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(67)  Thepresentinvention is directed to a conductive
chain comprising a plurality of conductive links. Each
conductive link (10) is made of an electrically conductive
material and comprises a first end portion (11) and a sec-
ond end portion (12). The first end portion (11) and the
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ond end portion (12) of another conductive link (10) of
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Description

[0001] The presentinvention refers to a conductive link
and to a conductive chain formed by conductive links.
Such a conductive chain formed by conductive links may
be used, for example, as a modular flexible bus bar.
[0002] In electric vehicles, different ways are known
for establishing an electrical connection between the bat-
tery and electrical loads such as the electrical motor.
[0003] In a prior art example, braided wires are used
which are composed of a number of small strands of wire
braided together so that the resulting cable is flexible.
For the purpose of achieving this flexibility, however, the
cross section of the cable is limited so that a current loss
occurs during the transmission of electric power from the
battery to the motor. Other prior art solutions include a
solid copper bus bar which is arranged within a cable
conduit made of plastic.

[0004] When an accident of the vehicle such as a se-
vere impact occurs, the insulation of the braided wires
cable or the plastic cable conduit may be damaged so
that current may flow into the metal parts of the vehicle.
Further, the motor may continue to run after the accident
since there is no breakage in the current flow. This may
result in an injury of the passengers, further damage of
the vehicle, and even fire.

[0005] The object of the present invention therefore is
to provide an electrical connection which has less current
loss during a normal operation and increases safety in
the case of an accident.

[0006] The objectis achieved by a conductive link ac-
cording to claim 1, a terminal link according to claim 15,
or a conductive chain according to claim 15. Further de-
velopments of the invention are specified in the depend-
ent claims, respectively.

[0007] The conductive link according to the invention
is made of an electrically conductive material and com-
prises a first end portion and a second end portion. The
first end portion and the second end portion are config-
ured so that the first end portion is able to accommodate
and hold a second end portion of another conductive link
of the conductive chain. The conductive link formed in
this way makes it possible, for example, to connect a
plurality of conductive links together to form a conductive
chain by which an electrical connection may be estab-
lished, for example between the battery and electrical
loads such as the electrical motor of an electrical vehicle.
Establishing an electrical connection in this way makes
it possible, for example to reduce a current loss during a
normal operation and to increase safety in the case of
an accident

[0008] Preferably, the conductive link further compris-
es an intermediate portion which is arranged between
the first end portion and the second end portion and con-
nects the first end portion and the second end portion to
each other. This makes it possible, for example, to in-
crease the length of a single conductive link.

[0009] Preferably, the first end portion, the second end
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portion, and the intermediate portion, if present, are made
of a metal, preferably copper, and/or the first end portion,
the second end portion, and the intermediate portion, if
present are formed as a monolithic piece. This makes it
possible, for example, to easily manufacture the conduc-
tive link and/or to give the conductive link a higher sta-
bility.

[0010] Preferably, the first end portion and the second
end portion are configured so that the first end portion is
able to hold the second end portion of the other conduc-
tive link of the conductive chain by form fitand/or by press
fit. This makes it possible, for example, to avoid that the
first end portion and the second end portion separate
from each other by themselves.

[0011] Preferably, the firstend portion has a concavely
formed section configured to accommodate and hold a
second end portion of another conductive link of the con-
ductive chain. This makes it possible, for example, to
realize a specific form how enabling the first end portion
to hold the second end portion.

[0012] Preferably, the second end portion has a con-
vexly formed section configured be accommodated in
and held by the first end portion of another conductive
link of the conductive chain. This makes it possible, for
example, to realize a specific form how the second end
portion is held the first end portion.

[0013] Preferably, the second end portion comprises
two ore more partial segments which are separated by
gaps from each other. This makes it possible, for exam-
ple, to increase an elasticity of the second end portion.

[0014] Preferably, the two ore more partial segments
are elastically deformable. This makes it possible, for ex-
ample, to facilitate the introduction of the second end
portion in to the first end portion

[0015] Preferably, the first end portion and the second
end portion are configured so that the first end portion is
able to accommodate and hold the second end portion
of the other conductive link of the conductive chain in a
way that the conductive link and the other conductive link
may be pivoted or articulated with regard to each other.
This makes it possible, for example, to achieve a flexible
chain when a plurality of conductive links are connected
together.

[0016] Preferably, the first end portion and the second
end portion are configured so that the first end portion is
able to accommodate and hold the second end portion
of the other conductive link of the conductive chain in a
way that the connection between the conductive link and
the other conductive link is disengaged at a predeter-
mined force. This makes it possible, for example, to break
an electrical interconnection formed by a conductive
chain comprising a plurality of conductive links connected
to each other, for example between the battery and elec-
trical loads such as the electrical motor of an electrical
vehicle, in the state on an accident of the vehicle. This
makes it possible, for example, to automatically interrupt
a current flow from the battery to the motor, thus increas-
ing safety in the case of an accident.
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[0017] Preferably, the first end portion and the inter-
mediate portion, if present, are covered with an electri-
cally insulating material, preferably a plastic, and a bowl
of an electrically insulating material, preferably a plastic,
is formed at the second end portion. The bowl is formed
to protrude further in the longitudinal direction L than the
free end of the second end portion. The bowl is further
formed to be able to accommodate the first end portion
of another conductive link of the conductive chain which
is connected to the second end portion. This makes it
possible, for example, to insulate a conductive chain
comprising a plurality of conductive links connected to
each other to the outside, wherein the insulation is also
maintained if the chain is broken. This makes it possible,
for example, to avoid that the conductive core of the bro-
ken chain comes into contact, for example, with metallic
parts of a vehicle, thus increasing safety in the case of
an accident.

[0018] Preferably, the conductive link has arotationally
symmetric shape. This makes it possible, for example,
to easily manufacture the conductive link.

[0019] Preferably, the conductive link comprises two
or more first end portions, each configured to be able to
accommodate and hold a second end portion of another
conductive link, and/or two or more second end portion,
each configured to be able to be accommodated in and
held by a first end portion of another conductive link. This
makes it possible, for example, to realize a cable fan-out
in a conductive chain comprising a plurality of conductive
links connected to each other.

[0020] The terminal link according to the invention
comprises a connection portion and a terminal portion.
The connection portion is configured to accommodate
and hold a second end portion of a conductive link. Al-
ternatively, the connection portion is configured to be ac-
commodated in and held by the first end portion of a
conductive link. The terminal portion is configured to es-
tablish an electrical connection to an external device.
Such a terminal link makes it possible, for example, to
connect a conductive chain formed by a plurality of con-
ductive links for example to the battery and electrical
loads such as the electrical motor of an electrical vehicle.
Establishing an electrical connection in this way makes
it possible, for example to reduce a current loss during a
normal operation and to increase safety in the case of
an accident.

[0021] The conductive chain according to the invention
comprises a plurality of conductive links connected to
each other, and preferably at least one terminal link con-
nected to the first one and/or the last one of the conduc-
tive links forming the chain. Such a chain makes it pos-
sible, for example, to establish an electrical connection,
forexample between the battery and electricalloads such
as the electrical motor of an electrical vehicle. Establish-
ing an electrical connection in this way makes it possible,
for example to reduce a current loss during a normal op-
eration and to increase safety in the case of an accident.
[0022] Further features and advantages of the inven-
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tion will arise from the description of embodiments with
reference to the enclosed figures.

shows a sectional view of two conductive links
according to an embodiment of the present in-
vention in a state in which they are separated
from each other.

Fig. 1

shows a sectional view of the two conductive
links shown in Fig. 1 in a state in which they are
connected to each other.

Fig. 2

Fig. 3 shows a lateral view of a first end portion of a

conductive link shown in Fig. 1.

shows a lateral view of a second end portion of
a conductive link shown in Fig. 1.

Fig. 4

Fig. 5 showsalateral view of a terminal link according
to an embodiment of the present invention con-

nected to a conductive link.

shows a sectional view of the terminal link
shown in Fig. 5 connected to the conductive
link.

Fig. 6

shows a lateral view of another terminal link ac-
cording to an embodiment of the present inven-
tion connected to a conductive link shown in
Fig. 1.

Fig. 7

shows a sectional view of the second terminal
link shown in Fig. 7 connected to the conductive
link.

Fig. 8

Fig. 9  shows a lateral view of a conductive chain.
[0023] According to the presentinvention, an electrical
connection between the battery and electrical loads such
as the electrical motor is made by a conductor having a
modular design. The conductor is realized as a conduc-
tive chain comprising a plurality of conductive links.
[0024] An embodiment of such a conductive chain
comprising a plurality of conductive links is described be-
low with reference to Figs. 1 to 10.

[0025] Fig. 1 shows a sectional view of two conductive
links in a state in which they are separated from each
other.

[0026] The two conductive links 10a, 10b have the
same construction. Each conductive link comprises afirst
end portion 11 and a second end portion 12 arranged
opposite to each other in a longitudinal direction L, and
an intermediate portion 13 arranged between the first
end portion 11 and the second end portion 12 and con-
necting the first end portion 11 and the second end por-
tion 12 to each other.

[0027] The firstend portion 11, the second end portion
12 and the intermediate portion 13 are made of an elec-
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trically conductive material. The conductive material may
be a metal, preferably copper. Preferably, the copper has
a high purity of at least 99.9 %. The first end portion 11,
the second end portion 12 and the intermediate portion
13 are formed as a monolithic piece of material.

[0028] The firstend portion 11 has a concavely formed
section 15. In the present example, the concave section
15 has an inner surface in the shape of a spherical seg-
ment. The segment extends over more than a half-sphere
so that the maximum diameter is not at the outer end 11a
(left end in Fig. 1) of the first end portion 11. In other
words, the maximum diameter is at a distance from the
outer end 11a of the

[0029] The second end portion 12 has a convexly
formed section 16. In the present example, the convex
section 16 has an outer surface in the shape of a spherical
segment. Also here, the maximum diameter is not at the
outer end (right end in Fig. 1) of the second end portion
12. The function of a gap 17 shown in the second end
portion 12 is described later with reference to Fig. 4
[0030] The intermediate portion 13 has a cylindrical
shape.

[0031] The first end portion 11 and the intermediate
portion 13 are covered with an electrically insulating ma-
terial 18, preferably a plastic. The insulating material 18
also covers at least an outer portion of the exposed free
end 11a of the first end portion 11. A bowl 19 of the elec-
trically insulating material is formed in the shape of a
spherical shell segment at the second end portion 12 so
thatit protrudes further in the longitudinal direction L than
the second end portion 12. The insulating cover 18 and
the insulating bowl! 19 are formed as a monolithic piece
of material.

[0032] Fig. 2 shows a sectional view of the two con-
ductive links in a state in which they are connected to
each other.

[0033] Inthis state,the convexsection 16 of the second
end portion 12 of the conductive link 10a (left in Fig. 2)
is accommodated in the concave section 15 of the first
end portion 11 of the conductive link 10b (right in Fig. 2).
The diameters of the spherical segments of the inner
surface of the concave section 15 and the outer surface
of the convex section 16 are approximately equal so that
alow electrical transition resistance is achieved between
the conductive links 10a, 10b in the connected state.
[0034] The bowl 19 surrounding the second end por-
tion 12 of the conductive link 10a is formed large enough
so that it can accommodate the first end portion 11 of the
conductive link 10b.

[0035] Due to the fact that the maximum diameter of
the first end portion 11 is not at the outer end, some force
is required to push the second end portion 12 of the con-
ductive link 10a into the first end portion 11 of the con-
ductive link 10b. Due to the same reason, the second
end portion 12 cannot easily free itself from the first end
portion 11, but engages in the concave section 15 and
thus is held by the first end portion 11 in the connected
state. In order to disengage the connection, some force
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is required, too.

[0036] The first end portion 11 and the second end
portion 12 thus are held together by form fit or positive
fit. Depending on the dimensions used, they may also be
held together by press fit or friction fit.

[0037] Since the inner surface of the concave section
15 and the outer surface of the convex section 16 are
formed as spherical segments, they together form a
spheroid joint or ball and socket joint. It is therefore pos-
sible to move the second end portion 12 of the conductive
link 10a within the first end portion 11 of the conductive
link 10b in a way that an angle between the longitudinal
direction L of the conductive link 10b and the longitudinal
direction L of the conductive link 10a can be changed to
a certain amount, i.e. the two conductive links may be
pivoted or articulated with regard to each other, while the
two conductive links 10a, 10b remain in the connected
state.

[0038] Fig.3showsalateral view of the firstend portion
11 of the conductive link 10. In the present example, the
first end portion 11 has a rotationally symmetric shape
so that the lateral view shows all the elements as circles.
In this view, the free end 11a of the first end portion 11
is shown, surrounded and partly covered by the insulating
cover 18. In the interior, the concave section 15 can be
seen. In the background, the rear of the insulating bowl
19 surrounding the second end portion (not visible in the
figure) is shown.

[0039] Fig. 4 shows a lateral view of the second end
portion 12 of the conductive link 10. Also the second end
portion 12 generally has a rotationally symmetric shape
so that its elements are shown as circles, or at least as
circle segment. In the present example, the second end
portion 12 comprises four partial segments 41-44 which
extend in the longitudinal direction of the conductive link
10 and are separated from each other by gaps 46-49.
The gap 17 shown in Figs. 1 and 2 corresponds to one
of those gaps 46-49.

[0040] Since each of the partial segments 41-44 has
a smaller cross-section than the entire second end por-
tion 12 and are separated from each other, they are elas-
tically deformable to a higher degree than a massive or
solid second end portion 12 would be. This facilitates the
introduction of the convex section 16 of the second end
portion 12 into the concave 15 of the first end portion 11.
[0041] Fig. 5 shows a lateral view of a terminal link 50
connected to a conductive link 10, and Fig. 6 shows a
sectional view of the terminal link 50 connected to the
conductive link 10.

[0042] The terminal link 50 comprises a connection
portion 51 and a terminal portion 52 arranged opposite
to each other, and an intermediate portion 53 arranged
between the connection portion 51 and the terminal por-
tion 52 and connecting the connection portion 51 and the
terminal portion 52 to each other.

[0043] The connection portion 51, the terminal portion
52 and the intermediate portion 53 are made of an elec-
trically conductive material. The conductive material may
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be a metal, preferably copper. Preferably, the copper has
a high purity of at least 99.9 %. The connection portion
51, the terminal portion 52 and the intermediate portion
53 are formed as a monolithic piece of material.

[0044] The connection portion 51 is formed in a similar
way as the second end portion 12 of a conductive link 10
so that it can be accommodated in and held by the first
end portion 11 of a conductive link 10 by form fit and/or
friction fit. In the present example, the connection portion
51 is formed without gaps. The terminal portion 52 is
formed in a way to permit establishing an electrical con-
nection to an electrical device such as the battery or mo-
tor of the electric vehicle. In the present example, the
terminal portion 52 is formed as a plate having a through-
hole 55 through which the plate may be screwed to an
electrical terminal of the electrical device.

[0045] Fig. 7 shows a lateral view of another terminal
link 70 connected to a conductive link 10, and Fig. 8
shows a sectional view of the other terminal link 70 con-
nected to the conductive link 10.

[0046] The terminal link 70 comprises a connection
portion 71 and a terminal portion 72 arranged opposite
to each other, and an intermediate portion 73 arranged
between the connection portion 71 and the terminal por-
tion 72 and connecting the connection portion 71 and the
terminal portion 72 to each other.

[0047] The connection portion 71, the terminal portion
72 and the intermediate portion 73 are made of an elec-
trically conductive material. The conductive material may
be a metal, preferably copper. Preferably, the copper has
a high purity of at least 99.9 %. The connection portion
71, the terminal portion 72 and the intermediate portion
73 are formed as a monolithic piece of material.

[0048] The connection portion 71 is formed in a similar
way as the first end portion 11 of a conductive link 10 so
that it can accommodate and hold the second end portion
12 of a conductive link 10 by form fit and/or friction fit.
The terminal portion 72 is formed in a way to permit es-
tablishing an electrical connection to an electrical device
such as the battery or motor of the electric vehicle. In the
present example, the terminal portion 72 is formed as a
plate having a through-hole 75 through which the plate
may be screwed to an electrical terminal of the electrical
device.

[0049] Fig.9showsalateral view of aconductive chain.
[0050] The conductive chain 90 comprises a plurality
of conductive links 10 connected to each other, and two
terminal links 50, 70 according to claim 13 connected to
the first one and the last one of the conductive links 10,
respectively.

[0051] Inthe state in which the conductive links 10 are
connected to form a chain, no metal part is accessible
from the outside with the exception of the terminal por-
tions 52, 72 of the terminal links 50, 70. The conductive
cores of the conductive links 10 are electrically insulated
to the outside by the insulating covers 18 and bowls 19
of the conductive links 10. Also the connection portions
51, 71 the terminal links 50, 70 are electrically insulated
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to the outside by the insulating cover 18 and bowl 19 of
the adjacent conductive links 10.

[0052] An electrical connection can established by
connecting the terminal portions 52, 72 of the terminal
links 50, 70 to the elements between which an electrical
connection is desired. Since the conductive chain 90 is
electrically insulated to the outside, no further insulation
such as cable housings or cable conduits are required.
[0053] Due to the degree of freedom in the movement
between the conductive links 10 forming the conductive
chain 90, this connection has a certain flexibility so that
the chain may for example be bent to a certain amount.
Since the conductive links 10 are made from a solid con-
ductive material, a better conductivity can be achieved
than in the case of using braided wire, resulting in less
current loss.

[0054] As described above, a certain amount of force
is required in order to disengage the connection between
adjacent conductive links 10. This force may be prede-
termined in a way that the conductive chain 90 is broken
at a force as it typically occurs during a severe impact of
the vehicle. For this purpose, the form of the first end
portion 11 and the second end portion 12 and/or the
amount of the form fit and/or by press fit between them
is selected so that the first end portion 11 and the second
end portion 12 are disengaged from each other at the
predetermined force.

[0055] Thereby, the electrical connection between the
battery and the motor is automatically interrupted and
the motor is prevented from continuing to run after the
accident. Further, the electrical insulation by the insulat-
ing cover 18 which also covers at least an outer portion
of the exposed free end 11a of the first end portion 11
and by the insulating bowl 19 that protrudes further than
the second end portion 12 prevents conductive parts of
the chain 90 from coming into contact with metal parts
of the vehicle. Thus, safety in the case of an accident is
increased.

[0056] The chains may be pre-assembled at the fac-
tory, or they may individually be assembled at the cus-
tomer’s site in order to match different requirements. The
modular design of the chain makes it possible to make
the chain shorter or longer in order to achieve any re-
quired length of the interconnection.

[0057] The present invention is not restricted to the
specific example described above, but can be modified
in different ways.

[0058] Forexample, multiple types of end fitments may
be used for the first end portion 11 and the second end
portion 12. The second end portion 12 may for example
be formed without gaps. Instead of the spherical concave
and convex sections 15, 16, other configurations may be
used which enable the first and second end portions 11,
12 to be held together by form fit (positive fit) and/or press
fit (friction fit).

[0059] Further, the two end portions 11, 12 need not
have the same longitudinal direction, but may be ar-
ranged in an angle, for example in an L-form. Still further,
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a conductive link may have two or more first end portions
11 and/or second end portions 12 and be arranged, for
example, in a T-form, Y-form, or X-form. Such forms
make it possible, for example, to realize a cable fan-out.
[0060] The first end portion 11, the second end portion
12 and the intermediate portion 13 may be formed by
separate pieces connected to each otherinstead of being
formed as a monolithic piece of material. Similarly, the
connection portion 51, 71, the terminal portion 52, 72 and
the intermediate portion 53, 73 may be formed by sepa-
rate pieces.

[0061] Also the insulating cover 18 and the insulating
bowl 19 may be formed by separate pieces.

[0062] The intermediate portions 11, 53, 73 may also
be omitted. In this case, the first end portion 11 and the
second end portion 12 of a conductive link 10 and/or the
connection portion 51, 71 and the terminal portion 52, 72
of a terminal link 50, 70 are directly connected to each
other.

[0063] The present invention is not limited to the use
of the conductive chain within an electrical vehicle. It may
also be used for any other application in which an elec-
trical connection is required. It is specially suited for ap-
plications in which braided wire and bus bars are currently
used.

Claims

1. Aconductive link (10) for a conductive chain, wherein
the conductive link (10) is made of an electrically
conductive material,
the conductive link (10) comprises a first end portion
(11) and a second end portion (12), and
the first end portion (11) and the second end portion
(12) are configured so that the first end portion (11)
is able to accommodate and hold a second end por-
tion (12) of another conductive link (10) of the con-
ductive chain.

2. The conductive link (10) according to claim 1, further
comprising an intermediate portion (13) arranged
between the first end portion (11) and the second
end portion (12) and connecting the first end portion
(11) and the second end portion (12) to each other.

3. The conductive link (10) according to claim 1 or 2,
wherein
the firstend portion (11), the second end portion (12),
and the intermediate portion (13), if present, are
made of a metal, preferably copper, and/or
the firstend portion (11), the second end portion (12),
and the intermediate portion (13), if present, are
formed as a monolithic piece.

4. The conductive link (10) according to any one of
claims 1 to 3, wherein
the first end portion (11) and the second end portion
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10.

1.

(12) are configured so that the first end portion (11)
is able to hold the second end portion (12) of the
other conductive link (10) of the conductive chain by
form fit and/or by press fit.

The conductive link (10b) according to any one of
claims 1 to 4, wherein the first end portion (11) has
a concavely formed section (15) configured to ac-
commodate and hold a second end portion (12) of
another conductive link (10a) of the conductive
chain.

The conductive link (10a) according to any one of
claims 1 to 5, wherein the second end portion (12)
has a convexly formed section (16) configured be
accommodated in and held by the first end portion
(11) of another conductive link (10b) of the conduc-
tive chain.

The conductive link (10) according to any one of
claims 1 to 6, wherein the second end portion (12)
comprises two ore more partial segments (41-44)
which are separated by gaps (46-49) from each oth-
er.

The conductive link (10) according to claim 7, where-
in the two ore more partial segments (41-44) are
elastically deformable.

The conductive link (10) according to any one of
claims 1 to 8, wherein the first end portion (11) and
the second end portion (12) are configured so that
the first end portion (11) is able to accommodate and
hold the second end portion (12) of the other con-
ductive link (10a) of the conductive chain in a way
that the conductive link (10) and the other conductive
link (10a) may be pivoted or articulated with regard
to each other.

The conductive link (10) according to any one of
claims 1 to 9, wherein the first end portion (11) and
the second end portion (12) are configured so that
the first end portion (11) is able to accommodate and
hold the second end portion (12) of the other con-
ductive link (10a) of the conductive chain in a way
that the connection between the conductive link
(10b) and the other conductive link (10a) is disen-
gaged at a predetermined force.

The conductive link (10) according to any one of
claims 1 to 10, wherein

the first end portion (11) and the intermediate portion
(13), if present, are covered with an electrically in-
sulating material (18), preferably a plastic, and
abowl (19) of an electrically insulating material, pref-
erably a plastic, is formed at the second end portion
(12),

wherein the bowl (19) is formed to protrude further
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13.

14.

15.
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than the second end portion (12), and

the bowl (19) is formed to be able to accommodate
the first end portion (11) of another conductive link
(10b) of the conductive chain which is connected to
the second end portion (12).

The conductive link (10) according to any one of
claims 1 to 11, having a rotationally symmetric
shape.

The conductive link (10) according to anyone of
claims 1 to 12, comprising

two or more first end portions (11), each configured
to be able to accommodate and hold a second end
portion (12) of another conductive link (10), and/or
two or more second end portion (12), each config-
ured to be able to be accommodated in and held by
afirstend portion (11) of another conductive link (10).

A terminal link (50, 70) for a conductive chain, com-
prising a connection portion (51, 71) and a terminal
portion (52, 72),

wherein the connection portion (51, 71) is configured
to accommodate and hold a second end portion (12)
of a conductive link (10) according to any one of
claims 1 to 12, or to be accommodated in and held
by the first end portion (11) of a conductive link (10)
according to any one of claims 1 to 13, and

the terminal portion (52, 72) is configured to establish
an electrical connection to an external device.

A conductive chain (90), comprising a plurality of
conductive links (10) according to any of claims 1 to
13 connected to each other,

wherein the conductive chain (90) preferably further
comprises at least one terminal link (50, 70) accord-
ing to claim 13 connected to the first one and/or the
last one of the conductive links (10) forming the chain
(90).
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