o "'--. .

%00
] &

-

o,
INTERNATLO® AL ATOMIC ENEHROGY AOFRNQOY
£ UNITED NATIONH EIMICATIONAL, SOIENTIFIC AND CULTURAL OHOANIZATION

s

it

o

INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS

A0 TRIESTE UTALYVE -« 1" 1L 1. 088 - MIRAMARE - HTRADA ODATIEHA 11 - THLEPHONV: 2240-1
CALE CENTRATOM - TELFEX 400092 - I

SMR/169 - 7

WORKSHOP ON OPTICAL FIBER COMMUNICATION
(24 February - 21 March 1986)

CONSIDERATIONS ON OPTICAL CABLE DESIGN.

P. CALZOLARI
Societa Cavi Pirelli S.p.A.
Viale Sarca, 202
20126 Milano
lealy

These are preliminary lecture notes, intended only for distribution to parcicigants



D

OPTICAL CABLE DESIGN

It is wall known that optical fibre is a transmission medium capa
ble of yxtremely high capacity, but to make use of this capacity
the fibre must be protected from stresses which may cause it to
brsak or change its transmission characteristics. Optical fibre
doas in fact have a high inherent strength, but the presence of
microscopic flaws within the material can trigger breakage when
subjected to quite limited tensile or bending stressas. These
flaws, which are absent from the fibre when it is first produced,
ars rapidly initiated and subsequently grow dus to mechanical
abrasion and humidity. To inhibit this, = primary protective
coating (for example acrylate, silicone rubber, or epoxy resin)
is applied to tha fibre during its manufacture. When coated with
thess matarialg the inherent atrangth of the fibre is preaerved,
even in a wet or damp environment. On average, the short-term
breaking losd 1s sround 60 N in the case of & primary coated 125
um diameter fibre. However, over an sxtanded period of time, the
application of a tensile load to the fibre would cause a gradual
grovwth of any existing flaws and consequently reduce its tensile
strength,

With regard to transmission properties, optical fibre is particu-
larly susceptible to a type of deformation which permits optical
energy to escaps from the cora of the fibre. This deformation
(micro-bending) will occur when a fibre ia pressed against rough
surfaces and causes an increase in transmission loss which may be
substantisl if it is spread throughout most of the length of the
fibre.

Thus it is clesr that to make effective use of optical fibres 1t
is necessary to protect thew from the effecte of axial stress and
microbending. Thia requirement, which wmust ba met under all
operating conditions and throughout the life of the system, is
accomplished by the secondary protection of the fibre and the
struccure of the cable. To provide strain relief, the structures
of all optical cables include strengthening elements. These
elements (either metallic or non-metallic) are characteriaed by
high mechanical strength and low coefficisnts of expansion, and
their function is to rastrict the deformation of the cable due to
the installation or operating conditions, or the effects of dis-
tortion of the plastic materials in the cable structure through
long-term exposure to heat.

Fibre protection ,

In an optical cable, special attention must be paid to the sur-
face of materials which are in contact with the fibre, since the
protective action of the cable structure depends to a large
degres on the naturs of thess surfaces. Because of the importance

of this aspect, the components of the cable which sctually con-
tain the fibre are described as the secondary protection of the
fibre,

Two general wmethods of providing secondary protection may be
identifisd namely tight protection and loose protaction. In the
firat method, protection is achieved by using suitable materials
in intimate contact with the fibre. This coating has the twin
task of substantially reinforcing the strength of the fibre and
of protecting the fibre from the lateral stresses which could
cause micro-banding. To carry out both tasks satisfactorily the
coating often consists of two laysrs. Fig. 1 shows and example of
this forw of tight protaction in which the fibre 1s coated with
an inner layer of soft material to alleviate tha affects of late-
ral stress, and an ocuter layer of material with a high modulus of
elasticity to improve the strength and flexural rigidicy. An al-
ternative typs of tight protsction is the optical fibre ribbon.
The ribben is comprised of a number of fibres which are arvanged
in parallel and then sandwiched batween layers of suitable plas—
tic material.

The other wethod of secondary protection is loose protection. In
this method the fibre is protected from any external stress,
either axial or lateral, by being loossly contained by a& struc-
ture which has s high degree of mechanical strength. An example
of this is a tube, made of high modulus of elasticity plastic,
with an inside diameter much greater than that of the fibre
(typically 5-10 times). One or more fibres are arranged helically
within the tube so that it is adequately protected from external
stresses (Fig. 2).

Another exampls of tha loose protection method consists of a
plastic extrusion with a number of helical grooves which contain
one or more fibres.

The protective tubes or the grooves may be filled with soft tight
materials wvhich still maintain the primary coated fibres in a
loose like environment.

In the following we describe the criteria adopted for bothfilling
and loose protection of optical fibres.

The cable designs are then completed, wusing correctly
dimensioned reinforcing elements and suitable protective sheaths,
to take account of the mechanical and thermal conditions encoun-
tered during instsllation and operatiom.

a) Tight Protection
In the case of stranded cablas using tight protectsd fibres, the

fibre is integral wich the structures of the cabls so that all the
machanical stresass applied to the structure, and thosa induced
in the satructure by changes in temperature, ars transmitted to
the fibre. It is therefore necessary to reduce the effect of
thesa stresses on the fibre to the fullest possible extent. As
regards axial stresses, causing elongation of the fibre due to
installation tension or high operating temperatures, the effect
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may only be reduced by strengthening the cable reinforcing
elements (metallic and non-metallic).*

By using a suitable secondary coating for the fibre it is possi-
ble to reduce tha effect of lateral stresses which may cause an
increase in attenuation due to micro-bending. However, it is also
necessary to limit the negative esffect of axial contractions of
the protective materials at low temperatures. The following exam-
ple demonstrates how a tight protection coating, which comprised
several layers of materials, as in the construction type de-
veloped at Pirelli Group.

The ain of the design was to obtain a structure having geometri-
cal and physical parameters capable of providing the coated
fibres with the best poasible protection against lateral compres-
sion, together with the required stability of their optical char-
acteristics, in the wideat temperature range. However, since the
two requirements are intrinsically conflicting, a compromise 1is
the only practical approach.

The design of such a sophisticated structure required optimisa-
tion by computer after theoretical models (verified by experimen-
tal trials) had been developed to define the effect of the dif-
ferent structural parameters on lateral protection and thermal
behaviour.

A secondary coating, with the required characteristics, was de-
veloped by the Pirelli Group using a fibre which had a com-
posite primary coating ¢ acrylate resin. The secondary
coating is applied in a single operation and comprises an inner
layer of silicone rubber under an outer layer of nylon.

Using fibres coated in this way, it is possible to construct
cables by traditional laying-up techniques, either in concentric
or group formation, without degrading the optical performance of
the fibres. It is also possible to further improve the resistance
to lateral stress and temperature change, by using naterials
which have high rigidity and low coefficisnts of expansion for
the outer protection of the cable.

* Where the protection consists of extruded plastic materials it
is also necessary to take into account the compression exerted
on the fibre by the shrinksge of these materials after
extrusion. ’

b) Looae protection :
In the loose protection method, the fibre is protected from late-

ral stresses until the protective structure collapses. By the
correct choice of material and dimensions fgr the structure, it
is therefore possible to protect the fibre against lateral
stresses of practically any intensity. The types of stress of
greatest significance for the loose structure are axial
compression and tension, A loose structure doea in fact allow the
fibre a range of paths whose lengths can be less tham, or greater
than, the length of the neutral axis of the cavity containing the
fibre, Thua for each type of loose structure there exists a range
of axial extenaion and comwpression which can be tolerated by the
structure before the fibre comes under atress. This range is
determined by two factors: firstly, the conditions adopted when
applying the protection, which govern the initial path of the
fibre within the loose structure; and secondly, the geometry of
the loose structure within the finished cable. It is therefors
not poesible to separate the design of the fibre protection
structure from the design of the cable 1tself when loose
protection is employed. However, by taking account of the per-
formance required from the cable 1t is possible to define the
overall characteristics (geowetric and technological) of the
vhole structure.

It is worthwhile to analyse the two types of axial stress sepa-
rately. In the case of tenaile streas the maximum slongation

that the structurs will tolerate, before the fibre comes under
stress, car be unambiguously identified from the characteristica
of the structure. In fact, assuming a knovledge of the initial
position of the fibre inside the protection,* it is possible to
calculate the maximum elongation applicable to the cable struc-
ture without the fibre being aubject to axial tensile stress and
lateral compressive stress against the walls. This elongation is
reached when the fibre takes up the minimum length path inside
the structure.

Unfortunately, the study of a cable in axial compression cannot
be made 3o unambiguously because, when the structure is com—
pressed, the path taken up by the fibre is random and essentially
depends on local friction between the fibre and the walls of the
structure.

The problem may only be tackled by recoursa to parameters de—
termined experimentally and specific to the varicus structures
and technological processes used. For ease of calculation it is,
however, possible to refer to a geometric model of the structure
(compresaion is assumed to result in the fibre occupying a spaci-~
fic path) and then apply correction coefficients obt:ine§ by ex-
periment. From the foregoing it is apparent that cables C

* This parameter is determined from subsequent teats on the
finished cable



employing looss protection cannot be designed aclely from theo-
ratical consideracions, and must take into account tha sxparisnce
acquired from tests om completed cables,

Locas protection cable designs include:- stranded assemblies of
tubes containing one or wora fibres; plastic cores with helical
grooves containing one or more fibres; and single tubes contain-~
ing a number of fibres.

The following axample demonstrates the design criteria sdoated

or fibres which are individually protected by a

oose t and are then laid-up helically to form a concen-—
tric cable. The fibre is inserted into the tube during the axtru-
slon process and the length of fibre incorporated, relative to
the neutral axis of the tube, depends on the technological con-
dicions smployed for the operation (in particular, the output
vinding tension and the cooling conditions). By altering thesa
conditions it is possible. to obtain a fibre length which is
greatsr or smaller than the neutral axis of the tube. Fig. 3
Bives a schematic represantation of the relationship between
cable lay pitch and the range of possibls paths, paralle}l to the
neutral axie, that the fibre can assume without coming undar
aither tensile or compressive stress. The diagram alsc fllus-
trates the maximum and ninimum path lengths that the fibre can
iniciaily assume, dependent upon the conditions sdopted for the
extrusion process. The maximum cable elongation value { A P,) and
the maximum cable compression value (A Po) correspond respectively
to the minimum and maximum path length that the fibre can take up

perforsance of the cable, either in compression or in tension by
changing the initisl position of the fibra,

By the use of diagrams similar to those illustratad, and by
taking account of the performsnce required from the cable as re-
garde tensile and compresaive stress, it is thearefore possible to
define technological and geomarric parsmeters for the type of
looss protaction adopted. Designs have been developed using the --

techniques described, and to date the most widely adopted solution

has used a plastic (e.g. polypropylene) tube which has the dimen-
sions up to 2 mm (Fig. &). This type of coating otters
protection against very high lsteral stresses (Fig.7) and cables
employing it have been produced using traditional laying-up tech-
niques (either in concentric or group formation). The behaviour
of the cables during changes in temperature, and when under ten-
sion, depends on the type of strengthening elements euployed as
well ac on criteria praviously discussed. In avery case it has
been found that absolute stability of the optical characteristics
has been maintained throughour & specific tempsrature range. Out-
side this range random increasss in loss or attenuaticon ars gxpe-
rienced (Fig.8). Additionally, the tansile stress bahaviour is
characterised by a range of slongations throughout which the
fibre is not stressed and its optical chsracteristics remain sca-
ble (Fig.9).

With this type of protection it has been possible to produce
cables which have stabla optical paerformances in the tenperature
range -50°C to +60°C, or are capable of absorbing elongation of
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without altering its nwn length. These values are cbtained from the
feo-etricll paraseters of the optical core (central element diameter,
cose tube dimensions, tube stranding pitch) and the fibre quantity
put into the tubes.It should be noted that the minimum path consi-
dered is the absolute minimum inside the tube, whilst the saximum
path is relative only to the family of curves examined (parallel to

up to 0.5 without stressing the fibre. The same considerations
can be applisd for the grooved optical core in which the fibres
are loosely deposited with exceas length inside a cylindrical
extrudate hsving helical §rooves. Alsoc in this case the maximum
compression or alongation that the cable structure can support

the neutral axis) and will not be obtained in practice.
Mruu“:mﬂhaﬂumthchuuhnuhu E‘IA&/P
represents the effactive parmissible alongation for the cable;
but for compressive stress the valus Gguﬁf‘[ * 1is assumed to ba
a refarence only, and to this it is Necessary to apply correction
coefficiants obtained by experimentation. Therefore, with simple
geometric considerations for a specific cable wstructure, 1t 1
possible to obtain an snalytical relationship between ths elongs-
tion and compression valuss, tha geometric characteristics of the
tube, the laying-up pitch, and the initis]l position of the fibre
vith respect to the nsutral sxis of the tubs. Figs.4 and 5 show
qQualitatively the saximum permissible slongation and compression
values of the cable withour stressing the fibre, and indicate the
affects of changes in the internal diamstar of the tube and thse
initial position of the fibre.

It can be seen how, whan the pitch is increased, and when the
diameter of the tube is reduced, the range of permimsible axial
deformation is restricted. However, provided that the range of
deformation 1s sufficient, %t {ia possible to improva the

1.2)

without giving any strass to the fibres or increase their atten-
uation are determined by the inicial fibre position and the geo-
metrical parameters of the grooved core (core dismeter, groove
pitch, groove depth) (Fig.10. By sultably optimizing thess para-
matars cables having the sama parformances of loose tuba typa
have been manufactured. This solution is particularly attractive
for its reduced dimensions and the potential simplicity of the
manufacturing machinery; morsover the initial fibre excess length
inside the grooves cen ba controlled with mch higher pracision
than for loosely coated fibres. Howaver comparad with loose tvpe
solution, grooved core cables can present soame peculiar draw-
backs e.g. difficulties for end preparation. They seem mainly aui-
table for those-applications for which cable sise and stringent

tolerances on fibre excess length are requested.

Hydrogen influence on aptical fibre transmission characteristics

Due to its small molecular dimension, hydrogen diffuses quite
rapidly through all known waterials and in particularly in glass,
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whare the diffusion coefficient was estimated around 1’510—11
cn /sec. at 20°C.

Therefore, when a fibre is exposed to an hydrogen atmosphere,
molecular hydrogen diffuses iIncto the fibre until fts concentra-
tion inside the fibre is in equilibrium with the ourside partial
pressure.

The effect of the presence of hydrogen inside the glass structure
on fibre transmission characteristics are basically three
(Fig.11).

a) Loss increass (absorption peak) dus to diffused hydrogen mole-
cules: this effect is completely reversible and has limited in-
fluence at the operating wavalengths {0.85 um, 1.3 um, 1,55 um).

b) Loss increass (absorption peaks) due to OH groups formed by
chemical reaction of hydrogen with the various glass components
namely Sylicon, Germanium, Phosphor. This loss increase is irre-
versible snd is strongly accelerated by the presence of phosphor
as a dopant.

The effect of this phenomenon is significant at 1.3 um and par-
ticularly at 1.55 um, while it is negligible at (.85 um.

c) Loss increasea (U.V. gbsorption peak) dus to structural defects
{(colour centres} formed by hydrogen interaction with the glass
structure. The tail of the U.V. peak extend its influence at all
the operating wavelengths but its magnitude is a slowly de-
craasing function of wavelength. Moreover the loss increases are
strongly influencad by the temperature.

The possible source of hydrogen in optical cables are mainly:

- out-diffusion from cable components
~ metal corroeion reactfons in presence of water
~ electrolytic phenomena.

In order to ansure the full reliability of the optical cables a
certain number of countermeasures have been taken:

- use of fibres with reduced hydrogen senmitivity. The reduction
of phosphor content strongly affects the fibre sensitivity to
hydrogen

- suitable cable design. A careful choice of cable structure
makes it possible to drastically reduce hydrogen concentration
inside optical cables

- use of hydrogen absorber. In order to reach full safety even in
the most critical sftuation and to allow more flexibility in
cable dewign, different types of hydrogen chemical absorbers can
be provided as for instance by Soc.Cavi Pirelli(patent nending).
These materials have the properties of permanently fix the hydrogen atoms
to their molecularattucture and they can be suitably processed in
order to be embedded in cables during the manufacturing process
for example as sealing compound,

2)
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OPTICAL CABLE PRODUCTION

Different types of optical cable atructureshave been manufactured with
satisfactory results for the TLC apparatus.In the following, reference
is done to examples of typical constructions mainlty based on tha expe-
rience done in the Pirelli Group. The difference among the various cable
structures arc mainly related to the outer protection that is strongly
dependent on the external applied mechanical and thermal stresses that
the cable has to substain during its service life.

Optical fibre cables for underground installation

The most significant conditions recognized to have an influence
on the cable design, according to the laying technigque (duct or
directly buried) are summarized harsunder:

- necessity of ensuring optical transmission performances of
the carrier in terms of sttenuation and bandwidth, within a
practical temperature range and for all the service life¢ of
the cable

- Presence of traditional copper conductor circuits {pairs or
quads)

- Presence of metallic or non-metallic central strength member
- Presence of water barrier

- Condition of ducta or subducts

- Pulling length

- Presence of outar mechanical protectien,

a) Duct instsllation

Types of optical cables that hava the peculiazrity of being
at the same time robust and flexible , were developed.

Cable with tight buffered fibres. Usually this kind of cables i=s
fully dielectric.Cable make-up can be either concentric or unit,
In order to eliminate the risk of longitudinal water penetration
as a consequence of damages to the external protection, cables
are fully filled.

Proper outer protection hava been designed, such as sheaths of
low modulus asynthetic material (a.g. polyurethane)}, in order to
eliminate the risk of mechanical compression stresses.

To ensure an adequate resistance to high mechanical stresses ;a
protective layer of textile yarns, like aramidic fibres (Kevlar')
acting as peripherical atrength member have been adopted.

-Cable with loose buffered fibres.Each single tube can include
one or more fibres.Cables can be either metallic or dielectrie.
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Tubes are stranded together around a steel of fibreglass rod to
form an optical unit,

In the case of unfilled cabls s soisture barvier of aluminium
polyethylene laminated tape (polylam) bonded to the outer
polyethylene sheath can be appliad. .

This kind of cables can be fully filled: all spaces inside and
ocutside the tubes can be filled with a special filling compound.
The outer protaction is similar to that one of tight buffered
fibres. For both types of constructions (tight or locae} in order
to provide a protection agsinst rodent attack a light metallic
armour can be applied.

In Figs.12+15 sre showm some examples of constructional details
of tight or loosa buffered cables suitable for duct installation.

b} Direct buried installation Cables suitable for this installa-
tion have usually the optical unit similar to that one of cables
for duct installation but normally include an additional srmour-
ing layer to minimize the risk of damage from backfill, land
movements. digging. rodents and other land work.

A very robust cable was developed where the metallic armour is made
of a continuous welded corrugated steel tape.

In Fig.16 is showm an example of cable construction.

Optical fibre cables for merial installation

Societd Cavi Pirelll has developed optical serial cables that can
be installed in sxtreme environmental conditions.

The cable designs have to take into sccount the maximum stresses
both dynsmic and permanent due to overloads generated by ice and
wind and environmental conditions such as wide and gradual daily
temperature variations or sudden temperaturs changes dus to al-
ternations of sun and clouds.

Several types of cable have been designed with capacity usually
not greaster than & fibres and wost of them are already in an in-
dustrial or experimental phase, namely cables to be hung to inde-
pendent rope and self-supporting cables. Reference is made to
cable types suitsble for telecommunication overhead lines iIn~
stalled on poles, when the span lengths do not generally sxcasd
50/60 m.

Asrial cables installsed by hanging them to independent ropes are
to be considered in the safest conditions in terms of mechanical
resistance versus environmental stresses induced by wind and ice,
Moreover, undesr normal working load, no mechanical strain affect
the optical cables as the rope is already installed and preten-
sioned whean the cable is hung to it.

On the contrary the main problem in designing self-supporting
cables is to reduce at a ssafe leval the fibres permanent strain.

i0

Therefore loose tube construction, both with stranded tubes or
grooved slements, is generally used as the optical core.
Self-supporting optical cables contain a strength member which
may be either external or psripherical to the cable core.

The former type is no doubt the most popular smong conventional
cables and allows to employ wall-known and easily available fit-
tings as they only coms into contact with an extsrnsl strangth
member.

The solution with external strength member involves the use of
highly resistant staels, which are characterized by s linear
slastic characteristic in the range of admissible strains and
without any residual and significant permanent strain after ap-
plication of cyclic loads.

The aslf-supporting cable with strength member concentric to the
cable cors shows insctead the advantage of a quite smaller overall
size and therefore smaller wind and/or ice overloads.

Figs. 17 and 18 show some axamples of self-supporting aerial
cables.

Optical submarine cables

a) Telecowmunication Cables.

Dua to its high transmission capacity and small dimensions opti-
cal fibres are particularly suitable for application in undersea
transnission systems for which repeater spacing and cable size
are the most critical factors. However taking into account the
stringent requirements of undersea systems the ceble manufactu-
vers have to face a challenging task in the development of this
particular optical cable.

The main concern with this design of cables is to provide a very
high reliability that ensures the stabilicy and integrity of the
fibre tranemission path for a system design life of st least 23
years.

The cable must meei several important design requirements for
satigfactory system operation. They can be sumsarised as follows:

- to provide a pressure, moisture and hydrogen free environ-
wmant for tha fibres;

- to snsure minimm strain during all manufacturing and ner-
vice conditions in particuler during laying and recovering
from deep seabed (4 km) or attack by anchors and trawlers of
fishing vessels in shallow water;

- to allow a continuous production of long cable length (30+%0
km) by including factory splices of optical fibres;

- to provide a low insulated power fead conductor for the
repeaters.

Am example, iy ip described the submarine cable developed by Soc. Ca

vi Pirelli, for laying down to 4000 m whose structure for deep - -
sea is shown in Fig. 19 and that of shallow water in Fig. 20,

e

e

e



11

At the centre of the cable is an optical core made by 6 fibres
tightly protected stranded around & metallic atrength mesber and
embedded in a high viecosity water blacking material. The fibrea
are sgingle mode with high proof test level (1X). As an alterna-
tive structure for the optical core, a grooved plastic element
can be used and in this case a significant extra length is given
to the fibres inside the grooves in order to allow cable elonga-
tion without fibre =tress.

The optical core is protected from external compression forcea by
an sllyminium tube manufactured by assembling three segments
whose smection is fan shaped. An external double layer
anti-torsional armour made of flat steel wires gives to the cable
structure the required mechanical axial strength.

An outer alluminius or copper tube ig provided as hermetic bar-
rier and for power feeding.

The cable 1s finished with an extruded polyethylene sheath. An
armour of steel wire is provided for shallow water applications.
Its strength element is torsionally balanced so that negligible
twist is generated when the cable is in tension and wo cable
elongation will result due to untwisting. This cable ie therefore
able to subgtain the laying and recovering and repairing strains
without ifmpairing fibre mechanical 1life.

On the other hand the combination of the external tube and the
steel wires provide a highly pressure resistant structure to pro-
tect the fibres from external hydrostatic stresses.

As regards hydrogen, all the materials used in this cables have
been checked for the hydrogen content and show reduced gam or
hydrogen generation. Moreover, & special activated element has
been introduced in the optical core filling compound in order to
absorb the residual emitted hydrogen. Therefore the effect of
hydrogen will be negligible for the system life.

b)  Optical cables inmerted in power cables.

The complexity of signalling and telecommunication systems needed
for fixed or flosting plants in the sea, generally in proximity
of the coasts, has given rise to new requirements for the per-
formance of telecosmunication cables adequate to this task. These
cables wust in fact trznsmit & relatively high number of comwu-
nications and signals up to distances of the order of some tens
Kilometres, must operate very close to submarine power cables and
consequently in an enviromment with several electromagnetic in-
terferences and wust be very strong from & mechsnical point of
view, due to the risk of damage which is very frequent in sea
areas with shallow water and considerable shipping traffic.

The poesibility of inserting telecommunication cebles inside
power cables ia & target at which system users aimed for these
Teasons.

- A single cable can be installed having the double task of
power and telecommunication transmission with a conaequent
economic advantage.

12

- A capillarity distribution of the telecommunication services
is ensured to the difterent points of the power distribution
system,

- The power cable, conaidering its dimensions and outer pro-
tection type, can Tepresent & preferential way from the
wechanical protection point of view, even for the telecosmn-
nication circuits.

As example, the composite (power+optical) cable developed by Scc.Ca
vi Pirelli is described,where the optical unit,that is located in the

terstices of power cable,is generally constituted of a number of fiores not

higher than 12, with such & geometricel configuration as to re-
quire the lower space. Fibre types can be either single or wmulci-
mode having & diameter of 125 wicrons as etandardized by CCITT
and IEC.

These fibres are lcosely protected by a plastic tube and are
stranded on a central strength member and the so formed optical
core is sealed and sheathed with synthetic material and protectad
with a continuous metallic layer {(e.g. lead sheath or copper
welded tube).

All the spaces in the optical unit, both inside and outside the
tubes, are fully filled with special filling compound.

The optical core is covered with copper tapes that have the pur-
pose of protecting the optical cable against teredos; this pro-
tection 1s generally necessary in shallow water, especially in
watw sea.

Several technical problems had to be solved during design and
manufacture of these cable types:

- prolonged operstion in water under pressures which mey reach

10 atm, 1In case of absence of continuous wetallic protec-
tion on the optical cable, which acts as hermetic barrier
resisting at these pressures, the fibre protection shall be
such as to allow a troubleless operation.
Considering the results obtained from hydroastatic pressurs
tests carried out for long periods on fibres suitably pro-
tected by means of synthetic layers with low water absorp-
tion and on finished cables, it can be stated that the fibre
transmission characteristics are not subject to remarkable
decay under the action of pressures up to 10415 =tm.

- Choice of materials having a good reeistance against envi-
ronmental degradation at high temperatures, as for instance
in the interstices between the power cores under normal ope-
ration conditions. Special synthetic materials such as
acrylates, silicone fillers, fluoropolymers, fluorurated
polyammides can be selected in order to reach the charac-
teristics necessary to this purpose.

- Continuous sealing of the optical core. The sealing shall be
realized in order to guarantee a complete water tightness
also in the case of an accidental severance of the cable and
also during operation.
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- Factory length and manufscturing joints. Often composite
cables have a raquired shipping length much longsr that the
maximum factory length, generally used in the terrestrial
plants.

Tha manufacturing technology sust be such as to allow that
"the manufacturing lengths ba of 5=10 km in order to minimise
the joint number and to optimise the manufacturing process.
The single manufacturing lengths have to be jointed during
cable construction using suitable methods in order to avoid
discontinuity points which will decresse the fibre transuis-
sion capability.

The attenuation of sach joint has to be limited to approx.
0.2 dB for the multi-mode fibras and to 0.3 dB for the sin-
gle-mode fibres.

Fig.21 shows an example of a composite cable with an optical core
placed in the interstices of power cable,

Optical ground wire (OPGW)

Optical fibres are very attractive for aplication inside a ground
wire, due to their small dimenszions, their high transmission capa-
city and their insensivity to electromagnetical induction.
The requirements for an optical ground wire, generally identified
as OPGW, concern primarily mechanical and conductive characteris-
tics.
Cable design must then provide the following topics:
=~ high mechanical stifness, to minimixe cable sag for long spans
in all environmental conditions and therefore to aveid interfe-
rence with power conductors;
- high electrical conductivity, to withstand short circuit currents
with a reasonable temperature increase;
- waterproofness, to avoid moisture to reach fibres.
OPGW cables were developed suitably for spans with average length
up to 400 + 60C m’ and to withstand short circuit currentse.g.upto
20 kA for half a second. In the following a typical construction is
described:

The optical core is dielectric, fully filled and contains a number

of fibres ranging from 4 to s max. of 24, Over this core, protected

by a thermal barrier, there is an aluminium tube and an outer stabili-
wed armouring. This last consists of one or two layers of galvaniued
steel or aluminium alloy or aluminium clad steel wires (Figg. 21 and 22).
Fibres are generally single mode with a suitable proof test level and
attenuation less then 0.4 or 0.5 dB/km at 1300 nm.

As hydrogen hazard concerns, al! 'he conasiderations made on submarine
telecommunication cables (particuiurly the use of the hydrogen activa-
ted compound) are here valid.

SM fibre with tight protection
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optical fibre with loose protection

1 primary coated optical flbre

2 loose tube protection

fig. 2
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fig. 3 - Loose protected fTibres. pifferent paths for
the fibre inside an helically stranded tube.
Schematic representation.
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Fig.7 Loosee tubed fibre (external/internal diameter 2/1 mm)} increase in
attenuation versus lateral compression force (fibre compressed
between a plate and a cylindrical body with R = 1 mm),
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Fig.s Cable incorporating loose tubed fibre with an exceeas length of
=123 um primary cooted fibre

0.1 percent at 20°C,
Typical attenuation versus temperature,

fig. 6




Fig.9

{oB/Km)

Cable incorporating loose tubed fibre in a concentric formation
Example of variations in attenuation and elongation, encountered
experimentally, in terms of the axial load.
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12 *TIGHT PROTECTED" FIBRE CAHLE
(DUCT INSTALLATION)
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F;g. 9 ’ Fig. 20

Heclion ol saiuwmarine caole o1 shallow valer

Section of submarine cable for deep watcr
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1, Fibre optic core

2. lst layer of metallic shaped sepnents

S. 2nd layer { ¢.g. hard 2luminium, high resistance steel)

a4, 3rd laver
5. Copper { or aluminium) welded tube
0. Polyethylenc sheath

1. Tibre optic core 7. Bedding of synthetic threads

2. Ist layer \of metallic shaped scpments §. Armouring of zalvanized stecl wires

3. 2nd layer 9. Duter serving of synthetic threads

{c.£. hard aluminium, high resistance steel)
1. 2rd layer
5. Copner ( or aluminiunm) weclded tube

6. PPelycthylene sheath



4 Fe ¥4

sadvy +addod
CRIIBLIFUD

UyoAYS Id )

YA TAYS DuYau e

SUJOA DiPMT.ID soeeied @

YIvays 34

punoduoa Buiis

punaduod BSunyy

Jaquaw YiyBuaays
103U

payoa3o4d Ajasoo) auqy

LINN V3I1d0 40 ONIMVAT JILVW3AHIS

Sans

Buiaagas dazno

JTOWJD S3.HM 12348

Suippaq

3un judj3do

pazonsy y43 .
4O3LONPUOD Jaaond

318vJ 3J1ISO0dWOI 40 ONIMVAT JILYW3IHIS



FIG. 22
T ——

1. Optical fibre

2. Non metallic central element

3. Loose plastic tube

4. Filling compound

5. Protective tapes as thermal barrier
6. Aluminium sheath

7. 1ist layer of Ealvanized steel wires

8. 2Znd layer of aluminium alloy wires

- —= 0Optical ground wire (OPGW) with double wire layer armouring,
containing 4 fibres.

FIG. 23

1. Fiberglass central strength member
2. Optical fibres {twenty—four)

3. Four plastic tubes

4. Filling compound

5. Protective bending

6. Aluminium sheath

7. Aluminium clad ateel wires

- Optical ground- wire (OPGW) wita single wire layer armouring,
containing 24 fibres.

———— . ——_— .
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