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Description

[0001] The present patent application for industrial in-
vention relates to a coaxial cable.

[0002] Asitis known, a coaxial cable comprises a cen-
tral conductive wire intended to transport an electrical
signal, a peripheral shield intended to be connected to a
mass to shield the interference on the central conductive
wire, adielectric material interposed between the central
conductive wire and the peripheral shield to insulate the
central conductive wire of the peripheral shield, and an
insulating sheath that surrounds the peripheral shield.
The peripheral shield is generally composed of conduc-
tive wires that form amesh, also called "bonding jumper".
[0003] The central conductive wire and the wires of the
bonding jumper of coaxial cables that are available on
the market are generally made of pure copper.

[0004] The use of solid copper for the central conduc-
tive wire and the wires of the bonding jumper guarantees
the bestoperation of the product because of the excellent
capacity of copper to be crossed by a signal. In fact, cop-
per has a high conductivity, and therefore a low electrical
resistance and a low Ohmicloss. However, a solid copper
conductive wire involves very high production costs be-
cause of the high price of copper and of its huge uncon-
trollable fluctuations (especially in the short term).
[0005] Inorder to overcome the problem of high costs,
other types of coaxial cables are known, which are pro-
vided with a central conductive wire and/or wires of the
bonding jumper made of pure aluminum. Because of its
lower specific gravity, aluminum has a considerably lower
price than copper, but, at the same time, has a lower
performance because of its low resistance to oxidation
and high electrical resistance (low conductivity, and
therefore high Ohmic loss). Moreover, an aluminum wire,
which is less ductile than copper, does not have the same
versatility because its minimum drawing dimensions are
higher than in a copper wire, which is not appreciated by
the market in view of the growing trend for miniaturization.
[0006] "Copper Clad Aluminum" (CCA) conductive
wires are known in order to solve these drawbacks, at
least partially.

[0007] EP1469486A1 discloses a conductive wire in
which the core and the mass are made of CCA concentric
sheets folded in a tubular shape. This type of cable finds
a special application in the TV industry (therefore static
applications) and cannot be applied in large consumption
dynamic sectors, such as the automotive industry, for a
series of factors related to the complexity of the produc-
tion process and to the mechanical properties of the tu-
bular conductive wires made with bent copper sheets. In
fact, such type of cable is too expensive, has a limited
flexibility, and is subject to breakage during bending
tests.

[0008] GB1310334Adisclosesa coaxial cableinwhich
the central conductive wire is made with a single wire
that can be made of CCA, insulated from the external
metal sheet, which represents the shielding, by a series
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of plastic disks. This type of cable cannot be applied in
the standard connectors of the automotive industry with-
out making very high investments to modify the connec-
tors.

[0009] This solution is mechanically very weak and
prevents the cable from being connected with other ele-
ments, such as clips (which would deform the internal
structure of the cable when the clip is pulled), or other
connections because the bonding operation (element
that keeps the cables together) occurs with tensions and
tractions that change the geometry of the cable, thus al-
tering its performance.

[0010] This type of coaxial cable is not suitable for the
automotive sector and is typically used for static applica-
tions that require a low resistance at repeated bending
cycles.

[0011] US6265667B1 disclosed a coaxial cable with a
central conductive unit and a bonding jumper made of
multiple CCA wires. In particular, the central conductive
unit can comprise multiple CCA twisted wires. The patent
document describes how to prevent the oxidation of the
metals used for the cable. While on one side it extends
the life of the product (which can be stocked for a long
time and can be transported in extreme conditions), on
the other side the anti-oxidation substance limits the elec-
trical conductivity and weldability of the metal parts that
must be suitably cleaned before being machined in order
to obtain the best qualitative result for a special operation
such as welding. The process is expensive and impaired
by quality problems for products that need to be assem-
bled in large series.

[0012] The purpose of the present invention is to rem-
edy the drawbacks of the prior art by providing a coaxial
cable that is efficient, efficacious and at the same time
inexpensive and simple to make.

[0013] This purpose is achieved according to the in-
vention, with the characteristics claimed in the attached
independent claim 1.

[0014] Advantageous embodiments appear from the
dependent claims.

[0015] The coaxial cable of the invention comprises:

- acentral conductive unit intended to transport a sig-
nal,

- ashield, comprising a plurality of wires disposed as
a mesh, intended to be connected to a mass in order
to shield the central conductive unit,

- a dielectric material disposed between the central
conductive unit and the shield to insulate the central
conductive unit from the shield, and

- an insulation sheath disposed around the shield.

[0016] The central conductive unit and the shield com-
prise a plurality of wires made with an aluminum core
coated with a copper coating.

[0017] The wires of the shield comprise a tin external
coating.
[0018] Additional characteristics of the invention will
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appear evident from the detailed description below that
refers to the attached drawings, which have an illustra-
tive, not limitative purpose only, wherein:

Fig. 1 is a partially sectioned perspective view of the
coaxial cable according to the invention;

Fig. 2 is a perspective view of the core of the coaxial
cable of Fig. 1;

Fig. 3 is a cross-sectional view of the coaxial cable
of Fig. 1;

Fig. 3Ais an enlarged view of a detail of Fig. 3, show-
ing a single conductive wire of the core; and

Fig. 3B is an enlarged view of a detail of Fig. 3, show-
ing a single conductive wire of the bonding jumper.

[0019] Referring to the figures, the coaxial cable of the
invention is disclosed and generally indicated with refer-
ence numeral (100).

[0020] Referring now to Figs. 1 and 3, the coaxial cable
(100) comprises:

- acentral conductive unit (1),

- adielectric material (2) disposed around the central
conductive unit (1),

- ashield (4) disposed around the dielectric material
(2), and

- aninsulation sheath (5) disposed around the shield

4).

[0021] The coaxial cable (100) optionally comprises a
second shield (3) between the dielectric material (2) and
the first shield (4).

[0022] The central conductive unit (1) is intended to
transport electrical signals. The central conductive unit
(1) comprises a plurality of suitably disposed conductive
wires (10).

[0023] Referring to Fig. 3A, each conductive wire (10)
of the central conductive unit is made with copper clad
aluminum (CCA) technology and comprises an alumi-
num core (11) and a copper coating (12).

[0024] The conductive wire (10) has a total diameter
that can vary from 0.1mm to 1mm, preferably 0.27 mm,
according to the application. The aluminum core (11) has
a diameter of 90-97%, preferably 95% of the total diam-
eter of the wire and the thickness of the copper coating
is 10-7%, preferably 5% of the total diameter of the wire.
[0025] Optionally, each wire of the central conductive
wire can be additionally covered with a tin external layer
(13) with thickness equal to 0.5% - 2% of the total diam-
eter of the wire. The tin external layer (13) is used to
make the conductive wire immune from oxidation and
keep its weldability characteristics unaltered over time.

[0026] Referring to Fig. 2, the central conductive unit
(1) is composed of a straight central conductive wire (10a)
and a plurality of peripheral conductive wires (10b)
wound around the central conductive wire (10a) in aspiral
beam. The spiral beam formed of the peripheral conduc-
tive wires (10a) develops by winding along the straight
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central conductive wire (10a) using it as axis of the spiral.
[0027] Thefiguresillustrate an embodiment of the cen-
tral conductive unit (1) that comprises seven wires, i.e.
one central wire and six peripheral wires.

[0028] The peripheral wires (10b) are wound to the
central wire (10a) forming a spiral beam with winding
pitch of 15-20mm. The winding pitch of the spiral can
have different values, according to the dimensions of the
wire and to the number of wires used to make the central
conductive unit (1).

[0029] Such a manufacturing technique of the central
conductive unit (1) can be industrially automated with the
use of suitable machines and with low production costs.
[0030] Such adisposition of the conductive wires (10)
of the central conductive unit is used to improve the me-
chanical performance of the central conductive unit (1).
As a matter of fact, a solid one-wire conductive wire or a
linear beam of parallel wires, cannot withstand a high
number of repeated bends of the coaxial cable (100),
which are due to the manipulation, production and instal-
lation required in special applications, such as in the au-
tomotive sector.

[0031] The coaxial cable (100) of the invention, where-
in the central conductive wire (1) is obtained with such a
manufacturing technique, is more flexible, more resistant
to bends in any direction and easier to compress during
the crimping of connectors.

[0032] It mustbe noted that the central conductive unit
(1) of the coaxial cable according to the invention is not
provided with twisted wires, i.e. wires that are mutually
twisted for the entire length of the cable. The central con-
ductive unit (1) of multi-wire type is obtained with a proc-
ess according to which the remaining wires are disposed
around a central wire by means of bending, not twisting.
This allows obtaining a compact beam of wires and avoid-
ing the presence of air between the wires.

[0033] The dielectric material (2) is made of expanded
polyethylene or polypropylene, and has a diameter com-
prised between 1.5 and 3 mm, preferably 2.1 mm.
[0034] Referring to Figs. 1 and 3, the coaxial cable
(100) advantageously has two shield levels (4, 3).
[0035] The first shield (4) comprises a plurality of con-
ductive wires (40) twisted in such manner to form a mesh
intended to be connected to a mass. For this reason the
first shield (4) is also known as bonding jumper (4).
[0036] Referring to Fig. 3B, each conductive wire (40)
of the bonding jumper is of CCA type and comprises an
aluminum core (41), an intermediate copper coating (42)
and a tin external coating (43).

[0037] The bonding jumper (4) is composed of a set of
wires (40) that are twisted with a suitable twist pitch. Each
wire (40) can have a total diameter that, according to the
specific application, can vary from 0.1 mm to 0.2 mm with
a thickness of the copper coating (42) equal to 6% of the
total diameter. The copper layer (42) is additionally cov-
ered with the tin layer (43) in a percentage that can vary
from 0.5% to 2% of the total wire diameter according to
the specific application.
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[0038] The tin coating (43) aplied to the CCA wires of
the bonding jumper is necessary when the cable is ex-
posed to extremely severe working environments, such
as places with humid warm conditions, saline fog or re-
peated intense heat. The tin coating (43) allows keeping
the wire resistivity constant over time, without any im-
pedance and attenuation alteration. Moreover, being free
of oxidation, tin guarantees the perfect weldability of the
bonding jumper over time.

[0039] Forexample, awire (40) of the bonding jumper
with 0.13mm total diameter in the cable (100) has the
following structure:

max. diameter of the aluminum wire (41) = 0.12mm,
min. thickness of the copper coating (42) =0.004mm,
min. thickness of the tin coating (43) = 0.001 mm.

[0040] The bonding jumper (4) is made of a mesh of
twisted wires (40). The wires are grouped in spindles of
5 wires each. A total of 16 spindles are used to make the
mesh. Each spindle is made of 5 wires with 0.13mm di-
ameter (each wire). The twist pitch of the spindles to
make the mesh is 28mm.

[0041] The second shield (3) surrounds the dielectric
material (2). The second shield (3)is composed of asheet
of aluminum-based composite material with 0.05 mm
thickness. Advantageously, the second shield (3) com-
prises a multilayer sheet comprising a polyester film in-
terposed between two aluminum layers.

[0042] Thedielectric material(2)and the second shield
(3) (if present) have a percentage of optical coverage
higher than 90%.

[0043] Theexternal sheath (5) is made of lead-free an-
ti-migrating PVC.

[0044] The cable (100) of the invention has the follow-
ing mechanical characteristics:

- Minimum static bend radius 5 times the external di-
ameter; and

- Minimum dynamic radius of curvature 15 times the
external diameter.

[0045]
tests:

The cable (100) passes the following laboratory

- 3000h exposure to +85°C/-40°C temperatures; and
- reliability of 30,000 bend cycles in accordance with
standard ISO 14572.

[0046] The coaxial cable (100) of the invention has the
following advantages:

1) The copper coating (12, 42) applied on the alumi-
num core (11, 41) of the wires (10, 40) of the central
conductive unit and of the bonding jumper protects
aluminum from oxidation and considerably increas-
es the wire conductive capacity.

2) The tin coating (13, 43) on the copper coating (12,
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42) of the wires (10, 40) of the central conductive
unit and of the bonding jumper gives contact resist-
ance stability over time, especially during the con-
nection of the bonding jumper (4) to a connector;
therefore such tin coating is more advantageous es-
pecially on the wires of the bonding jumper (4) that
are more severely exposed to the external operating
environment.

3) Moreover, such innovation allows for reducing the
total weight of the product because, having a specific
gravity three times lower than copper, the CCA has
a weight lower by 60% than pure copper, thus meet-
ing the demand for lightness of the automotive mar-
ket.

4) The market quotations of aluminum, which prac-
tically represents the total volume of a CCA wire, are
more stable than copper. Moreover, with the same
volume, having a specific gravity that is three times
lower, it weighs less and therefore costs less than a
pure copper wire.

[0047] Consequently, the cable (100) of the invention
has the same electrical performance and the same cor-
rosion resistance as a coaxial cable with core and bond-
ing jumper made of pure copper and advantageously has
a considerably lower total weight, as well as lower pro-
duction costs.

Claims
1. A coaxial cable (100) comprising:

- a central conductive unit (1) intended to trans-
port a signal,

- a shield (4) a plurality of wires (40) disposed
as a mesh, intended to be connected to a mass
in order to shield the central conductive unit,

- a dielectric material (2) disposed between the
central conductive unit (1) and the shield (4) to
insulate the central conductive unit (1) from the
shield (4), and

- an insulation sheath (5) disposed around the
shield (4),

wherein said central conductive unit (1) and shield
(4) comprise a plurality of wires (10, 40) made with
an aluminum core (11, 41) coated with a copper coat-
ing (12, 42),

characterized in that

said wires (40) of the shield (4) comprise a tin exter-
nal coating (43).

2. The coaxial cable (100) of claim 1, wherein the thick-
ness of said tin external coating (43) varies from

0.5% to 2% of the total diameter of the shield wire (4).

3. The coaxial cable (100) of claim 1 or 2, wherein said
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wires (10) of the central conductive unit (1) comprise
a tin external coating (13).

The coaxial cable (100) of claim 3, wherein the thick-
ness of said tin external coating (13) varies from
0.5% to 2% of the total diameter of the wire of the
central conductive unit (1).

The coaxial cable (100) according to any one of the
preceding claims, wherein said wires (10) of the cen-
tral conductive unit (1) comprises a straight central
conductive wire (10a) and a plurality of peripheral
conductive wires (10b) wound around the central
conductive wire (10a) in a spiral beam.

The coaxial cable (100) of any one of the preceding
claims, also comprising a second shield (3) inter-
posed between said dielectric material (2) and said
shield (4) for ground connection.

The coaxial cable (100) of claim 6, wherein said sec-
ond shield (3) comprises a sheet of aluminum-based
composite material.

The coaxial cable (100) of claim 7, wherein said sec-
ond shield (3) comprises a multilayer sheet compris-
ing a polyester film interposed between two alumi-
num layers.

The coaxial cable (100) of any one of the preceding
claims, wherein the thickness of said copper coating
(12) varies from 7% to 10% of the total diameter of
the wire of the central conductive unit (1).

The coaxial cable (100) of any one of the preceding
claims, wherein the thickness of said copper coating
(42) varies from 7% to 10% of the total diameter of
the wire of the shielding (4).

Patentanspriiche

1.

Koaxialkabel (100), umfassend:

- eine zentrale leitfahige Einheit (1), die dazu
bestimmt ist, ein Signal zu tUbertragen,

- eine Abschirmung (4), die mehrere Drahte (40)
umfasst, die maschenférmig angeordnet und
dazu bestimmt sind, an eine Masse zur Abschir-
mung der zentralen leitfahigen Einheit ange-
schlossen zu werden,

- ein dielektrisches Material (2), das zwischen
der zentralen leitfahigen Einheit (1) und der Ab-
schirmung (4) angeordnet ist, um die zentrale
leitfahige Einheit (1) von der Abschirmung (4)
zu isolieren, und

-eineisolierende Ummantelung (5), die rund um
die Abschirmung (4) angeordnet ist,
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10.

wobei die zentrale leitfahige Einheit (1) und die Ab-
schirmung (4) mehrere Drahte (10, 40) umfassen,
diemiteinem Aluminiumkern (11, 41) hergestelltund
mit einer Kupferbeschichtung (12, 42) versehen
sind,

dadurch gekennzeichnet, dass

die Drahte (40) der Abschirmung (4) eine AulRenbe-
schichtung aus Zinn (43) umfassen.

Koaxialkabel (100) nach Anspruch 1, wobei die Di-
cke der AuRenbeschichtung aus Zinn (43) zwischen
0,5 % und 2 % des Gesamtdurchmessers des Drah-
tes der Abschirmung (4) variiert.

Koaxialkabel (100) nach Anspruch 1 oder 2, wobei
die Drahte (10) der zentralen leitfahigen Einheit (1)
eine AuRenbeschichtung aus Zinn (13) umfassen.

Koaxialkabel (100) nach Anspruch 3, wobei die Di-
cke der AuRenbeschichtung aus Zinn (13) zwischen
0,5 % und 2 % des Gesamtdurchmessers des Drah-
tes der zentralen leitfahigen Einheit (1) variiert.

Koaxialkabel (100) nach einem beliebigen der vor-
stehenden Anspriche, wobei die Drahte (10) der
zentralen leitfahigen Einheit (1) einen geraden, zen-
tralen, leitfahigen Draht (10a) und mehrere periphe-
re leitfahige Drahte (10b) umfassen, die um den zen-
tralen leitfahigen Draht (10a) in einem spiralférmigen
Bindel gewickelt sind.

Koaxialkabel (100) nach einem beliebigen der vor-
stehenden Anspriiche, umfassend ferner eine zwei-
te Abschirmung (3), die zwischen dem dielektrischen
Material (2) und der Abschirmung (4) fur den Mas-
seanschluss angeordnet ist.

Koaxialkabel (100) nach Anspruch 6, wobeidie zwei-
te Abschirmung (3) eine Folie aus Aluminiumbasis-
Verbundwerkstoff umfasst.

Koaxialkabel (100) nach Anspruch 7, wobeidie zwei-
te Abschirmung (3) eine Mehrschichtfolie umfas-
send einen Polyesterfilm zwischen zwei Aluminium-
schichten umfasst.

Koaxialkabel (100) nach einem beliebigen der vor-
stehenden Anspriiche, wobei die Dicke der Kupfer-
beschichtung (12) zwischen 7 % und 10 % des Ge-
samtdurchmessers des Drahtes der zentralen leitfa-
higen Einheit (1) variiert.

Koaxialkabel (100) nach einem beliebigen der vor-
stehenden Anspriiche, wobei die Dicke der Kupfer-
beschichtung (42) zwischen 7 % und 10 % des Ge-
samtdurchmessers des Drahtes der Abschirmung
(4) variiert.
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Revendications

1.

Cable coaxial (100) comprenant:

- un groupe conducteur central (1) destiné a
transporter un signal,

- un blindage (4) comprenant une pluralité de
fils (40) disposés a maille, destiné a étre branché
a une masse pour blinder le groupe conducteur
central,

- un matériel diélectrique (2) disposé entre le
groupe conducteur central (1) et le blindage (4)
pour isoler le groupe conducteur central (1) du
blindage (4), et

- une gaine isolante (5) disposée autour du blin-
dage (4),

ol ledit groupe conducteur central (1) et ledit blin-
dage (4) comprennent une pluralité de fils (10, 40)
réalisés avec un noyau en aluminium (11, 41) revétu
par un revétement en cuivre (12, 42),

caractérisé en ce que

lesdits fils (40) du blindage (4) comprennent un re-
vétement externe en étain (43).

Cable coaxial (100) selon la revendication 1, ou
I'épaisseur du dit revétement externe en étain (43)
varie du 0,5% au 2% du diamétre total du fil du blin-
dage (4).

Cable coaxial (100) selon la revendication 1 ou 2,
ou lesdits fils (10) du groupe conducteur central (1)
comprennent un revétement externe en étain (13).

Cable coaxial (100) selon la revendication 3, ou
I'épaisseur du dit revétement externe en étain (13)
varie du 0,5% au 2% du diamétre total du fil du grou-
pe conducteur central (1).

Cable coaxial (100) selon 'une quelconque des re-
vendications précédentes, ol lesdits fils (10) du
groupe conducteur central (1) comprennent un fil
conducteur central (10a) droit et une pluralité de fils
conducteurs périphériques (10b) qui s’enroulent
autour du fil conducteur central (10a) en un faisceau
a spirale.

Cable coaxial (100) selon 'une quelconque des re-
vendications précédentes, comprenant également
un second blindage (3) interposé entre ledit matériel
diélectrique (2) et ledit blindage (4) de branchement
a la masse.

Cable coaxial (100) selon la revendication 6, ou ledit
second blindage (3) comprend une feuille de maté-

riel composite, a base d’aluminium.

Cable coaxial (100) selon la revendication 7, ou ledit
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10.

second blindage (3) comprend une feuille multicou-
che comprenant un film de polyester interposé entre
deux couches d’aluminium.

Cable coaxial (100) selon I'une quelconque des re-
vendications précédentes, ol ledit revétement en
cuivre (12) varie du 7 au 10% du diamétre total du
fil du groupe conducteur central (1).

Cable coaxial (100) selon I'une quelconque des re-
vendications précédentes, ol ledit revétement en
cuivre (42) varie du 7 au 10% du diamétre total du
fil du blindage (4).
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