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Summary of the Invention Background of the Invention
It is therefore an object of the present Invention to provide an
optical-fiber incorporated longer-sized This invention relates to an
underwater cable   5   subaqueous unit having such a construction as
according to the preamble of the claim 1 or 5.     described above, wherein
the longer-sized sub- Such a cable incorporates optical fibers and can be
aqueous unit is so arranged as to prevent any combined with a power cable,
water supply tube,    buckling that would affect the optical fiber unit or
the like to be laid down on the bottom of the   during the bending
operation of the longer-sized water. Such a cable is known from EP-A-0 321
262.  10  subaqueous unit. The buckling here mentioned is critical for an
optical fiber, while any local bending Description of the Prior Art
or so-called microbend causes an optical fiber to be deteriorated in its
transmission characteristic. A conventional counterpart of the invention,
for   Such an optical-fiber incorporated longer-sized example, an
optical-fiber incorporated submarine   15  subaqueous unit, designed to
prevent any buckling power cable is constructed in such a manner that a
therewith, has the following features. plastic sheath made of polyethylene,
vinyl chloride,   The optical-fiber incorporated longer-sized sub- or the
like having on its periphery a spiral or    aqueous unit is characterized
in that optical fiber lengthwise groove is provided on the periphery of a
units are arranged inside the plastic sheath pro- single-core or three-core
cable, wherein an optical  20  vided on the periphery of the main body of
the fiber is embedded into the groove and armouring    longer-sized
subaqueous unit such as a power ca- iron wires are further provided outside
the plastic  ble or water supply tube, each optical fiber unit sheath, or
alternatively that an optical fiber cable is  including an optical fiber
accommodated in a metal provided in the form of spiral or SZ strand on the
pipe having on its periphery a coating layer made periphery of a power
cable, whereon a plastic  25  of a plastic material with a melting point
higher sheath and, further outside thereof, armouring iron  than that of
the material of the above-mentioned wires are provided. Commonly, in the
case of a     plastic sheath, and armoring iron wire bundles are three-core
cable, an optical fiber is inserted into  further provided outside thereof.
idle spaces between the cable cores for composi-       Such an arrangement
of the longer-sized sub- tion.                                         30
aqueous unit enables the prevention of any buck- However, the optical fiber
is weak in mechani-  ling in the optical fiber units which would occur cal
strength in general, buckling being critical   along with the bending of
cable or water supply therefor. Moreover, local bending or so-called
tube, thus allowing a stable performance of the microbend causes the
transmission characteristic   longer-sized subaqueous unit to be retained
over a of an optical fiber to be deteriorated remarkably.  35  prolonged
period. In some cases where an optical fiber is limited    In the case of a
submarine powder cable, both in length due to the bobbin of a rolling
device or  the plastic sheath of the cable and the plastic the like so that
the optical fiber cannot be com-  coating layer of the optical fiber unit
or only the bined with a power cable in a series of length, the  plastic
coating layer of the optical fiber unit may be optical fiber needs to be
joined with another. Other-  40  of a layer having electrically low
conductive prop- wise, when power cables are involved in factory    erties
so that any abnormal induced potential due joining, it is also required for
optical fibers to be  to an aggressive surge will be prevented from joined
at the same time.                           occurring in the metal pipe of
the optical fiber unit, Thus, it is necessary to accommodate the join-
thus avoiding the possibility of the insulation de- ing margins on a power
cable or all along within  45  struction of the coating layer of the metal
pipe. the groove on a plastic sheath with optical fibers     Another object
of the invention is to provide an having been joined and permitting the
incorporation  optical-fiber incorporated longer-sized subaqueous thereof
without any microbend. This technique has  unit permitting optical fibers
to be simply joined, been the largest bottleneck in manufacturing op-
characterized in that an optical fiber unit including tical fiber units.
That is, optical fibers, when joined,  50  an optical fiber accommodated in
a metal pipe are required to be away from the power cable main  having a
plastic coating layer on its periphery is body. The marginal portion for
this purpose in-    wound on the outside of the plastic sheath pro- volves
a most difficulty to be accommodated with-  vided on the periphery of a
main body of a longer- out deteriorating the performance of the optical
sized subaqueous unit such as a power cable or fiber. Further, when a
plurality of optical fibers are  55   water supply tube, and armoring iron
wire bundles used, different margin lengths thereof will almost  are
further provided outside thereof. prohibit them from being accommodated.
Such an arrangement of the longer-sized sub- aqueous unit in which optical
fiber units are inter- 3  



3                 EP 0417 784 B1                    4 posed on the plastic
sheath provided on the pe-   70 mm outer diameter power cable core in the
riphery of the main body of the longer-sized sub-  form of spiral at
pitches of 70 multiplied by 7 to 12, aqueous unit enables optical fibers to
be joined  with polyethylene sheath provided thereon, when independently of
any factory joining of the longer-  we subjected the units to 20 times of
reciprocating sized subaqueous units, and further permits optical   5
bending at a radius of 70 mm X 20 = 1400 mm fibers solely to be joined
irrespectively of joining  and examined the optical fibers and metal
sheaths, excess length, margin, or rejoining from failure.  it was observed
that several to 10 odd optical fiber units yielded any fracture. Hence, it
was found that Brief Description of the Drawings                the metal
pipe is weak in buckling strength and 10  therefore low in stiffness as
primarily accounting for Fig. 1 is a transverse sectional view of an em-
the above result. bodiment of an optical-fiber incorporated subma-   For
this reason, we additionally provided a rine power cable according to the
present inven-  polyethylene coating layer on the periphery of a tion;
metal pipe as a reinforcement therefor. Since an Fig. 2 is a transverse
sectional view of an em-   15  excessively thick polyethylene coating layer
will bodiment of an optical fiber unit in the invention;  cause an
excessively large outer diameter of the Fig. 3 is a transverse sectional
view of another  metal pipe and undesirably make the stage gaps of
embodiment of the optical-fiber incorporated   the optical fiber units
externally apparent when a submarine power cable according to the inven-
polyethylene sheath is provided on the arrange- tion;
20  ment of the optical fiber units, the thickness of the Figs. 4 and 5 are
both transverse sectional     polyethylene coating layer was designed to be
0.5 views of embodiments of optical-fiber incorpo-  to 1.0 mm, the outer
diameter of an optical fiber rated subaqueous water supply tubes according
unit being 2 to 3 mm. Then, as shown in Figs. 7 (a) to the invention;
to (d), we fabricated prototypes of the optical fiber Fig. 6 is a
transverse sectional view of a further  25  incorporated units in two
types, one having only embodiment of the optical-fiber incorporated
optical fiber units (3) wound thereon and the other submarine power cable
according to the inven-   having both optical fiber units (3) and nylon
string tion;                                           spacers (4) wound
together and further polyethyl- Figs. 7 (a) to (d) are all explanatory
views for  ene sheath provided thereon. experiments with regard to the
arrangement of  30  We subjected such products to bending tests optical
fiber units;                            and thereafter dismantled for
examination. The fol- Fig. 8 is a transverse sectional view of an em-
lowing are findings thus obtained. bodiment of an optical-fiber
incorporated longer-  (1) The polyethylene coating layer of the optical
sized subaqueous unit according to the inven-     fiber units proved to
have partly fused out or tion;                                      35
deformed due to the extrusion temperature of Fig. 9 is a general
explanatory view of the       the polyethylene sheath (where in general
poly- manufacturing method for an optical-fiber incor-  ethylene has a
melting point of 120 to 130  C porated longer-sized subaqueous unit
according    and is extruded as a coating layer at around to the invention;
and                             200 C), not serving as an effective
reinforce- Fig. 10 is a transverse sectional view of an   40  ment;
embodiment of an optical fiber unit according to  (2) The cases of Figs. 7
(c) and (d) showed the invention.
relatively desirable results with comparatively less effect as in the
preceding item (1), whereas Detailed Description of the Invention
some optical fiber units 3 were involved in the 45     occurrence of
aforementioned buckling, proving We inventors for the present application
made    to be still insufficient in reinforcement and so in a variety of
trials and considerations in order to find  stiffness to obtain stable
products in mass pro- out a construction of the optical-fiber incorporated
duction; longer-sized subaqueous unit having optical fiber   (3) In
contrast between the sparse winding as in units to be most simply
incorporated with a main  50  Figs. 7 (a) and (b) and the dense winding as
in body such as a power cable core or a plastic water   Figs. 7 (c) and
(d), it proved that the dense supply tube and yet to be free of any
deterioration  winding shows more uniform movement of the in the mechanical
and transmission characteristics  optical fiber units 3 against the
bending, further of the optical fiber.
suppressing the occurrence of local buckling; With such an arrangement that
30 pieces of  55    and approximately 1.0 mm outer diameter metal pipes
(4) The nylon string spacers 4 did not show any each having an optical
fiber accommodated therein   abnormalities. 



were wound on a lead sheath of an approximately 4    5
EP0417784B1                         6 In view of these results, we reached
a conclu-  tional technology for submarine cables. sion that as the coating
layer on a metal pipe for     We subjected such cables to 20 times of
recip- optical fibers it is most desirable to use a plastic  rocating
bending at a radius of 20 times the outer material having a higher melting
point and higher  diameter of the armoring wire, looking into the stiffness
than those of polyethylene used as the   5   degree of damage in the
optical fiber units. Then, plastic sheath for the power cable core. Then,
in  every arrangement proved to be more or less Figs. 7 (a) to (d), we
performed like experiments  sound but, more precisely, the structure of
dense with the polyethylene coating layer on a metal pipe  winding showed
more stable and better results as of the optical fiber units 3 replaced by
a nylon   expected. coating layer.                                10
Subsequent to this, we exercised transverse It was found that any
arrangement shown in      stress and crashing for examining the yield Figs.
7 (a) to (d) shows a satisfactory result. Fur-  strength of optical fiber
units. The result was that ther looking into the difference among (a) to
(d)  although both arrangements had sufficient perfor- proved that the
arrangements of (c) and (d) are    mance, the arrangement of Fig. 7 (c)
showed a here also superior to others and that, when the   15  higher yield
strength of optical fiber units since its cables were further subjected to
the exercise of   pressure was shared with nylon string spacers to a
transverse stress and crashing, the arrangements   higher amount than in
the arrangement of Fig. 7 of (c) and (d) are still superior. Performing
like  (d), thus the arrangement of Fig. 7 (c) being prefer- experiments
with other materials such as poly-     able in cases where lateral pressure
is greater. In butene, polypropylene, and FRP, the results were  20  other
cases where the lateral pressure performance the same as with nylon. In
particular, FRP proved  is not involved, however, it is preferable to have
the to be superior as high in mechanical strength and  same diameter in
both optical fiber units and nylon good in stiffness characteristic.
string spacers as shown in Fig. 7 (d), facilitating the Subsequently, we
performed like bending tests   production and reducing the number of
winding as above with armoring iron wires provided on the   25  units as
much as possible, with increased pro- polyethylene sheath, whereas the
foregoing conclu-  ductivity. Further, in such a case where the lateral
sions remained unchanged.                          pressure performance may
be low, even both the Based on the results obtained heretofore, we
arrangements of Figs. 7 (a) and (b) will do and performed further
experiments with the optical fiber  contribute to economy. These variations
can be units wound on the polyethylene sheath for the   30  selected
depending on working conditions. power cable. In this experiment, the
thickness of     In addition, the coating material applied onto the coating
layer of the optical fiber unit was 0.5 to  the serving layer of
polypropylene yarn as an out- 1.0 mm and the outer diameter of the optical
fiber  most layer proved to have no effect on the nylon, unit was 2 to 4
mm. In this case, in addition to   polybutene, and polypropylene as plastic
coating prototypes with the sparse winding shown in Figs.  35  layers for
optical fiber units. 7 (a) and (b), we fabricated those of the dense
Furthermore, the cable shaving such arrange- winding structure shown in
Figs. 7 (c) and (d) in  ments would be subject to penetration of sea water
which nylon string spacers were added to the op-   or the like through
armoring wires up to optical tical fiber units. It seemed that the dense
winding  fiber units. As to the resistance against the sea with armoring
iron wires provided thereon would be   40  water, although polyethylene has
been most widely subject to less biased load of the external force  used
and proven to involve no problems, nylon, from the armoring iron wires and
moreover less     polybutene, and polypropylene also have been local
bending or movement in the optical fiber     verified to be successful in
the long-time immer- units, thus preferably suppressing the occurrence
sion elongation and rupture stress lowering tests. of any local
abnormalities.                    45   However, there are some cases where
polyethyl- In the case of Fig. 7 (c), when the diameter of  ene is
preferable to nylon in the environment in the an optical fiber is within
the range of 2 to 4 mm,  vicinity of sea water surface involving effect of
the outer diameter of a nylon string spacer was 3  ultraviolet rays,
wetting due to sea water, and re- to 6 mm, increased by 1 to 2 mm. In
another case   peated drying. In such a case, it is desirable to of Fig. 7
(d), both the diameters of optical fiber  50  apply an additional coating
layer of polyethylene units and nylon string spacers were of a kind, 2 to
with a thickness of approximately 0.5 to 2.0 mm 4 mm. In both cases, the
winding pitches were      outside the nylon coating layer in addition to
the made 7 to 12 times larger than lower diameters of  coating layers of
the nylon string spacers and the concentrated portions of the optical fiber
units,  optical fiber units. 



and thereon a winding layer of polypropylene yarn  55  In both the
arrangements described above, the as a seat, a single armoring iron wire
having an   method of winding optical fiber units and nylon outer diameter
of 8 mm, and a serving layer of     strings may be SZ strand, equivalent to
the spiral polypropylene yarn were provided, like a conven-   winding in
essence, whereas the spiral winding 5    7                 EP0417784B1
8 method is preferable to that of SZ strand in view of  marine power cable
according to the invention. production facilitation.
This embodiment has the same construction as in Fig. 1 is a transverse
sectional view of a pre-  the embodiment in Fig. 3 except that on the wind-
ferred embodiment of an optical-fiber incorporated  ing layer of the
optical fiber units 3 and plastic submarine power cable according to the
present   5   spacers 4 there are provided a metal tape layer 9 invention.
such as a copper tape, iron tape, or stainless tape. In Fig. 1, reference
numeral 1 denotes a power     With submarine power cables, some kinds of
cable core body; 2 indicates a metal sheath such   surges will come
therein: for example, (1) a switch as lead sheath for the power cable; 3
represents an  surge is involved when an onshore switch is op- optical
fiber unit wound on the periphery of the   10  erated and (2) a thunder
impulse is involved when metal sheath 2 in either sparse or dense winding
there occurs a thunderbolt to overhead power lines along with a plastic
spacer 4 such as a nylon string  connected at both ends of the submarine
power spacer, where the plastic spacer 4 may be omitted  cable (these surge
and impulse are hereinafter as only optical fiber unit 3 being wound; and
refer-  generically referred to as surges). ence numerals 5, 6, 7, and 8
denote a presser  15      When a surge comes into the conductor and winding
tape, a plastic sheath of polyethylene and  metal sheath of the submarine
power cable, there the like, an armoring wire, and a serving layer of  may
be generated a great potential in the metal polypropylene yarn or the like,
respectively.       substance wound lengthwise on the outside of the As
shown in Fig. 2, the optical fiber unit 3 is so  cable core. In the case of
submarine power cables, constructed that the unit has an optical fiber 32
20  these metal substances are normally grounded at accommodated in a metal
pipe 31 of stainless pipe  their both ends to a zero potential, whereas the
or the like having on its periphery a coating layer  longer the cable the
proportionally greater the po- made of a material with a higher melting
point than  tential, and the farther the cable away form the that of the
above-mentioned polyethylene sheath 6,  grounded point the greater the
potential there may for example, nylon, polybutene, or polypropylene.    25
be developed more likely. With armoring iron wires, Fig. 3 is a transverse
sectional view of another  they are free of such a great potential owing to
embodiment of the optical-fiber incorporated sub-  being grounded uniformly
to sea water. In the case marine power cable according to the invention. In
of the optical fiber units according to the present this embodiment, on the
metal sheath 2 on the      invention, which are corrosion protected with a
power cable core there is provided a plastic sheath  30  plastic material
to avoid sea-water corrosion, the 6 of polyethylene or the like, and the
optical fiber  greater potential may be developed according as units 3
shown in Fig. 2 are wound either sparsely  the cable is farther away from
the grounded points or densely thereon solely or together with the plas-
at both ends thereof, as stated above, so that the tic spacers 4. Further
thereon, there are provided a  cables may undergo an electric breakdown due
to presser winding tape 5, armoring iron wire bundles   35   a great
potential exceeding the dielectric strength 7, a serving layer 8, and the
like.                of the plastic coating layer, resulting in any corro-
Fig. 4 is a transverse sectional view of an     sion in the metal pipe due
to internal aggression of embodiment of an optical-fiber incorporated sub-
sea water or any damage in the optical fiber due to marine water supply
tube according to the inven-   the energy of the electric breakdown. tion.
The water supply tube is constructed in such   40  For these problems, the
following counter- a manner that optical fiber units 3 are wound
measures may be taken: sparsely or densely on the periphery of the water
(1) When optical fiber units 3 are incorporated supply tube 10 formed of
polyethylene pipe or the     inside the plastic sheath 6 for the cable, as
like together with the plastic spacers 4 made of      shown in Fig. 1, both
the plastic coating layer 33 nylon string as in the aforementioned power
cable,  45    for coating the outside of the optical fiber unit 3 and
thereon there are provided a presser winding      and the plastic sheath 6
for the cable are con- tape 5, plastic sheath 11 of polyethylene or the
like  stituted electrically low conductive in order that and, further
thereon, armoring wires 7, serving lay-  a surge induced potential may be
dissipated er 8, and others.                                     over the
entire length of the cable in a sequence Fig. 5 is a transverse sectional
view of another  50  of the metal pipe 31 of the optical fiber unit 3 -
embodiment of an optical-fiber incorporated sub-      plastic coating layer
33 of the optical fiber unit 3 



aqueous water supply tube according to the inven-     - plastic sheath 6
for the cable - sea water, thus tion, wherein the tube differs from that of
Fig. 4 in  preventing the surge voltage from increasing; that the outer
polyethylene sheath 11 is omitted,     and while armoring wires 7 are
provided on the winding  55    (2) When optical fiber units 3 are
incorporated layer of the optical fiber units 3.                   under
the armoring wires 7 on the plastic sheath Fig. 6 is a transverse sectional
view of a further  6 for the cable, as shown in Fig. 3, the plastic
embodiment of the optical-fiber incorporated sub-     coating layer 33 for
the optical fiber unit 3 is 6    9                 EP 0 417 784 B1
10 constituted by a substance having electrically  and should be made of a
material similar in quality low  conductive properties independently of
to or having a higher hardness than the plastic whether the plastic sheath
6 for the cable has  coating layer for the optical fiber unit 3, for exam-
electrically low conductive properties or not,  ple, nylon for the best
use. thus allowing the same effect as in the preced-   5  Such an
arrangement of the longer-sized sub- ing article (1) to be obtained.
aqueous unit in which optical fiber units 3 are To ensure the above effect,
as shown in Fig. 6,  located on the plastic sheath 6 provided on the it is
much desirable to provide a metal tape layer 9  periphery of the main body
of the longer-sized on the outside of and in direct contact with the
subaqueous unit enables the optical fibers to be arrangement layer for
optical fiber units 3 with the  10  joined independently of any factory
joining of long- electrically low conductive plastic coating layer 33
er-sized subaqueous unit main bodies, and further, provided, thereby
enabling the grounding resis-   optical fibers solely to be joined
irrespectively of tance between the plastic coating layer 33 for the
joining excess length, margin, or rejoining from optical fiber unit 3 and
sea water to be decreased.  failure. The method of joining need not to be
spe- As described heretofore, according to the op-  15  cifically defined.
tical-fiber incorporated longer-sized submarine unit  Now the optical-fiber
incorporated longer-sized of the present invention, the optical fiber unit
can  subaqueous unit including optical fiber units having be prevented from
any buckling that would occur   such a construction as state above is
described from bending of the cable or water conveyance     with regard to
its manufacture. tube, thereby enabling a long-life stable perfor-  20  In
manufacturing such an optical-fiber incor- mance of the submarine cable
unit to be retained.  porated longer-sized subaqueous unit as above, In a
submarine power cable, both the plastic   the optical fiber units 3 are
incorporated onto the sheath for the cable and the plastic coating layer
main body 1 of the longer-sized subaqueous unit for the optical fiber unit
or only the plastic coating  by means of an armoring wire machine, wherein
layer for the optical fiber unit may be of a layer  25  the winding of
optical fiber units 3 and armoring having electrically low conductive
properties so that  iron wire bundles 7 are carried out in tandem. any
abnormal induced potential due to an aggres-      Fig. 9 is a general
explanatory view showing an sive surge will be prevented from occurring in
the  example of manufacturing method for an optical- metal pipe of the
optical fiber unit, thus allowing  fiber incorporated longer-sized
subaqueous unit. the optical fiber to be utilized effectively as it is  30
In Fig. 9, a main body 21 of an optical-fiber without being affected by
such a potential.       incorporated longer-sized subaqueous unit pro- Here
can be seen another advantage of this     vided with a factory joining
portion 21a has a invention in that utilizing an optical fiber unit as
plastic sheath on its periphery. A rotating cage 22 mentioned above will
make it easy to join optical  is provided with a bobbin 22a on which an
optical fibers. This is explained below in detail.   35  fiber unit 3 and a
plastic string spacer 4 are wound, In Fig. 8, reference numeral 1 denotes a
core  the cage being rotated concentrically about the body of an
optical-fiber incorporated longer-sized  main body 21 of the longer-sized
subaqueous unit, subaqueous unit such as a single-core or three-   thereby
having the optical fiber unit 3 and plastic core power cable or a water
supply tube, and      string spacer 4 wound thereon at a pitch of, for
provided thereon is a plastic sheath 6 of polyethyl-  40  example, 6 to 15
times the pitch diameter thereof ene, vinyl chloride or the like. On the
periphery of  using a batten plate and die 23. As another way for the
plastic sheath 6 there are wound optical fiber  this step, the optical
fiber unit 3 and plastic string units 3 in the form of spiral, SZ strand,
or the like,  spacer 4 may be SZ stranded to be incorporated wherein
plastic string spacers 4 of nylon strings, if  by SZ rotating the batten
plate and die 23 with the necessary, are interposed between the optical
fiber  45  supply bobbin 22a fixed. Otherwise, as a further units 3 to give
a dense winding. On the winding   method, with a necessitated number of
concentric layer of the optical fiber units 3 there are provided  winding
bobbins prepared in place and having the a presser winding tape 5 and a
seat 50 of poly-   optical fiber units 3 and plastic string spacers 4 



propylene yarn and further provided thereon are   wound thereon, the
bobbins can be rotated to wind armoring iron wire bundles 7 using a lot of
iron  so  up or SZ strand the optical fiber units 3 and plastic wires and a
corrosion protective layer 8 of poly-  string spacers 4 to be incorporated,
where the propylene yarn. In addition, the optical fiber units 3  bobbins
used can be larger than the rotating cage are of the aforementioned
arrangement.            shown in Fig. 9, rendering longer the length of a
While the plastic string spacer 4 may be of    series of the optical fiber
unit 3 and spacer 4. either a round or square type, it is preferably of an
55  Then, with the optical fiber units 3 and spacers outer diameter
slightly larger than that of the op-  4 thus incorporated onto the main
body 21 of the tical fiber unit 3 so as to prevent the optical fiber
longer-sized subaqueous unit, the presser winding unit 3 from being subject
to direct external force  tape 5 and seat 6 are provided using a tape wind-
7    11                EP 0 417 784 B1                   12 ing device 23
and a polypropylene yarn winding    in diameter and therefore extremely low
in heat device 24, and moreover armoring iron wires 7 are  capacity, when
the metal pipe is coated by ex- provided using an iron wire cage 26 and the
die 27.  trusion with nylon or the like, the optical fiber 32 By
incorporating the optical fiber unit 3 and  will be subject to a
temperature increase up to the plastic string spacer 4 onto the
longer-sized sub-   5   plastic extrusion temperature immediately after its
aqueous unit as shown above, the longer-sized     extrusion. In the case of
nylon, for example, it is subaqueous unit main body 1 can be joined with
required to extrude the coating material at a tem- another in an ordinary
manner independently. Fur-  perature of around 230 to 300 C, far higher
than thermore, the optical fiber unit 3 and spacer 4 can  that of
polyethylene. Form the results of experi- be also joined with other ones at
discretion in-  10   ments, it was found that there are some cases
dependently of the main body core 1, so that the  where these materials
extrusion coated can heat required joining excess length thereof may be
affect the accommodated optical fiber 32 itself, properly treated by
releasing or rewinding the rel-  causing some optical fibers to be
increased in their evant bobbin having them wound on, thus eliminat-
transmission loss. An embodiment shown below is ing the need of
accommodating the marginal op-  15  to provide an optical fiber unit which
has solved the tical fiber units as conventionally, with a substan-  above
problems with the characteristics of the tially great effect. This is of
course also effective  high-melting-point material such as nylon still
alive, even if any larger diameter is involved in factory  characterized in
that on the outside of the metal joining portions in the longer-sized
subaqueous   pipe having optical fibers accommodated therein, unit, by
enabling the optical fiber unit and spacer to  20  there is provided a
coating layer of a plastic ma- be naturally wound thereon.
terial having a higher melting point than polyethyl- It is further
effective to have the optical fiber  ene with a heat insulating layer
interposed there- units 3 and spacers 4 in dense winding and make
between. the outer diameter of the spacer (or the height for a  Fig. 10 is
a transverse sectional view of an square type) slightly larger than that of
the optical  25  embodiment of an optical fiber unit according to fiber
unit 3 (for example, a diameter of 3.0 mm for  the invention. the optical
fiber unit and that of 3.5 mm for the    In Fig.10, a metal pipe 31 made of
stainless or spacer), thereby preventing the optical fiber unit 3  the like
has an optical fiber 32 accommodated from being damaged by winding external
force      therein, and on the periphery of the metal pipe 31 from the
armoring wires or lateral pressure in pass-  30  there is provided a heat
insulating lever 301, with a ing through a sheave or the like.
coating layer 33 made of a plastic material such as With the arrangement as
described above, any   polypropylene, polybutene, or nylon, having a high-
type of optical-fiber incorporated longer-sized sub-  er melting point than
polyethylene, wherein jelly aqueous unit can be easily manufactured without
may be charged in the metal pipe 31 as required. any trouble in joining
optical fibers.      35        For the heat insulating layer 301, a plastic
As shown heretofore, according to the optical-  material is used which has
a melting point lower fiber incorporated longer-sized subaqueous unit of
than that of polyethylene, foaming polyethylene, the present invention, the
longer-sized subaqueous  polyvinyl chloride or the like. unit can be
manufactured independently of joining    In the case where foaming
polyethylene is the optical fibers and the main body of the longer-  40
used as the heat insulating layer, in extruding the sized subaqueous unit.
coating layer 33 outside thereof, a sufficient evacu- Further in this
arrangement, the optical fiber  ation is to be performed immediately before
the units can be incorporated into the longer-sized   insertion into the
crosshead of the extruding ma- subaqueous unit in tandem with the armoring
wires,  chine, thereby not only increasing the effect of the thereby
excluding any addition of incorporating   45  heat insulating layer but
also preventing blisters 



processes.                                        from occurring in the
coating layer due to air blow Next, described below is an optical fiber
unit  expansion in the heat insulating layer 301 during such as stated
above having a high-melting-point  the extrusion of the coating layer 33.
material, for example, nylon coated on the outside   When the coating layer
33 is extruded onto the of a metal pipe in which optical fiber units are
50  heat insulating layer 301, the core coated up to the accommodated,
wherein the optical fiber unit has  heat insulating layer 301 is to be
sufficiently cooled been devised so as to prevent any reduction in the
immediately before the insertion into the cross- transmission loss of the
optical fiber that would be  head. On the other hand, the cooling
immediately involved in coating the above high-melting-point  after the
extrusion of the coating layer 33 is to be material.
55  performed using cooling water or such that a cool- With an optical
fiber unit mentioned above,    ant having been cooled through a cooler is
made since the metal pipe 31 having the optical fiber 32  use of for an
instantaneous cooling immediately accommodated therein is an approximately
1 mm     after the extrusion so that the extrusion tempera- 8    13
EP0417784B1                          14 ture of the coating layer 33 may
not affect the      Claims optical fiber. In addition, the thickness of the
heat insulating  1. An underwater cable incorporating optical-fi- layer 301
is to be not more than 1 mm and the            bers said cable comprising:
thickness of the coating layer 33 applied thereon is   5  a longitudinally
extending central core body to be approximately 1.5 to 3 mm.
(1); As described above, according to the optical          a plastic sheath
(6) provided on the periphery fiber unit of the present invention, the
optical fiber   of said core body (1); unit is provided with a coating
layer made of a          a layer comprising a plurality of optical fiber
plastic material having a higher melting point than   10  units (3) wound
on the outside of said plastic polyethylene on the outside of the metal
pipe hav-       sheath (6), each of said optical fiber units (3) ing
optical fibers accommodated therein through a        including an optical
fiber (32) accommodated heat insulating layer interposed therebetween, so
in a metal pipe (31); and that the optical fibers accommodated in the metal
a plurality of armouring iron wire bundles (7) pipe will not be affected by
the extrusion tempera-   15  provided on the periphery of said layer of
ture of the coating layer.                               optical fiber
units (3) wound on the outside of Since the optical fiber unit is provided
on its      said plastic sheath (6); outside with a coating layer made of
plastic ma-         characterized in that terial having a melting point
higher than that of        the metal pipes (31) have a plastic coating
polyethylene, such an optical fiber unit is not af-  20  layer (33) on
their periphery as a reinforcement fected by the extrusion temperature of
polyethyl-        therefor. ene even if it is combined with a power cable,
plastic water conveyance tube, or the like in the    2. A cable as claimed
in claim 1, wherein said form of winding or SZ strand with a polyethylene
core body (1) is a power cable core, and sheath provided thereon.
25       wherein said plastic coating layer (33) on the The optical fiber
unit is therefore extremely         periphery of said optical fiber unit
(3) has elec- effective when utilized for optical-fiber incorporated
trically low conductive properties. power cables, optical-fiber
incorporated water con- veyance tubes or the like.
3. A cable as claimed in claim 1 or claim 2, Meanwhile, even in a submarine
cable pro-   30        wherein the material of said metal pipe (31) vided
with optical fiber units having a coating ma-      having said optical
fiber (32) accommodated terial such as nylon, or further having a heat in-
therein is stainless steel and directly thereon sulating material, there is
a possibility that, as in a  there is provided an anticorrosive compound.
conventional submarine cable, its serving layer 8 is subject to immersion
of sea water so that the metal  35   4. A cable as claimed in claim 2,
wherein the pipe 31 of the optical fiber unit may come in
material of said metal pipe (31) having said contact with sea water
microscopically. In such a        optical fiber (32) accommodated therein
is case, if the contact is made over the entire metal       stainless steel
and directly thereon there is pipe uniformly and moreover water content in-
provided an electrically conductive anticor- volved is in the state of
particulates, there arises no   40  rosive compound. problem, while if the
metal pipe includes some regions in which the contact is locally made and
5. An underwater cable having incorporated op- 



others in which no contact is made, or if the metal      tical-fibers said
cable comprising: pipe is in contact with sea water in varied volumes
a longitudinally extending central core body thereof, with the result that,
for example, sea water   45  (1); exists locally as water droplets, there
arises a prob-   a plastic sheath (6) surrounding said core body lem that
so-called crevice corrosion occurs locally.     (1); To solve these
problems, anticorrosion paint          a layer comprising a plurality of
optical fiber can be applied to crevices that may occur between
units (3) disposed inside said plastic sheath the plastic coating layer 33
and metal pipe 31 in  50    (6), each of said optical fiber units (3)
including the optical fiber unit. For this purpose, a rust-        an
optical fiber (32) accommodated in a metal preventive paint can be applied
thereto which is         pipe (31); and composed of tar-related,
petroleum-related, or their     a plurality of armouring iron wire bundles
(7) mixed material, such as normally applied to the          provided on
the outside of said plastic sheath underside of an anticorrosion layer of
the power  55     (6);. cable. In the case where the anticorrosion layer is
characterized in that of an electrically conductive material, the paint
each metal pipe (31) is surrounded by a plastic used is preferably also of
a conductive material.        coating layer (33) as a reinforcement
therefor, 9    13                  EP 0 417 784 B1                      14
ture of the coating layer 33 may not affect the        Claims optical
fiber. In addition, the thickness of the heat insulating  1. An underwater
cable incorporating optical-fi- layer 301 is to be not more than 1 mm and
the              bers said cable comprising: thickness of the coating layer
33 applied thereon is    5  a longitudinally extending central core body to
be approximately 1.5 to 3 mm.                           (1); As described
above, according to the optical           a plastic sheath (6) provided on
the periphery fiber unit of the present invention, the optical fiber     of
said core body (1); unit is provided with a coating layer made of a
a layer comprising a plurality of optical fiber plastic material having a
higher melting point than   10   units (3) wound on the outside of said
plastic polyethylene on the outside of the metal pipe hav-         sheath
(6), each of said optical fiber units (3) ing optical fibers accommodated
therein through a          including an optical fiber (32) accommodated
heat insulating layer interposed therebetween, so          in a metal pipe
(31); and that the optical fibers accommodated in the metal          a
plurality of armouring iron wire bundles (7) pipe will not be affected by
the extrusion tempera-   15   provided on the periphery of said layer of
ture of the coating layer.                                 optical fiber
units (3) wound on the outside of Since the optical fiber unit is provided
on its        said plastic sheath (6); outside with a coating layer made of
plastic ma-           characterized in that terial having a melting point
higher than that of          the metal pipes (31) have a plastic coating
polyethylene, such an optical fiber unit is not af-  20   layer (33) on
their periphery as a reinforcement fected by the extrusion temperature of
polyethyl-         therefor. ene even if it is combined with a power cable,
plastic water conveyance tube, or the like in the      2. A cable as
claimed in claim 1, wherein said form of winding or SZ strand with a
polyethylene           core body (1) is a power cable core, and sheath
provided thereon.                          25       wherein said plastic
coating layer  (33) on the The optical fiber unit is therefore extremely
periphery of said optical fiber unit (3) has elec- effective when utilized
for optical-fiber incorporated     trically low conductive properties.
power cables, optical-fiber incorporated water con- veyance tubes or the
like.                             3. A cable as claimed in claim  1 or
claim 2, Meanwhile, even in a submarine cable pro-   30         wherein the
material of said metal pipe (31) vided with optical fiber units having a
coating ma-        having said optical fiber (32) accommodated terial such
as nylon, or further having a heat in-        therein is stainless steel
and directly thereon sulating material, there is a possibility that, as in
a    there is provided an anticorrosive compound. conventional submarine
cable, its serving layer 8 is subject to immersion of sea water so that the
metal   35   4. A cable as claimed in claim 2, wherein the pipe 31 of the
optical fiber unit may come in              material of said metal pipe
(31) having said contact with sea water microscopically. In such a
optical fiber (32) accommodated therein is case, if the contact is made
over the entire metal         stainless steel and directly thereon there is
pipe uniformly and moreover water content in-              provided an
electrically conductive anticor- 



volved is in the state of particulates, there arises no   40  rosive
compound. problem, while if the metal pipe includes some regions in which
the contact is locally made and       5. An underwater cable having
incorporated op- others in which no contact is made, or if the metal
tical-fibers said cable comprising: pipe is in contact with sea water in
varied volumes        a longitudinally extending central core body thereof,
with the result that, for example, sea water   45  (1); exists locally as
water droplets, there arises a prob-     a plastic sheath (6) surrounding
said core body lem that so-called crevice corrosion occurs locally.
(1); To solve these problems, anticorrosion paint           a layer
comprising a plurality of optical fiber can be applied to crevices that may
occur between          units (3) disposed inside said plastic sheath the
plastic coating layer 33 and metal pipe 31 in   50     (6), each of said
optical fiber units (3) including the optical fiber unit. For this purpose,
a rust-          an optical fiber (32) accommodated in a metal preventive
paint can be applied thereto which is           pipe (31); and composed of
tar-related, petroleum-related, or their       a plurality of armouring
iron wire bundles (7) mixed material, such as normally applied to the
provided on the outside of said plastic sheath underside of an
anticorrosion layer of the power  55      (6);. cable. In the case where
the anticorrosion layer is        characterized in that of an electrically
conductive material, the paint          each metal pipe (31) is surrounded
by a plastic used is preferably also of a conductive material.
coating layer (33) as a reinforcement therefor, 9    15                 EP
0 417 784B1                      16 the material of said plastic coating
layer (33)      die Metallrohre (31) als eine Verstarkung eine having a
higher melting point than that of the       Kunststoffumhallungsschicht
(33) auf ihrer Urn- material of said plastic sheath (6).
fangsflache besitzen. 6. A cable as claimed in claim 5, wherein be-   5
2. Kabel nach Anspruch 1, worin die Seele (1) tween the outside of each
said metal pipe (31)       eine Starkstromkabelseele ist und worin die
having said optical fiber (32) accommodated
KunststoffumhOllungsschicht (33) auf der Au- therein and the coating layer
made of plastic        Benflache der optischen Fasereinheit (3) elek-
material with a higher melting point than that of    trisch geringfagig
leitende Eigenschaften be- the material of said plastic sheath (6) a heat
10   sitzt. insulating layer is interposed. 3. Kabel nach Anspruch 1 oder
2, worin das 7. A cable as claimed in claim 5, wherein said
Material des Metallrohres (31), in dem die opti- core body (1) is a power
cable core, and both        sche Faser (32) untergebracht ist, rostfreier
said plastic sheath (6) and said plastic coating   15  Stahl und direkt
darauf eine Antikorrosionsver- layer (33) have electrically low conductive
bindung vorgesehen ist. properties. 4. Kabel nach Anspruch 2, worin das
Material des 8.  A cable as claimed in claim 6, wherein said
Metallrohres (31), in dem die optische Faser core body (1) is a power cable
core, and both  20    (32) untergebracht ist, rostfreier Stahl und di- said
plastic sheath (6) and said plastic coating     rekt darauf eine elektrisch
leitende Antikorro- layer (33) on the periphery of said optical fiber
sionsverbindung vorgesehen ist. unit (3) as well as said heat insulating
layer (301) have electrically low conductive prop-     5. Ein optische
Fasern enthaltendes Unterwasser- erties.
25       kabel, das Kabel umfassend: eine sich langs erstreckende zentrale
Seele 9. A cable as claimed in any one of claims 5 to 8,      (1); wherein
the material of said metal pipe (31)         eine Kunststoffummantelung
(6), die die Seele having said optical fiber (32) accommodated          (1)
umgibt; therein is stainless steel and directly thereon   30  eine Schicht,
umfassend eine Vielzahl von opti- there is provided an anticorrosive
compound.         schen Fasereinheiten (3), die innerhalb der
Kunststoffummantelung (6) angeordnet sind, 10. A cable as claimed in claim
7 or claim 8,           jede der optischen Fasereinheiten (3) umfas-
wherein the material of said metal pipe (31)         send eine in einem
Metallrohr (31) unterge- having said optical fiber (32) accommodated   35
brachte optische Faser (32); und therein is stainless steel and directly
thereon      eine Vielzahl von BewehrungsstahidrahtbUn- there is provided
an electrically conductive an-     deln (7), die auf der Aufenseite der
Kunststoff- 



ticorrosive compound.                                ummantelung (6)
vorgesehen sind, dadurch gekennzelchnet, daB K   PatentansprUChe
40       jedes Metallrohr (31) durch eine Kunststoffum- hillungsschicht
(33) als eine VerstIrkung um- 1. Ein optische Fasern enthaltendes
Unterwasser-        geben ist, wobei das Material der Kunststoff- kabel,
das Kabel umfassend:                          umh~llungsschicht  (33)
einen   h6heren eine sich langs erstreckende zentrale Seele
Schmelzpunkt als der des Materials der Kunst- (1), eine
Kunststoffummantelung (6), die auf   45    stoffummantelung (6) besitzt.
der Aufenflache der Seele (1) vorgesehen ist; eine Schicht, umfassend eine
Vielzahl von opti-  6. Kabel nach Anspruch 5, worin zwischen der schen
Fasereinheiten (3), die auf die AuBensei-      AuBenseite jedes
Metallrohres (31), in dem die te der Kunststoffummantelung (6) gewickelt
optische Faser (32) untergebracht ist, und der sind, jede der optischen
Fasereinheiten (3) um-   5o  Umhillungsschicht, die aus einem Kunststoff-
fassend eine in einem Metallrohr (31) unterge-       material mit einem
h6heren Schmelzpunkt als brachte optische Faser (32); und
der des Materials der Kunststoffummantelung eine Vielzahl von
Bewehrungsstahidrahtbun-          (6) hergestellt ist, eine
Warmeisolierungs- deln (7), die auf der AuBenflAche der auf die
schicht (301) angeordnet ist. Auflenseite der Kunststoffummantelung (6) ge-
55 wickelten Schicht der optischen Fasereinheiten   7. Kabel nach Anspruch
5, worin die Seele (1) (3) vorgesehen sind;
eine Starkstromkabelseele ist und sowohl die dadurch gekennzelchnet, daB
Kunststoffummantelung (6) als auch die Kunst- 10    17                EP 0
417 784 B1                    18    1111111 huH IM   !
stoffumhallungsschicht (33) elektrisch geringfU-   plac6 directement sur
lui. gig leitende Eigenschaften besitzen. 4. Cable selon la revendication
2, dans lequel le \.i  8&  Kabel nach Anspruch 6, worin die Seele (1)
materiau du tube m6tallique (31) dans loquel eine Starkstromkabelseele ist
und sowohl die   5   est logee la fibre optique (32) est l'acier inoxy-
Kunststoffummantelung (6) als auch die Kunst-      dable, et un compose
anticorrosion conducteur stoffumhUllungsschicht (33) auf der AuBenfil-
de l'electricite est place directement sur lui. che der optischen
Fasereinheit (3) und auch die Warmeisolierungsschicht (301) elektrisch
5. Cable sous-marin auquel sont incorporees des geringf~gig leitende
Eigenschaften besitzen.  70   fibres optiques, le cable comprenant: un
corps (1) d'ame centrale place longitu- 9. Kabel nach elnem beliebigen der
Ansprache 5         dinalement, bis 8, worin das Material des Metallrohres
(31),       une gains (6) de matiere plastique entou- in dem die optische
Faser (32) untergebracht       rant le corps (1) d'ame, ist, rostfreier
Stahl und direkt darauf eine Anti-  i5  une couche comprenant plusieurs e1-
korrosionsverbindung vorgesehen ist.               ments (3) a fibre
optique disposde a l'interieur de la gaine (6) de matiere plastique, chacun
10. Kabel nach Anspruch 7 oder 8, worin das            des elements (3) a
fibre optique comprenant Material des Metallrohres (31), in dem die opti-
une fibre optique (32) logee dans un tube sche Faser (32) untergebracht
ist, rostfreier  20  metallique (31), et Stahl und direkt darauf eine
elektrisch leitende       plusieurs faisceaux (7) de fils ferreux d'ar-
Antikorrosionsverbindung vorgesehen ist.           mature places a
l'exterieur de la gaine (6) de matiere plastique, Revendlcatlons
caracterise en ce que: 25         chaque tube metallique (31) est entour6
1. Calble sous-marin contenant des fibres opti-        par une couche (33)
de revetement de matiere ques, la cable comprenant:
plastique formant une armature, le mat6riau de un corps (1) d'ame centrals
dispose longi-     la couche (33) de revetement de matiere plas-
tudinalement,                                      tique ayant une
temperature de fusion supe- une gaine (6) de matibre plastique placee   3o
rieure a cello du materiau de la gaine (6) de a la peripherie du corps (1)
d'ame,                matiere plastique. une couche comprenant plusieurs
416- ments (3) a fibre optique enroules a l'exterieur  6. Cable selon la
revendication 5, dans lequel de la gaine (6) de matibre plastique, chacun
une couche d'isolation thermique est dispos~e 



des 6l6ments (3) a fibre optique comprenant  35    entre l'exterieur de
chaque tube m6tallique une fibre optique (32) log~e dans un tube
(31) dans lequel est log~e la fibre optique (32) mftallique (31), et
et la couche de revOtement formde de matibre plusleurs faisceaux (7) de
fils ferreux d'ar-   plastique ayant une temperature de fusion su- mature
places A la periph~rie de la couche         perieure a cello du matdriau de
la gaine (6) de i...'   d'6l6ments (3) a fibre optique enroules a l'ex-  40
matiere plastique. terieur de la gaine (6) de matibre plastique,
caractnris6 en ce quo les tubes mdtalli-    7. Cable selon la revendication
5, dans lequel le ques (31) ont une couche (33) de revetement        corps
(1) de l'ame est une ame d'un cable de matiere plastique a leur p~ripherie,
sous       d'alimentation en energie, et la gaine (6) de forme d'une
armature.                      45      matibre plastique et la couche (33)
de revete- ment de matiere plastique ont des proprietes 2. Cable selon la
revendication 1, dans loquel le      de faible conduction de l'electricite.
corps (1) d'ame est une ame d'un cable d'ali- mentation en energie, et la
couche (33) de      8. Cable..selon la revendication 6, dans lequol le
revOtement de matibre plastique placee A la  5o    corps (1) de l'ame est
une ame d'un cable p6riph6rie de l'element (3) a fibre optique a
d'alimentation en energie, et la gaine (6) de des proprietes faiblement
conductrices de          matibre plastique et la couche (33) de revete-
I'electricite.                                     ment de matiere
plastique placees A la peri- pherie de l'element (3) a fibre optique ainsi
3. CAble selon la revendication 1 ou 2, dans  65       quo la couche (301)
d'isolation thermique ont lequel le materiau du tube metallique (31) dans
des proprietes faiblement conductrices de lequel est logee la fibre optique
(32) est lracier  I're6ctricitd. inoxydable et un compose anticorrosion est
11~~    19                 EP 0 417 784 B1                      20      |
IIj1111 111111 9. C&ble selon I'une quelconque des revendica- tions 5 a 8,
dans lequel le mateilau du tube m6tallique (31) dans lequel est logee la
fibre V     optique (32) est l'acier inoxydable et un corn- pos6
anticorrosion est plac4 directement sur   5 luM. 10. Cable selon la
revendication 7 ou 8, dans lequel le mat~riau du tube m6tallique (31) dans
lequel est logee la fibre optique (32) est I'acier   io inoxydable et un
compos6 anticorrosion conducteur de l'dlectricit6 est place directe- ment
sur lui. 15 20 25 30 35 40 45 50 55 12    


