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OPTICAL CABLE UNIT

Description

Stainless steel tubes with optical waveguides are widely used, for instance in submarine
cables, in the metal screen of power cables and in overhead power lines (WO
96/31885, EP 0285 917, EP 0 286 804).

A method for manufacturing an optical cable unit, comprising a metal tube and
several optical waveguides therein is disclosed in US 5 768 762.

A metal tape of austenitic steel is gradually shaped into a lengthwise slotted tube, the
opftical waveguides are intfroduced into the still open slotted tube, the lengthwise
slotted tube is welded and the outside diameter of the welded tube is reduced.

From EP 1 184 128 it is known to produce metal tubes of copper by welding the seam
with a laser beam. Copper reflects the laser beam and it is therefor difficult, to input the
laser energy into the copper material. To solve this problem it is proposed to roughen
the region of the weld seam and apply a fluid hydrocarbon to the weld region.

Object of the invention is to improve an optical cable unit as described above with
respect to the electrical conductivity and extraprotection to environmental impacts
like hydrogen.

According to the invention the metal tube consists of two layers, the first inner layer
being of copper and the second outer layer being of austenitic steel. The longitudinal
seam of both layers is welded by a laser. The seams of the layers are in superimposed

alignment. Laser welding has been made by means of a COz laser.

According to one embodiment of the invention the metal tube is made of a laminate
of austenitic steel and copper.
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According to another embodiment of the invention the outer diameter of the metal
tube is from 2.5 to 4.0 mm and the wall thickness of the tube is from 0.2 to 0.3 and the
wall thickness of the copper layer is from 0.04 to 0.06 mm.

Another object of the invention is a method for producing an optical cable unit,
comprising a metal tube with a longitudinally welded seam and at least one optical
waveguide in the interior of the metal tube, wherein a metal tape is continuously
formed to a slotted tube the at least one optical waveguide is continuously put into the
still open slotted tube and the slot is closed by a laser welding unit.

In an embodiment of the method a laminated tape of a layer of austenitic steel and a
layer of copper is formed to a slotted tube, the slotted tube is welded by a CO2 laser,
whereby the heat brought into the layer of austenitic steel causes welding the seam of

the copper layer.

itis preferred, that the copper layer is on the inner side of the metal tube. In principle it
should not be possible to weld a copper tube by means of a CO: laser without any
special precaution but the induction heating from the steel welding process results in

welding of the copper as well.

The new solution requires only one welding station and welding of both copper and
steel is performed in the same process.

The present invention will be better understood from the following detailed description,
made solely by way of non-limiting example, with also referring to the figures of the
attached drawings, wherein:

Fig. 1is a perspective view of part of an optical cable unit (prior art).
Fig. 2is a side elevational view of a device for carnying out the method of the
invention; and

Fig. 3 is a cross-sectional view of an optical cable unit according to the invention.
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Turning first to Fig. 1, therein is illustrated a portion of an optical cable unit 1. The optical
cable unit 1 comprises optical waveguides 2 in a metal tube 3 which contains a
lengthwise welded seam 3a. The open space between the optical waveguides 2 and
the metal tube 3 can be filled with a filing compound to prevent water from migrating
lengthwise. The number of optical waveguides 2 is usually between six and twenty, but
can be up to 40. The optical waveguides 2 have a longer length {or overlength) than
the metal tube 3. This overlength is normally about 0.2 % to 0.3 %. The wall thickness of
the metal tube is 0.2 — 0.3 mm while its outside diameter is 2.5 - 4.0 mm. This is typical

data for an optical cable unit, which is used instead of a wire in a transmission cable.

As seenin Fig. 2, a tape 5 is continuously drawn from a supply reel 4 and fed to a
forming device 6, in which the tape 5 is shaped into a lengthwise slotted tube. Part of
this forming device 6 is a timming tool (not shown in detail), which is used to cut the
tape 5 to the required width. The forming tool 6 further comprises several sets of
shaping rollers (not shown in detail). The lengthwise slot of the slotted tube is closed by
a laser welding device 7 which forms the lengthwise seam 3a (Fig. 1). Precise guidance
of the slotted tube under the welding device 7 is provided by a first clamping tool 8
containing a number of clamping jaw pairs that surround the tube and are driven by
an endless chain. A tube reduction device 9, e. g. a drawing device in which the
diameter of the tube is reduced is located downstream of the first clamping tool 8. A
second clamping tool 10 is located downstream of the tube reduction device 9 and
grips the drawn tube and pulls it through the drawing device. The drawing speed of the
second clamping tool 10 with respect to the drawing speed of the first clamping tool 8
is controlled as a function of the tube's slack between the drawing device 9 and the
first clamping tool 8. A driven take-up reel 11 is located downstream of second
clamping tool 10, and the tube is wound several times around its periphery. The speed
of take-up reel 11 equals the take-up speed of the second clamping tool 10. A storage
reel 12is located behind take-up reel 11 and reels the cable 1 under a slight tension.

A supply device 14 for a number of optical waveguides 2 is located between the
supply reel 4 and the forming device 6 and is equipped with a number of spools 15
onto which the optical waveguides 2 are wound. The optical waveguides 2 are drawn
from the spools 15 and introduced into slotted tube before the welding device 7. A
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stationary metal tubelet {not shown) protrudes into the slotted tube as protection for
the sensitive optical waveguides 2, which are guided through it. At the earliest, the
metal tubelet releases the optical waveguides 2 behind the welding device 7. The
metal tubelet is concentrically surrounded by another metal tubelet (not shown). The
tube is filled with petroleum jelly under pressure through the annular gap formed by the
two concentric metal tubelets. To provide the optical waveguides 2 inside metal tube
3 with overlength, the welded metal tube is continuously and elastically strained, i. e.
expanded, between the second clamping tool 10, whose pairs of jaws securely grip
the welded metal and apply the deformation forces to produce the tube reduction,
and the take-up reel 11. This causes the take-up reel 11 to wind the same length of
metal tube 3 and opftical waveguides 2. The elastic strain "relaxes” on take-up reel 11
thereby shortening the metal tube 3 to its normal condition and providing the
overlength.

The elastic strain is caused by a force F, which deflects the welded metal tube
between the second clamping ool 10 and the take-up reel 11. This is achieved with a
weight 16, which is hung onto the metal tube, e. g. by means of a roller (not shown in
detail). The force F, i. e. the weight 16, determines the magnitude of the deflection and
thereby the magnitude of the expansion.

The force F may be caused by a roller (not shown) which deflects the tube in the same
direction as the weight 16.

With a specified geometry and by choosing the material for metal tube 3, a selection
of the force F can produce an exact overlength of the optical waveguide inside tube
3.

According to the invention the tape 5 is a laminate of austenic steel and copper and
the welding device is a COz laser. The COz laser welds the seam 13a of the austenitic
layer 13b of the metal tube 13 (Fig. 3). The welding heat which is input to the seam 13a
of the austenitic layer of the laminate penetrates the wall thickness of the layer 13b
and causes the edges of the copper layer 13c to be welded together. The welding

seam 13d of the copper layer 13c is free of voids as is the welding seam 13a of the
layer 13b.

in a preferred embodiment of the invention the laminated tape has a wall thickness of
0.25 mm. The wall thickness of the copper layer 13c is 0.05 mm.
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Claims

Optical cable unit comprising a metal tube with a longitudinal laser-welded seam
and at least one optical waveguide in the interior of the metal tube, the metal tube
consisting of two layers, characterized in that the first inner layer (13c¢) consists of
copper and the second outer layer (13b)} consists of austenitic steel and that the
longitudinal seam (13a) of both layers (13b,13c) is laser welded and that the seams
of the layers {13b,13c} are in superimposed alignment, laser welding has been
made by means of a COz laser.

Optical cable unit according to claim 1, characterized in that the metal tube (13)
consist of a laminate of austenitic steel and copper.

Optical cable unit according to claim 1 or 2, characterized in that the outer
diameter of the metal tube (13) is from 2.5 to 4.0 mm and its wall thickness is from 0.2
to 0.3 mm and that the wall thickness of the copper layer (13c) is from 0.04 to 0.06
mm.

Method for producing an optical cable unit comprising a metal tube with a
longitudinally welded seam and at least one optical waveguide in the interior of the
metal tube, wherein a metal tape is continuously formed to a slotted tube, the at
least one optical waveguide is continuously put into the still open siotted tube and
the slot is closed by a laser welding unit, characterized in that a laminated tape of a
layer of austenitic steel and a layer of copper is formed to a slotted tube, that the
seam of the slotted tube is welded by a COz laser, whereby the heat brought into
the seam of the layer of austenitic steel causes welding the seam of the copper
layer.

Abstract

Optical cable unit comprising a metal tube with a longitudinal laser-welded seam
and at least one optical waveguide in the interior of the metal tube, the metal tube
consisting of two layers, characterized In that the first inner layer (13c) consists of
copper and the second outer layer (13b) consists of austenitic steel and that the
longitudinal seam (13a) of both layers (13b,13c) is laser welded and that the seams
of the layers (13b,13c) are in superimposed alignment, laser welding has been
made by means of a COz laser.
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Fig. 2
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