] The connection between the round conductor
2 and the respective plug 6 is made via a connecting
element 10, which, viewed in the longitudinal direction L,
first has a shell-shaped section 12, followed by a flexible
intermediate section 14 and then a connecting section
16.

[0038] The connecting element 10is in particular a me-
tallic one-piece element and in one embodiment a mon-
olithic component. In a preferred embodiment the con-
necting element 10 is a (flexible) multilayer construction
with a plurality (>3, especially >5) of thin metal layers 17,
The layers 17 are only illustrated in a very simplified way
in FIG 2 and only in the intermediate section 14.The lay-
ers 17 are welded together especially (only) at the end
sides. Therefore, in a preferred embodiment, in the in-
termediate section 14 the layers 17 are not fixed to each
other, for example they are not welded together. There-
fore, the individual layers 17 can slide to some extent
relative to each other. Due to this the flexibility of the
intermediate section 14 is high
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[0039] The connecting element 10 is therefore in par-
ticular a metal bent part, which is preferably produced by
forming from a flat metal strip. This generally has two
opposite flat sides which are connected to each other via
two opposite narrow sides.

[0040] To form the shell-shaped section 12, one end
of the flat metal strip is preferably bent around a bending
axis oriented parallel to the longitudinal direction L.
[0041] The shell-shaped section 12 extends in the cir-
cumferential direction, for example, over an angular
range of less than 180° and in particular also of less than
120° or less than 90°. For example, the shell-shaped sec-
tion 12 extends over an angular range of 30° to 60°. The
shell-shaped section 12 preferably has a radius of cur-
vature which is adapted to the radius of the round con-
ductor 2, so that the outer side of the round conductor 2,
which is freed from the insulation sheath 4, lies with its
cylindrical surface on an inner side of the shell-shaped
section 12. This inner side forms a partially cylindrical
surface. In particular, the radius of curvature corresponds
to the radius of the round conductor 2.

[0042] The shell-shaped section 12 extends in the lon-
gitudinal direction L over a comparatively short length,
which in the embodiment example is for example shorter
than a diameter of the round conductor 2.

[0043] The curved, shell-shaped section 12 mergesin-
to the intermediate section 14, which is formed by a sec-
tion of the flat metal strip, wherein said section is bent.
The intermediate section 14, and thus the metal strip, are
formed as a whole in a curved shape and therefore are
undulated. The intermediate section 14 has at least one
arc section 18 and preferably a plurality of arc sections
18. In particular, two or three arc sections are formed.
The intermediate section 14 is flexible in the longitudinal
direction and is specifically elastic. The flexible interme-
diate section 14 can therefore be compressed or
stretched and thus serves to compensate for length. A
respective arc section 18 is bent around a bending axis
which is oriented perpendicular to the longitudinal direc-
tion L and parallel to the flat sides of the flat metal strip.
[0044] The intermediate section 14 finally merges into
the connecting section 16, which extends in particular in
a straight line and in particular in the longitudinal direction
L,

[0045] The connecting section 16 is electrically and
mechanically connected to a respective plug 6 via a weld-
ed connection. For this purpose, a respective plug 6 pref-
erably has a connection piece 20, which in turn is de-
signed in particular as a flat metal strip.

[0046] The respective plug 6 generally has an insulat-
ing housing in which a contact terminal not shown in more
detail here is arranged, for example a socket or a plug
pin, this contact terminal being electrically contacted on
the connection piece 20. The connection piece 20 emerg-
es from the housing and is connected to the connecting
element 10 at its emerging part.

[0047] For electrical contacting as well as for mechan-
ical fastening between the round conductor 2 and the

10

15

20

25

30

35

40

45

50

55

shell-shaped section 12, the blank, round end part 9 is
inserted into the shell-shaped section 12 and joined to it
by welding.

[0048] Due totheelectricaland mechanical connection
of the undeformed circular end part 9, the particular ad-
vantage is achieved that additional machining and treat-
ment of the end part 9, in particular flattening, is not nec-
essary and is not carried out.

[0049] The round conductor 2 described here with the
connecting element 10 connected to it is preferably used
in the installed state in a motor vehicle and there specif-
ically as a so-called bus bar or in particular at least as
part of a so-called backbone supply cable. In particular,
the round conductor 2 and in particular also the entire
cable 8 is part of a direct current supply during operation.

List of reference signs
[0050]

2 Round conductor

4 Insulation sheath

6 Plug

8 Cable

9 End part

10  Connecting element
12  shell-shaped section
14  Flexible intermediate section
16 Connecting section
17  Layers

18  Arc section

20  Connection piece

L  longitudinal direction

Claims

1. Electrical cable (8), in particular for a motor vehicle,
having a solid electrical round conductor (2) and a
connecting element (10) which is connected to the
round conductor (2) and which has a connecting sec-
tion (16) for electrical connection to an electrical
component (6), characterized in that the connect-
ing element (10) furthermore has a shell-shaped sec-
tion (12), wherein a round end part (9) of the round
conductor (2) is welded to the shell-shaped section
(12) of the connecting element (10).

2. Electrical cable (8) according to the preceding claim,
characterised in that a flexible intermediate section
(14) for length compensation is arranged between
the shell-shaped section (12) and the connecting
section (16).

3. Electrical cable (8) according to the preceding claim,
characterised in that the flexible intermediate por-
tion (14) is undulated.
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Electrical cable (8) according to one of the preceding
claims, characterised in that the connecting ele-
ment (10) has a multilayer structure with a plurality
of layers.

Electrical cable (8) according to the preceding claim,
characterised in that the layers are notfixed to each
other within the intermediate section (14).

Electrical cable (8) according to one of the preceding
claims, characterised in that the connecting sec-
tion (16) is formed as at least a flat metal strip.

Electrical cable (8) according to any one of the pre-
ceding claims, characterised in that the connecting
element (10) is fixed with the connecting section (16)
to the electrical component (6) by welding.

Electrical cable (8) according to one of the preceding
claims, characterised in that the connecting sec-
tion (16) is welded to a connection part (20) of a plug

).

Electrical cable (8) according to one of the preceding
claims, characterised in that the connecting ele-
ment (10) is both electrically contacted and mechan-
ically connected to the round conductor (2) exclu-
sively by welding.

Electrical cable (8) according to one of the preceding
claims, characterised in that the round conductor
(2) is an inherently rigid round conductor (2) with a
diameter of at least 10 mm and preferably of at least
20 mm.

Electrical cable (8) according to one of the preceding
claims, characterised in that the round conductor
(2) is an Aluminium conductor.

Electrical cable (8) according to one of the preceding
claims, characterised in that connecting elements
(10) are attached to round end parts (9) on both sides
of the round conductor (2).

Motor vehicle with an electrical cable (8) according
to one of the preceding claims.

Amended claims in accordance with Rule 137(2)
EPC.

Electrical cable (8), in particular for a motor vehicle,
having a solid electrical round conductor (2) and a
connecting element (10) which is connected to the
round conductor (2) and which has a connecting sec-
tion (16) for electrical connection to an electrical
component (6), characterized in that the connect-
ing element (10) furthermore has a shell-shaped sec-
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10.

1.

tion (12), wherein a round end part (9) of the round
conductor (2) is welded to the shell-shaped section
(12) of the connecting element (10), characterised
in that the connecting element (10) has a multilayer
structure with a plurality of layers, wherein the layers
are not fixed to each other within the intermediate
section (14).

Electrical cable (8) according to the preceding claim,
characterised in that a flexible intermediate section
(14) for length compensation is arranged between
the shell-shaped section (12) and the connecting
section (16).

Electrical cable (8) according to the preceding claim,
characterised in that the flexible intermediate por-
tion (14) is undulated.

Electrical cable (8) according to one of the preceding
claims, characterised in that the connecting sec-
tion (16) is formed as at least a flat metal strip.

Electrical cable (8) according to any one of the pre-
ceding claims, characterised in that the connecting
element (10) is fixed with the connecting section (16)
to the electrical component (6) by welding.

Electrical cable (8) according to one of the preceding
claims, characterised in that the connecting sec-
tion (16) is welded to a connection part (20) of a plug

(6).

Electrical cable (8) according to one of the preceding
claims, characterised in that the connecting ele-
ment (10) is both electrically contacted and mechan-
ically connected to the round conductor (2) exclu-
sively by welding.

Electrical cable (8) according to one of the preceding
claims, characterised in that the round conductor
(2) is an inherently rigid round conductor (2) with a
diameter of at least 10 mm and preferably of at least
20 mm.

Electrical cable (8) according to one of the preceding
claims, characterised in that the round conductor
(2) is an Aluminium conductor.

Electrical cable (8) according to one of the preceding
claims, characterised in that connecting elements
(10) are attached to round end parts (9) on both sides
of the round conductor (2).

Motor vehicle with an electrical cable (8) according
to one of the preceding claims.
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