HU000032471T2
-x 9 HU (11) Lajstromszam: E 032 471 13 T2
e Nemaot Hivatal
EUROPAI SZABADALOM
SZOVEGENEK FORDITASA
(21) Magyar tigyszam: E 07 825541 (51)Int.Ccl. GO02B 6/44 (2006.01)

(22) A bejelentés napja: 2007.10. 18.
(86) A nemzetkdzi (PCT) bejelentési szam:

(96) Az eurdpai bejelentés bejelentési szama: PCT/IB 07/003280
EP 20070825541 (87) A nemzetkdzi kdzzétételi szam:

(97) Az eurdpai bejelentés kdzzétételi adatai: WO 09050533
EP 2206005 A1 2009. 04. 23.

(97) Az eurdpai szabadalom megadasénak meghirdetési adatai:
EP 2206005 B1 2016. 12. 28.

(72) Feltalalo(k): (73) Jogosult(ak):
SALES CASALS, Lluis-Ramon, E-08800 Vilanovai la Prysmian Cables Spain, S.A., 08800 Vilanova i
Geltru, Barcelona (ES) la Geltru, Barcelona (ES)

BATTLE FERRER, Josep, Maria, E-08800 Vilanovaii la
Geltru, Barcelona (ES)

ESCOFET ROIG, Carles, E-08800 Vilanova i la Geltra,  [(74) Képviselé:

Barcelona (ES) Danubia Szabadalmi és Jogi Iroda Kift.,
MARTIN REGALADO, Jose, Maria, E-08800 Vilanova i la Budapest

Geltru, Barcelona (ES)

NAVARRO GIMENO, Marcelino, E-08800 Vilanova i la
Geltru, Barcelona (ES)

ROVIRA | PASCUAL, Joan, Baptista, E-08800 Vilanova i
la Geltru, Barcelona (ES)

(54) Hibrid kébel

Az eurdpai szabadalom ellen, megadasanak az Eurdpai Szabadalmi K6zlonyben valé meghirdetésétél szamitott kilenc hénapon bellil,
felszélalast lehet benyujtani az Eurépai Szabadalmi Hivatalnal. (Eurépai Szabadalmi Egyezmény 99. cikk(1))

A forditast a szabadalmas az 1995. évi XXXIII. térvény 84/H. §-a szerint nyujtotta be. A forditas tartalmi helyességét a Szellemi Tulajdon
Nemzeti Hivatala nem vizsgalta.




EP 2 206 005 B1

(19)

Eurcpiisches
Patentarni
Eurcpean

Patent Office

des bty (11) EP 2 206 005 B1
(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntCl.:
of the grant of the patent: GO02B 6/44 (2006.0%)

28.12.2016 Bulletin 2016/52
(86) International application number:

(21) Application number: 07825541.1 PCT/IB2007/003280

(22) Date of filing: 18.10.2007 (87) International publication number:
WO 2009/050533 (23.04.2009 Gazette 2009/17)

(54) HYBRID CABLE
HYBRIDKABEL
CABLE HYBRIDE

(84) Designated Contracting States: ¢« MARTIN REGALADO, Jose, Maria
ATBEBGCHCY CZDE DKEE ES FIFR GB GR E-08800 Vilanova i la Geltra, Barcelona (ES)
HUIEISITLILTLU LV MC MT NL PL PT RO SE * NAVARRO GIMENO, Marcelino
SISK TR E-08800 Vilanova i la Geltra, Barcelona (ES)

* ROVIRA | PASCUAL, Joan, Baptista
(43) Date of publication of application: E-08800 Vilanova i la Geltru, Barcelona (ES)

14.07.2010 Bulletin 2010/28

(74) Representative: Locatelli, Massimo et al

(73) Proprietor: Prysmian Cables Spain, S.A. Barzand & Zanardo Milano S.p.A.
08800 Vilanova i la Geltru, Barcelona (ES) Via Borgonuovo 10

20121 Milano (IT)

(72) Inventors:

¢ SALES CASALS, Lluis-Ramon (56) References cited:
E-08800 Vilanova i la Geltra, Barcelona (ES) EP-A- 0203 249 EP-A1-1833133
¢ BATTLE FERRER, Josep, Maria WO-A-88/06742 US-A- 4 365 865
E-08800 Vilanova i la Geltru, Barcelona (ES) US-A- 5268 971

* ESCOFET ROIG, Carles
E-08800 Vilanova i la Geltru, Barcelona (ES)

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 206 005 B1 2

Description

[0001] The presentinvention relates to a hybrid cable,
comprising both electrical conductor wires for power
transmission and optical fibres for data transmission.
Particularly, the hybrid cable according to the invention
is intended for use in a building. More particularly, the
hybrid cable according to the present invention is a low
voltage (LV) cable. Raceways are usually provided in a
building for power cables installation, said cables distrib-
uting power (i.e. electrical energy) to each apartment of
the building. Typically, the power cables run from the
power meters - located at the base of the building - to a
switchboard present in each apartment of the building.
[0002] In the case an optical fibre cable is needed for
allowing telecommunication data to be transmitted to an
end user living in a given apartment, additional raceways
are provided for receiving the optical fibre cables to be
installed. Additional raceways are often needed since the
size of the raceways already present in the building - and
used for housing the power cables - may not allow an
optical fibre cable to be installed together with a power
cable within the same raceway. Alternatively, raceways
of greater sizes are needed to replace the already in-
stalled raceways in case the installation of optical fibre
cables cannot be performed together with the already
installed power cables within the same raceway.

[0003] However, drawbacks arise when further addi-
tional raceways or raceways of greater size have to be
installed for receiving the optical fibre cables. For in-
stance, masonry work is generally required to be made
in the building/apartments, thereby remarkably increas-
ing the installation costs. Moreover, in the case masonry
work has to be carried out in the building, at least the
majority of the building lodgers must agree on the works
to be done.

[0004] Whenever an opticalfibre is included in a cable,
the optical fibre requires to be protected from axial and
radial stresses, such as those which typically occur onto
a cable which is installed within a building raceway.
These stresses are due, for example, to the pulling force
acting onto the cable during installation thereof, said pull-
ing force giving origin both to axial traction forces and to
radial compression forces, whenever the installation path
comprises curvilinear portions in combination with recti-
linear portions.

[0005] The above mentioned stresses are particularly
deleterious to the optical fibres as they can cause atten-
uation phenomena of the transmitted signal, or can even
break or seriously damage the optical fibre during instal-
lation of the cable.

[0006] The optical fibre can be protected by providing
the cable with additional protecting elements. However,
such a technical solution would be more complex and,
moreover, it would cause the cable size to grow to an
unacceptable extent, especially in view of the fact that
this cable is requested to be installed in a raceway of
limited dimensions (and already present in the building
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structure).

[0007] WO 2005/114285 relates to wireline cables
having optical fibre(s) used in conjunction with metallic
conductors and to the use thereof, in particular for oilfield
applications. This document discloses that placing the
optical fibres in specific positions and areas of the cable
creates a wide variety of means to monitor well bore ac-
tivity and conditions. For instance, when the optical fibre
is placed in a helical position inside the cable (e.g. optical
fibres are helically positioned around a central metallic
conductor), measurements of downhole physical prop-
erties (e.g. temperature or pressure) can be quickly ac-
quired. Conversely, placing the optical fibre in a central
position upon the center axis of the cable - a plurality of
metallic conductors being helically positioned around the
optical fibre - allows for strain measurements. The recip-
rocal position of electrical conductors and of optical fibre
does not vary along the cable.

[0008] The cable disclosed by document WO
2005/114285 is not suitable for installation along tortuous
and indefinite paths, as may be required when placing
the cable in the raceways of a building. In fact, along a
bend in the cable path, for instance, the optical fibre of
the cable according to document WO 2005/114285
would tend to maintain its cross-sectional position with
respect to the conductor wires, thus undergoing relevant
axial/radial stresses which would likely cause an unac-
ceptable deterioration of the data transmission property.
[0009] US 5,268,971 discloses an optical fiber/metallic
conductor composite cable suitable only for the trans-
mission of information, wherein metallic conductors are
combined with optical fibers and the metallic conductors
are individually coated and typically color coded and
twisted in pairs or quads, in order to transmit data.
[0010] EP 0203 249A2relatesto a high-voltage cable,
particularly for voltages of 6 to 60 kV, which is equipped
with optical fibers which are able to control cable opera-
tion, particularly to monitor internal temperature of the
cable and possible tensions exerted on the same. The
optical fibers are enclosed mostly loosely by a protective
sheath to form fiber optic cables, which can be accomo-
dated in the energy conductor, in the inner core winding
or in the screen of the cable.

[0011] The Applicant has found that the installation ex-
tra costs - due to the additional or bigger raceways - could
be advantageously avoided by replacing the power ca-
bles - already installed in the building raceways - with
hybrid cables that carry both power and telecommunica-
tion data. Moreover, in the case both power transmission
and data transmission have to be provided to a new build-
ing, the Applicant has found that this objective can be
successfully achieved at moderate prices by providing a
flexible hybrid cable comprising at least one optical fibre
unit and a plurality of conductor wires wherein the optical
fibre unit is dispersed within conductor wires as better
described in the following.

[0012] It is an aim of the present invention to provide
an optical link in a building by using a hybrid cable adapt
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to withstand the mechanical axial and radial stresses
which, for instance, may occur during installation in a
building raceway, maintaining a satisfactory data trans-
mission property through the optical fibre.

[0013] Within the present description, by the term "ca-
ble" it is meant a conductor with its insulation; when a
three-phase cable is referred to, it is meant an assembly
formed by three ormore cables assembled together (usu-
ally stranded), to convey three phase electric power. In
such case, each cable of the three-phase cable is usually
referred to as phase cable.

[0014] Another object of the invention is to provide a
hybrid cable having a relatively limited diameter, which
can suitably replace the power cables already installed
in the raceway of a building or which can be suitably
installed in the raceway of a new building.

[0015] In accordance with the invention, it is provided
a hybrid cable as defined in claim 1.

[0016] The Applicant has found that by dispersing the
at least one optical fibre unit within a plurality of filaments
(or wires) forming the cable electrical conductor, the re-
sulting hybrid cable - which electrically connects the us-
er's power meter (typically housed in a suitable space at
the base of the building) to a switchboard located inside
the user’s apartment - can be installed into a building
raceway or can replace the originally installed power ca-
ble in an already existing building raceway by providing
sufficient protection to the optical fibre unit so as to pre-
vent its damaging or reduction in the optical transmission
capability.

[0017] In order to minimize the mechanical stress on
it, the optical fibre unit is dispersed in a plurality of con-
ductor wires having diameter equal to or smaller than the
diameter of the optical fibre unit, wherein the number of
conductor wires is considerably higher than the number
of optical fibre units, at least 12 times the number of the
optical fibre units. This arrangement allows the optical
fibre unit to re-arrange its position within the filaments of
the electrical conductor during installation, thus reaching
a low energy configuration and minimizing the stresses
on the optical fibre unit.

[0018] According to the present description and to the
claims associated thereto, the term "optical fibre unit"
indicates the optical assembly within the hybrid cable,
said optical assembly being formed of at least one optical
fibre.

[0019] The optical fibre unit is a tight buffer fibre, i.e. a
fibre having a tight buffer coating surrounding the coated
glass fibre.

[0020] By dispersing the optical fibre unit among the
conductor wires according to the present invention, the
conductor wires are the ones which withstand the axial
tensile stresses occurring onto the hybrid cable during
pulling thereof. Moreover, the conductor wires create a
suitable protection for the tight buffer optical fibre unit
with respect to the compression forces which act trans-
versally (radially) onto the hybrid cable during installation
thereof.
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[0021] In particular, the Applicant has found that, when
the tight buffer optical fibre unit is inserted among the
wires of a conductor of a low voltage power cable of flex-
ible type, said flexible cable having wires of diameter cor-
responding to the requirements of Class 5 according to
Standard IEC 60228 - 3rd Edition - 2004-11, the conduc-
tor wires provide a mechanical protection around the op-
tical fibre unit without forcing the fibre(s) in a pre-fixed
position, thereby protecting the fibre(s) from axial and
radial stresses acting thereupon.

[0022] This arrangement is particularly satisfactory
since the optical fibre unit is of the tight buffer type, and
thus has a reduced diameter (e.g. 900 nm) compared
with a "loose buffer" optical fibre unit. A "loose buffer"
optical fibre unit is an assembly according to which a
tubular element contains one or more optical fibre(s) with
an outer diameter of few millimetres. A "loose buffer" op-
tical fibre unit arranged within a power cable provides a
protection to the optical fibre(s), but increases the cable
diameter and, as a consequence, it decreases the cable
overall flexibility. Preferably, the conductor wires of the
hybrid cable are in anumberfrom about 16 to about 3300,
more preferably from about 24 to about 1800, even more
preferably from about 72 to about 238, depending on the
desired conductor cross section and chosen wires diam-
eters.

[0023] Inthe case an already existing power cable has
to be replaced, in order to allow an easy installation, the
hybrid cable is requested to have a cross-sectional size
substantially equal to or very close to that of the power
cable previously installed. Therefore, the power cable
already present in the building raceway can be unin-
stalled and replaced with the hybrid cable of the present
invention which carries both power and telecommunica-
tion data, this operation being less expensive than mak-
ing the masonry work which is necessary for installing
an optical fibre cable in new additional or bigger race-
ways.

[0024] For better explaining the innovative principles
of the present invention and the advantages it offers over
the known art, a possible embodiment applying said prin-
ciples will be described hereinafter by way of example,
with the aid of the accompanying drawing.

[0025] Figure 1 shows a cross section view of a hybrid
three-phase cable 11, which comprises three hybrid
phase cables 12-14 according to the present invention.
The hybrid cable 11 of figure 1 also includes an additional
insulated electrical conductor 20 for operation of the ca-
ble during the night period, said additional insulated elec-
trical conductor 20 comprising a conductor core 27 and
aninsulationlayer28. The hybrid cable 11 isalow voltage
cable which is suitable for power distribution and data
transmission within a building.

[0026] Within the present invention, by "low voltage"
cable it is meant a cable designed to operate at a voltage
less than 1 kV.

[0027] Each phase cable 12-14 comprises a plurality
of electrically conductor wires, an optical fibre unit com-
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prising at least one optical fibre and an insulation jacket
surrounding the conductor wires and the opticalfibre unit.
[0028] Particularly, the phase cable 12 comprises a
conductor 15, two optical fibre units 16 and an insulating
outer jacket 18; phase cable 13 comprises a conductor
24, one optical fibre unit 22 and an outer jacket 26; phase
cable 14 includes a conductor 23, four optical fibre units
21 and an insulating outer jacket 25.

[0029] In the drawing, the conductors 15, 23 and 24
are represented as a hatched area. In detail, said con-
ductors are formed by a plurality of flexible wires, pref-
erably copper wires, all having a very small diameter, as
shown in part for conductor 24 where some wires 24a
are represented around the optical fibre unit 22.

[0030] The optical fibre units 16, 21, 22 are tight buffer
optical fibre units, i.e. optical fibres having a protective
buffer coating which surrounds tightly the internal coated
optical fibre. This allows the overall dimension of the hy-
brid cable to be reduced with respect to a cable provided
with "loose buffer" optical fibre units, wherein one or more
coated optical fibre is loosely contained in a buffer pro-
tection tube.

[0031] The number of conductor wires in each phase
cable is at least 12 times the number of the optical fibre
units contained within the same phase cable. Preferably,
the number of conductor wires is at least 18 times higher
than the number of the optical fibre units. The number of
conductor wires is advantageously in the range between
16 and 3300, more preferably 72 and 238. The number
of optical fibre units in each phase cable is preferably in
the range between 1 and 4.

[0032] Thediameterofthe opticalfibre unitsis between
1 and 5 times the diameter of the conductor wires. Most
preferably, the diameter of the optical fibre units is atleast
twice the diameter of the conductor wires.

[0033] The diameter of the optical fibre units is prefer-
ably between 0.6 mm and 1 mm.

[0034] Inordertoobtain aflexible cable the conductors
have diameters corresponding to the requirements of
Class 5 according to Standard IEC 60228 - 3rd Edition -
2004-11. The diameter of the conductor wires is between
0.1 mm and 0.6 mm.

[0035] Preferably, the conductor wires and the optical
fibre units are twisted together to form a bundle of wires
and optical fibre units having stranding pitch at least 10
times greater than the diameter "D" (see figure 1) of the
bundle formed by said wires and said optical fibre units.
Preferably, said stranding pitch is between 70 mm and
130 mm. According to the present invention, as men-
tioned above, each optical fibre unit is dispersed in a
much higher number of conductor wires whose diameter
is equal to or smaller than the diameter of the optical fibre
unit. This, preferably in combination with the relatively
long stranding pitch, allows the optical fibre unit to move
with respect to the conductor wires during installation, so
that the optical fibre units can find the most suitable po-
sition along the cable (with a low energy configuration),
sliding inside the matrix of the small conductor wires. In
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this way, the optical fibre unit has not a fixed position in
each cross section along the cable and it is always po-
sitioned in such a way to minimize the radial and axial
stresses on it, even in case the cable is laid along a tor-
tuous path. This particulararrangement makes it possible
to obtain satisfactory data transmission property of the
optical fibre unit, meanwhile maintaining a relatively low
diameter of the hybrid cable.

[0036] Here follows a practical example of a hybrid ca-
ble according to the invention.

EXAMPLE

[0037] A three-phase hybrid cable was manufactured,
each hybrid phase cable having a cross-section area of
16 mm2 and being formed of 108 copper wires (having
adiameter of 0.408 mm) and one opticalfibre unit (having
diameter of 0.9 mm).

[0038] The opticalfibre unit is a tight buffer optical fibre
unit, including a single mode or a multi mode optical fibre
having a diameter of about 0.25 mm, said optical fibre
being coated with a tight polymeric buffer coating (e.g.
made from polyamide).

[0039] Thewiresandtheopticalfibre unitwere bundled
together with a stranding pitch of 101 mm. The diameter
"D" of the bundle of wires and optical fibre unit, shown in
figure 1, was of about 5.17 mm. The overall diameter of
the phase cable, including the thickness of the insulating
layer, was 7.17 mm.

[0040] The hybrid cable also comprised an additional
insulated electrical conductor for operation of the cable
during the night period when the power request is sen-
sibly lower than during the day. Said additional insulated
electrical conductor had a cross-sectional area of 1.5
mm?2 and was formed of 24 copper wires having a diam-
eter of 0.259 mm. The copper wires were coated with an
insulation layer having a thickness of about 0.7 mm.
[0041] Each phase cable was manufactured by form-
ing, at first, 9 groups each consisting of 12 parallel wires
and then stranding them together, the optical fibre unit
being inserted in one group of wires in parallel with the
other wires of the group. The assembly was then coated
with an insulating layer to form a cable core or cable
phase. Three hybrid phase cables were grouped with the
additional insulated electrical conductor, as shown in fig-
ure 1.

[0042] The hybrid cable wastested underdifferentcon-
ditions of mechanical stress and temperature stress,
maintaining satisfactory data transmission property.
[0043] In detail, the measured attenuation coefficient
was 0.21 dB/Km at 1550 nm and 0.23 dB/Km at 1625
nm, thus complying with a required level of 0.5 dB/Km at
1550 nm, according to Standard IEC 60793 (Edition 5,
10-2003).

[0044] The hybrid cable was then tested under traction
stress by applying a load from 0 to 500 Kg to a cable
length of 32 m. Satisfactorily, it was found that the vari-
ation in the attenuation was only 0.05 dB/Km, complying
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with a required maximum attenuation increase of 0.2
dB/Km at 100 Kg of traction according to Standard IEC
60794-1-2 (Edition 2, 5-2003).

[0045] The cable was also tested under alternate flex-
ion by using a testing machine having a fixed pulley with
adiameter of 20 cm and a movable pulley with a diameter
of 48 cm. The weight applied to the cable on each side
was 26 Kg. The cable underwent 1.000 flexion cycles,
with a rate of 380 cycles/hour. Satisfactorily, it was found
that the increase of the attenuation was less than 0.025
dB, which is below a required maximum attenuation in-
crease of 0.2 dB according to Standard IEC 60794-1-2
(Edition 2, 5-2003).

[0046] The hybrid cable was also tested to repeated
bending by using a testing machine having a mandrel
diameter of 120 mm. The cable underwent 100 cycles
with bending of 90°. After the test, it was satisfactorily
found that the attenuation was below 0.05 dB (lower than
the required level of 0.2 dB) according to Standard IEC
60794-1-2 (Edition 2, 5-2003). No damages to the cable
were observed.

[0047] The cable was also tested under compression
by using two compression plates of 10 cm in length and
a load varying from 0 to 1000 Kg, increasing step by step
200 kg each time and waiting 4 minutes each step. The
increase of the attenuation was less that 0.05 dB, which
is well below the required level of 0.2 dB according to
Standard IEC 60794-1-2 (Edition 2, 5-2003). No damag-
es to the cable were observed. The cable was also tested
under impacts by applying a series of 5 impact of 9.8 J
with an impact surface having radius of 10 mm. The at-
tenuation increase was lower than 0.04 dB, which is well
below the required level of 0.2 dB according to Standard
IEC 60794-1-2 (Edition 2, 5-2003). No damages were
observed on the cable.

[0048] Lastly, the cable was tested under thermal
stress. A cable coil of 1300 m was placed in a climatic
chamber where the temperature was brought to -30° C
for 5 hours and then +70° C for 5 hours, repeating this
cycle twice. The variation of attenuation was measured
every minute, both at 1550 nm and at 1310 nm. It was
satisfactorily found that the maximum variation of atten-
uation was lower than 0.01 dB/Km at both wavelengths.
This result was within the required level of 0.2 dB/Km
according to Standard IEC 60794-1-2 (Edition 2, 5-2003).
No damages to the cable were observed. ***

[0049] The hybrid cable according to the present in-
vention can be dimensioned in different ways. For exam-
ple,a 10 mm?2 cable conductor can be formed of 69 elec-
trical conductor wires having diameter of 0.408 mm and
one optical fibre unit having diameter of 0.9 mm. The
stranding pitch of the bundle of wires and optical fibre
unit is 95 mm.

[0050] A further example is a 25 mm?2 cable conductor
which is formed of 168 conductor wires having diameter
of 0.408 mm and one (or more, up to 4) optical fibre unit
having diameter of 0.9 mm. The stranding pitch of the
bundle of wires and optical fibre unit is 120 mm.
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[0051] Even if the three phase cable of the example
has been shown having one or more optical fibre units
in each of the phase cables, a typical application com-
prises one or two optical fibre units in one phase cable
only, as is usually sufficient to optically connectone user.
[0052] Even if a preferred way of replacing the tradi-
tional cable with the hybrid cable of the invention com-
prises extracting the three phase cable in place in the
building and replacing with the hybrid three phase cable,
it can also be possible to extract a single phase cable (in
case the phase cables are not stranded together) and
replace such extracted phase cable with a hybrid phase
cable according to the invention. The preferred use of
the above described cables (10 mm?2, 16 mm? and 25
mm?2) is between the room where the power meters are
placed in a building (the room which normally is at the
bottom of the building) and each individual flat of the
building.

[0053] However, even smaller cable can be made ac-
cording to the invention, for example 0.50 mm?2 (16 con-
ductorwires), 0.75 mm?2 (24 wires), 1 mm2 (29 wires), for
the distribution of power and the transmission of data
within each flat of the building. Preferably, the wires and
the optical fibre units of these smaller cables are not
stranded.

[0054] It is now clear how the cable according to the
present invention achieves the above mentioned aims.
Particularly, the size of the cable is such that the cable
can be inserted in the raceways typically used for power
cables, thus allowing to distribute power and data without
requiring special masonry work to be done and further
raceways for the optical fibre units to be installed, thereby
replacing the existing power cables inside araceway with
a hybrid cable of the present invention which is installed
within the already existing raceway.

[0055] Moreover, the hybrid cable according to the in-
vention is capable to withstand the mechanical radialand
axial stresses (arising for example during an installation
along a tortuous path) maintaining a satisfactory data
transmission property through the optical fibre(s) of the
optical fibre unit.

[0056] The above description of embodiments apply-
ing the innovative principles of the present invention is
to be taken by way of example only and is not anyhow
limiting the scope of protection hereby claimed.

Claims

1. Low voltage hybrid cable (12, 13, 14) operating at a
voltage less than 1 kV, comprising an electrical con-
ductor (15, 23, 24) formed by a plurality of conductor
wires (24a) for power transmission, at least one op-
tical fibre unit (16, 21, 22) comprising at least one
optical fibre for data transmission, and an insulation
jacket (18, 25, 26) surrounding the electrical conduc-
tor and the optical fibre unit, characterized in that
the at least one optical fibre unit (16, 21, 22) is a tight
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buffer optical fibre unit and is dispersed among the
conductor wires (24a) of the electrical conductor (15,
23, 24), the diameter of said electrical conductor
wires (24a) being in the range between 0.1 mm and
0.6 mmand the number of said conductor wires (24a)
being at least 12 times the number of the at least
one optical fibre unit (16, 21, 22), the diameter of the
at least one optical fibre unit (16, 21, 22) being in the
range between 1 and 5 times the diameter of the
conductor wires (24a).

Hybrid cable according to claim 1, characterized in
that the electrical conductor wires (24a) and the at
least one optical fibre unit (16, 21, 22) are stranded
together to form a bundle of wires and optical fibre
units.

Hybrid cable according to claim 2, characterized in
that the bundle has stranding pitch at least 5 times
greater than the diameter (D) of the bundle.

Hybrid cable according to claim 1, characterized in
that the diameter of the optical fibre unit (16, 21, 22)
is at least twice the diameter of the electrical con-
ductor wires (24a).

Hybrid cable according to claim 1, characterized in
that the number of electrical conductor wires (24a)
is at least 18 times the number of optical fibre units
(16, 21, 22).

Hybrid cable according to claim 1, characterized in
that the diameter of the optical fibre unit (16, 21, 22)
is in the range between 0.6 mm and 1 mm.

Hybrid cable according to claim 1, characterized in
that the number of electrical conductor wires (24a)
is in the range between 16 and 3300.

Hybrid cable according to claim 7, characterized in
that the number of electrical conductor wires (24a)
is in the range between 72 and 238.

Hybrid cable according to claim 1, characterized in
that the number of optical fibre units (16, 21, 22) in
the cable is in the range between 1 and 4.

Hybrid cable according to claim 2, characterized in
that the stranding pitch of the bundle of electrical
conductor wires (24a) and optical fibre units (16, 21,
22) is in the range between 70 mm and 130 mm.

Hybrid three-phase cable (11) comprising three
phase cables (12, 13, 14), at least one phase cable
being a hybrid cable according to one of the claims
1-10.

Method for carrying out an electrical-optical wiring
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of a building having an electrical wiring comprising
at least one electrical cable installed in a respective
raceway of the building, the method comprising the
steps of

- uninstalling the electrical cable from the race-
way,

- installing in said raceway a low voltage hybrid
cable according to one of claims 1-11.

Patentanspriiche

1.

Niederspannungs-Hybridkabel (12, 13, 14), das bei
einer Spannung von weniger als 1 kV arbeitet, das
einen elektrischen Leiter (15, 23, 24) umfasst, der
durch eine Vielzahl von Leitungsdrahten (24a) zur
Energielibertragung gebildet wird, wenigstens eine
Glasfasereinheit (16, 21, 22), die wenigstens eine
Glasfaser zur Dateniibertragung umfasst, und einen
Isolationsmantel (18, 25, 26), der den elektrischen
Leiter und die Glasfasereinheit umgibt, dadurch ge-
kennzeichnet, dass die wenigstens eine Glasfase-
reinheit (16, 21, 22) eine Kompaktader-Glasfase-
reinheitist und unter den Leitungsdrahten (24a) des
elektrischen Leiters (15,23, 24) verteilt ist, wobei der
Durchmesser der elektrischen Leitungsdrahte (24a)
im Bereich zwischen 0,1 mm und 0,6 mm liegt und
die Anzahlder Leitungsdrahte (24a) wenigstens das
12 fache der Anzahl der wenigstens einen Glasfa-
sereinheit (16, 21, 22) betragt, wobei der Durchmes-
ser der wenigstens einen Glasfasereinheit (16, 21,
22) im Bereich zwischen dem 1 und 5 fachen des
Durchmessers der Leitungsdrahte (24a) liegt.

Hybridkabel nach Anspruch 1, dadurch gekenn-
zeichnet, dass die elektrischen Leitungsdrahte
(24a) und die wenigstens eine Glasfasereinheit (16,
21, 22) zusammen verseilt werden, um ein Biindel
aus Drahten und Glasfasereinheiten zu bilden.

Hybridkabel nach Anspruch 2, dadurch gekenn-
zeichnet, dass das Bindel einen Verseilungsab-
stand von dem wenigstens 5 fachen des Durchmes-
sers (D) des Blindels aufweist.

Hybridkabel nach Anspruch 1, dadurch gekenn-
zeichnet, dass der Durchmesser der Glasfaserein-
heit (16,21, 22) wenigstens das Doppelte des Durch-
messers der elektrischen Leitungsdrahte (24a) be-
tragt.

Hybridkabel nach Anspruch 1, dadurch gekenn-
zeichnet, dass die Anzahl der elektrischen Lei-
tungsdrahte (24a) wenigstens das 18 fache der An-
zahl der Glasfasereinheiten (16, 21, 22) betragt.

Hybridkabel nach Anspruch 1, dadurch gekenn-
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zeichnet, dass der Durchmesser der Glasfaserein-
heit (16, 21, 22) im Bereich zwischen 0,6 mm und 1
mm liegt.

Hybridkabel nach Anspruch 1, dadurch gekenn-
zeichnet, dass die Anzahl der elektrischen Lei-
tungsdrahte (24a) im Bereich zwischen 16 und 3300
liegt.

Hybridkabel nach Anspruch 7, dadurch gekenn-
zeichnet, dass die Anzahl der elektrischen Lei-
tungsdrahte (24a) im Bereich zwischen 72 und 238
liegt.

Hybridkabel nach Anspruch 1, dadurch gekenn-
zeichnet, dass die Anzahl der Glasfasereinheiten
(16, 21, 22) im Kabel im Bereich zwischen 1 und 4
liegt.

Hybridkabel nach Anspruch 2, dadurch gekenn-
zeichnet, dass der Verseilungsabstand des Bin-
dels von elektrischen Leitungsdrahten (24a) und
Glasfasereinheiten (16,21, 22) im Bereich zwischen
70 mm und 130 mm liegt.

Hybrides Dreiphasenkabel (11), das drei Phasenka-
bel (12, 13, 14) umfasst, wobei wenigstens ein Pha-
senkabel ein Hybridkabel nach einem der Anspru-
che 1-10ist.

Verfahren zum Ausfiihren einer Elektro-Glasfaser-
verkabelung eines Gebaudes mit einer elektrischen
Verkabelung, das wenigstens ein Elektrokabel um-
fasst, das in einem jeweiligen Leitungskanal des Ge-
baudes installiertist, wobei das Verfahren die Schrit-
te

- Deinstallieren des Elektrokabels von dem Lei-
tungskanal,

- Installieren in dem Leitungskanal eines Nie-
derspannungs-Hybridkabels nach einem der
Anspriiche 1 bis 11

umfasst.

Revendications

Cable hybride basse tension (12, 13, 14) fonction-
nant a une tension inférieure a 1 kV, comprenant un
conducteur électrique (15, 23, 24) formé par une plu-
ralité de fils conducteurs (24a) pour la transmission
d’énergie, au moins une unité de fibre optique (16,
21, 22) comprenant au moins une fibre optique pour
la transmission de données, et une enveloppe iso-
lante (18, 25, 26) entourant le conducteur électrique
et 'unité de fibre optique, caractérisé en ce que l'au
moins une unité de fibre optique (16, 21, 22) est une
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unité de fibre optique a protection intermédiaire ser-
rée et est dispersée parmi les fils conducteurs (24a)
du conducteur électrique (15, 23, 24), le diametre
desdits fils conducteurs électriques (24a) étant dans
laplage entre 0,1 mm et 0,6 mm etle nombre desdits
fils conducteurs (24a) étant au moins 12 fois le nom-
bre de 'au moins une unité de fibre optique (16, 21,
22), le diamétre de 'au moins une unité de fibre op-
tique (16, 21, 22) étant dans la plage entre 1 et 5 fois
le diamétre des fils conducteurs (24a).

Cable hybride selon la revendication 1, caractérisé
en ce que les fils conducteurs électriques (24a) et
au moins une unité de fibre optique (16, 21, 22) sont
toronnés ensemble pour former un faisceau de fils
et d’unités de fibre optique.

Cable hybride selon la revendication 2, caractérisé
en ce que le faisceau a un pas de toronnage au
moins 5 fois plus grand que le diamétre (D) du fais-
ceau.

Cable hybride selon la revendication 1, caractérisé
en ce que le diamétre de I'unité de fibre optique (16,
21, 22) est au moins deux fois le diamétre des fils
conducteurs électriques (24a).

Cable hybride selon la revendication 1, caractérisé
en ce que le nombre de fils conducteurs électriques
(242a) est au moins 18 fois le nombre d’unités de fibre
optique (16, 21, 22).

Cable hybride selon la revendication 1, caractérisé
en ce que le diamétre de I'unité de fibre optique (16,
21, 22) est dans la plage entre 0,6 mm et 1 mm.

Cable hybride selon la revendication 1, caractérisé
en ce que le nombre de fils conducteurs électriques
(244a) est dans la plage entre 16 et 3300.

Cable hybride selon la revendication 7, caractérisé
en ce que le nombre de fils conducteurs électriques
(24a) est dans la plage entre 72 et 238.

Cable hybride selon la revendication 1, caractérisé
en ce que le nombre d’unités de fibre optique (16,
21, 22) dans le cable est dans la plage entre 1 et 4.

Cable hybride selon la revendication 2, caractérisé
en ce que le pas de toronnage du faisceau de fils
conducteurs électriques (24a) et d’unités de fibre op-
tique (16, 21, 22) est dans la plage entre 70 mm et
130 mm.

Cable triphasé hybride (11) comprenant des cables
triphasés (12,13, 14), au moins un cable monophasé
étantun cable hybride selon 'une desrevendications
1a10.
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12. Procédé pour réaliser un cablage électrique optique
d’un immeuble ayant un cablage électrique compre-
nant au moins un cable électrique installé dans un
cheminde cablesrespectifde 'immeuble, le procédé
comprenant les étapes de :

- le retrait du cable électrique du chemin de ca-
bles,

- I'installation dans ledit chemin de cables d’un
cable hybride basse tension selon une des re-
vendications 1 a 11.
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