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ABSTRACT

The present invention is directed to a process for manufacturing an optical cable for
communication. The optical cable for communication comprises at least one retaining
element blocked with respect to the water propagation. The optical cable comprises, In
addition to the retaining element, at least two transmission elements housed within the
retaining element, and a water swellable yarn housed within the retaining element. The
process comprises the steps of associating the transmission elements and the water
swellable yarn together to form a bundle, extruding the retaining element around the
bundle, wherein a powdery anti-friction agent is applied over the transmission elements
in the step of associating the transmission elements and the water swellable yarn.
Advantageously, the optical cable is water-blocked and the water swellable yarn does

not induce microbending effects on the transmission elements.
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Water-Blocked Optical Cable and Process for the Production Thereof

DESCRIPTION

This application has been divided out of Canadian Patent Application Serial
No. 2,586,930 filed internationally on November 5, 2004 as International Application
Serial No. PCT/EP2004/012631 and published internationally on May 11, 2006 as
WO 2006/048040.

Field of the invention

The present invention relates to an optical cable comprising at least one retaining
element blocked with respect to the water propagation and a process for manufacturing

such an optical cable.

State of the art
In an optical cable, the transmission elements are, typically, optical fibers. The optical

fibers generally comprise a silica glass "core + cladding"” transmitting element and an
outer single or composite polymeric layer (protecting coating) advantageously including

a colored layer for identification.

The optical cable typically comprises buffering elements in radially external position
with respect to the optical fibers, providing functions such as mechanical isolation,

protection from physical damage and fiber identification.

For instance, one or more optical fibers, e.g. arranged 1 group, bundle or ribbon, can be
housed in a tube or flexible sheath (hereinafter referred to as "retaining element") of
polymeric material endowed with specific mechanical properties (such as Young
modulus, tensile strength and elongation at break) in order to ensure an adequate

protection to the fibers.
The optical fiber/retaining element assembly 1s generally referred to as "optic unit".

Among the optical cables in which the optical fiber(s) are housed in a tubular retaining
element, there are cables in which the optical fiber(s) are inserted in a tube, sometimes
called "buffer tube" or "loose tube", providing fiber protection and identification. The
retaining element of this kind of optic unit usually has a thickness higher than about

0.2 mm, typically of from about 0.3 mm to about 0.8 mm, and an inner diameter of

1.6-1.8 mm, when contains twelve optical fibers.

In a specific type of tubular type optical cable, the optical units have reduced dimensions
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both in term of diameter and sheath thickness. Typically, the optical units are called
“micromodules”, and the retaining element thereof is generally referred to as
"microsheath" or "minisheath". In this case, the retaining element material is particularly
designed for allowing the identification of fibers or of groups of fibers, and for
achieving an easy access to the optical fibers, e.g. by simply tearing and shpping off the
retaining element, in order to facilitate both the connection between the optical fibers
and the system equipment or the interconnection between cables. The microsheath 1s
typically made of a material having a relatively low modulus ot elasticity and ultimate
elongation, such as PVC, ethyl-vinyl acetate (EVA) and polyethylene. Advantageously,
the use of the above materials for forming a thin microsheath also results in a
microsheath that is easier to remove or to strip, just using fingers or fingernatls. In a
typical micromodule optical cable, a retaining element containing twelve optical tibers
has an inner diameter of about 1.1 mm, and a thickness of 0.2 mm or less, for example

0.15 mm.

A micromodule optical cable is known, for 'instance, from WO0O00/58768 (in the

Applicant’s name), and comprises a number of micromodules, an inner tube

surrounding the micromodules and an external sheath covering the inner tube. The mi-
cromodules can optionally and advantageously show different colors to be distinguished

one another.

US 5,155,789 (in the name of Société Industrielle de Liaisons Electriques SILEC and
Etat Francais (Centre National d'Etude des Télécommunications - CNET) provides a
telecommunication cable comprising optical fibers split into modules, each module
being enveloped in a thin supporting sheath that is easily torn, wherein the supporting
sheaths are in contact with the optical fibers to clamp them together.

The arrangement of the optical fibers in micromodules as defined above allows
employing a high number of optical fibers in a relatively small optical cable. The
micromodule arrangement can provide, €.g., up to 144 optical fibers in an optical cable
having a diameter lower than or equal to 13 mm (this diameter is not comprehensive of

additional protecting layers optionally provided for specific purposes and requirements),
making such a cable particularly suitable for urban distribution networks.

In the present description and claims, “blocked with respect to the water propagation”
means that the water propagation, mainly intended as a spreading along the longrtudinal
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direction of the micromodule as a consequence of a damage to the cable integrity, which
results in a progressive filling thereof, is substantially prevented or limited. Both the mi-
cromoedule and the cable containing it should fulfill the requirements of the test accord-
ing to method F5B provided by international standard IEC 60794-1-2: further details
regarding this test will be provided heremafter.

Typically, each micromodule can comprise from 2 to 12 optical fibers housed m a

retaining element as from above.

The intrusion of water or humidity into an optical cable or a micromodule, and the
consequent propagation therethrough can be a problem. Water entering in the
micromodule can migrate through 1t impairing the transmission properties of the optical
fibers housed therein. Also, water can reach and degrade closure or other termination
device and/or can damage electronics mounted within the closure or other termination

device.

Methods are known for preventing such propagation. For example, micromodules and
cables comprising the same are known which are water-blocked by means of filling
material included in different passageways. More particularly, a filler material can be

included in the retaining element of each micromodule among the optical fibers
contained therein.

US 2003/0168243 (Jamet et al.) relates to a telecommunication cable including a
plurality of modules which each have a thin retaining sheath clamping optical fibers
together, and a jacket around the modules is characterized in that it comprises retaining
sheaths which each contain a plufality of respective modules and each of which is

mechanically coupled to the retaining sheaths of the respective modules to torm
supermodules in contact with the jacket.

A filler material, e.g. a sealing product such as silicone or synthetic grease, oil or gel, or
a “dry” product obtained by associating swelling powder and/or swelling filaments
and/or swelling-tapes that swell in the presence of water to form a stopper that prevents
water propagation can be provided inside the micromodule.

As pointed out, for example, by US 5,157,752 (in the name of Northern Telecom Ltd.),
there are problems associated with the use of greases or gels. For instance, such

materials are difficult and costly to apply into and fill cable passageways. Grease or gel
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also makes it difficult and unpleasant to handle the fibers during instaliation or repair of
a cable, and at low temperatures (e.g. below 0°C) change in viscosity of the grease or gel
surrounding and contacting fibers may increase signal attenuation in the fibers. A further
problem is that since greases or gels may be incompatible with economicaily desirable
plastics, which could normally be extruded as tubes for containing the fibers, more

expensively engineered polymers may be required for the tubes.

The use of a “dry” product could circumvent the problems associated with gel and

grease.

The above-mentioned US 5,157,752 discloses an optical cable defining an axially
extending passageway and an optical fiber means and a water blocking means disposed
within and extending along the passageway, the water blocking means comprising an
elongate element which swells upon contact with water to block the passageway against

the flow of water.

The Applicant observed that the choice of the “dry” water swellable matenal, e.g. a
water swellable yarn or a water swellable powder optionally supported on an elongated
carrier, for obtaining a micromodule blocked with respect to the water propagation, 1s a

problem.

The water swellable material has to coexist with the optical fibers without causing
damages thereto. For example, stresses arising from the contact with the water swellable

material can induce microbending in the optical fibers and impair the transmission per-

formance thereof.

In particular, the Applicant observed that commercially available water swellable pow-
ders, dispersed among optical fibers or supported, e.g., by a filament provided inside the
retaining element, may efficiently prevent the water propagation along the micromodule,
but, due to their grain size, typically of micrometer order of magnitude or larger, can
impair the optical fiber transmission properties by microbending. The powder can also
yield agglomerates exacerbating the microbending phenomenon.

The Applicant also observed that the grinding of said powders to decrease their gran
size spoils their swelling capability. On the other side, powders with grain size i the

nanometer order, either obtained by grinding or by processes other than grinding, give
rise to problems connected with cost and handling during the cable production, and with
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health for the operators.

[n addition, Applicant observed that a uniform and controlled physical distribution of
such powders inside the micromodule 1s difficuit to be obtained from the industrial
point of view.

Water swellable yarns have been considered as an alternative to the water swellable

powder.

In the present description and claims, as “water swellable yarn” it is intended a water
swellable tape or filament optionally supported by or stranded with a filamentary camer,
or a filament covered with a water swellable non-powdery material, e.g. a water

swellable polymer emulsion.

The already reported US 5,157,752 proposes that, if the diameter of the passageway
should be greater than two or more water swellable elongate elements should be
included with the fibers as required.

US 6,633,709 (in the name of Sumitomo Electric Lightware Corp.) relates to a cable
comprising a plurality of stacked fiber optic ribbons having a plurality of water blocking
yarns extending generally along the length of the stack of fiber optic ribbons and
positioned around at least a portion of the circumierence of the stack wherein the
plurality of water blocking yarns possess water swellable characteristics. The stack of
fiber optic ribbons and the plurality of water blocking yarns extending along the length
of the stack of fiber optic ribbons are all loosely disposed in a buffer tube having an
interior channel larger than the stack of fiber optic nbbons. The swell capacity of the
plurality of water blocking yarns should exceed the critical mass of water that could
enter the buffer tube by a factor of 2.0 or more. The swell capacity is determined as a
function of the number of water blocking yarns, the yarn denier and the absorbency that,
in tumn, is given as a function of the yarn denier and expressed as swell mass per yamn
mass. Thus, for a given number of yarns N, of denter d, and absorbency B the total
capacity of water absorption expressed in mass per unit length. The critical mass of
water is determined as a function of the open area of the buffer tube and the water

density.

The Applicant observes that neither the diameter of the retaimng element, nor its
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arrangement in term of number of fibers housed therein is considered in this document.

Summary of the invention

The Applicant has noticed that the water swellable yarn should, preferably, not only
offer an adequate water swelling capacity for preventing the water propagation inside
the micromodule, but also should show a number of physical features of not minor
importance for the good manufacturing and operaiton of the cable, further to be
dimensionally compatible with the retaining element size and the number of optical
fibers housed therein.

More particularly, the water swellable yarn should, preferably:

a) show a surface as smooth as to avoid friction against the optical fiber, which can give
rise to microbending; typically, frictions can occur during the cable manufacturing
process, installation and life;

b) have a thermal dimensional stability throughout the operating thermal range of the
cable so as not to cause stresses to the optical fibers;

¢) show mechanical properties suitable with the manufacturing process of the optical

cable, in particular ultimate tensile strength;

d) have an effective water absorption in term of both swelling volume and rate of

swelling reaction.

The Applicant found that among the above mentioned properties, the dimensional sizing
and the swelling characteristics are particularly important for preventing water

propagation along the micromodule to such an extent to make the micromodule fulfill

with the requirement of the international standard.

Within the present invention, the Applicant perceived that when the retaining element
has a reduced internal volume, in particular in case of micromodules, i.e. when the
retaining element is closely packed with optical fibers and water swellable yamn, the
swelling capacity in term of volume increase of the water swellable yarn is hindered

and, as a consequence, the ability of preventing the water propagation along the
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micromodule 18 impaired.

The Applicant found that the water propagation in an optical cable and in a
micromodule containing optical fibers can be controlled below a critical value, without
introducing microbending effects, by using a water swellable yarn arranged together and
in contact with said optical fibers, In particular the water swellable yarn 1s characterized
by a swelling volume in a predetermined relationship with the free volume per fiber

within the micromodule.

In other words, the Applicant found that the ability of preventing water propagation
depends not only on the relationship of the swelling volume with the free volume within
the retaining element, but also on the relationship with the number of transmission

elements housed within the retaining element.

According to another aspect, the Applicant found that the presence of mechanical

stresses during the manufacturing of the cable may cause difficulties.

Stresses can be generated during the step of bundling together the transmission elements
and the water swellable yarn in the manufacturing of the cable. In particular, the
presence of a significant difference between the traction resistance of the water
swellable yarn and that of the fransmission elements may bring to ruptures or damages
of one of them, or difficulties and irregularities of bundling.

In addition, since the retaining element is typically produced by extrusion, there is the
possibility of adhesion of transmission elements and water swellable yarn to the mner
wall of the retaining element, particularly before the cooling of the latter has been

completed.

Such adhesion may limit the freedom of movement of the transmission elements during
both the manufacturing and use of the cable, for example in connection with cable

laying, thermal excursions and the like.

The Applicant found that a powdery anti-friction agent enables to prevent such stresses,

- withont requiring the use of fluid lubricants.

In particular, talc has been found suitable for providing the desired anti-friction effect
without causing microbending phenomena.
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In a first aspect, the parent application relates to an optical cable for communication

comprising:

- a retaining element;

- at least two individual optical fibers housed within said retaining element;

and
5 s . .. .
- a water swellable yarn housed within said retaining element and arranged
between and in contact with said at least two individual optical fibers;
wherein the water swellable yarn is selected according to the following equation:
Ve _ K
A M
TF t
in which V., is the volume of the water swellable yarn after swelling upon contact with
10

water;

V1 is the total free volume in the retaining element;
k is a constant > 180 mm’/m;
R is a constant > 1.4; and

V, is the free volume per each individual optical fiber.

For the purpose of the present description and of the claims which follow, except where
15  otherwise indicated, all numbers expressing amounts, quantities, percentages, and so
forth, are to be understood as being modified in all instances by the term "about”. Also,
all ranges include any combination of the maximum and minimum points disclosed and
include any intermediate ranges therein, which may or may not be specifically

enumerated herein.

20 According to the present description and claims, the volumes of the transmission
elements, of the water swellable yarn and of the retaining element of the invention are
intended as volume per length unit, e.g. mm*/m and are calculated on the basis -of the
area of their cross-section. In the case of the retaining element, the inner volume Vj is

calculated on the basis of the inner area of the cross-section.

55 In one embodiment of the present invention, the retaining element has a thickness of
from 0.3 to 0.8 mm, and is hereinbelow indicated as “loose tube”. In this type of
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retaining element, the transmission elements may be provided in bundles, in ribbons or

in both of such configuration.

In another embodiment of the present 1nvention, the retaining element has a thickness of
0.2 mm or less, for example 0.15 mm, and is hereinbelow indicated as “micromodule”.
Within each micromodule, the transmission elements may be arranged with or without
clearance. As “clearance” it is herein 1ntended, a ditference between the mner diameter
of the retaining element and the diameter of the smallest circle enveloping the

transmission elements equal to or greater than 1%.

If no clearance is left between the optical fibers and the retaining element, the
micromodule is called “tight”, while a2 micromodulie is calied “of the loose type” when
said clearance is present. At clearance value > 1%, preferably up to 30%, for a suitable
length of a micromodule (e.g. 1 m) it is possible to extract a single optical fiber
independently of the others.

Preferred according to the present invention is a micromodule of the loose type.

The total free volume V¢ is the volume inside the retaining element left vacant after the
insertion of the transmission elements. It is defined according to the following
relationship:

Vi = [Vz' — (Vf X m)J (2)

wherein m is the number of transmission elements;

V; is the inner volume of the retaining element; and

V¢1s the volume of a single transmission element.
Advantageously, the retaining element is made of a polymeric material.

Suitable materials, according the spécific needs, include: a-olefin polymers and
copolymers, such as low density polyethylene (LDPE), high density polyethylene
(HDPE), linear low density polyethiylene (LLDPE), ultra low density polyethylene
(ULDPE); polypropylene; high and low density poly-1-butene; poly-4-methyl-1-
pentene; ultra; poly-4-methyl-1-pentene; ethylene propylene copolymers; ethylene-
propylene-diene copolymers (EPDM); ethylene-1-butylene copolymer, ethylene-vinyl
acrylate copolymer, cthylene-methyl acrylate copolymer, ethylene-butyl acrylate
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copolymer, ethylene-ethyl acetate copolymer, ethylene-vinyl acetate copolymer,
propylene-4-methyl-1-pentene copolymer, ethylene-vinyl alcohol copolymer; ethylene-
methyl acrylate-acrylic acid terpolymers; or mixtures thereof. Halogenated olefins, poly-
mers and copolymers, may also be used, when absence of halogens is not required.
Ethylene-butyl acrylate copolymer, linear low density polyethylene (LLDPE), or

mixtures thereof, are preferred.

Advantageously, an inorganic filler (b) is added to the polymeric material. The inorganic
filler can include, for example, magnesium hydroxide, aluminum hydroxide, aluminum
oxide, kaolin, alumina trihydrate, magnesium carbonate hydrate, magnesium carbonate,
magnesium calcium carbonate hydrate, magnesium calcium carbonate, or mixtures
thereof. Magnesium hydroxide, aluminum hydroxide, alumina trihydrate (Al,03-:3H>0),

or mixtures thereof, are particularly preferred.

Other additives, such as processing coadjuvants, lubricants, pigments, other hliers, may
advantageously be added to the polymeric maternial.

As inner volume V; of the retaining element it is herein intended the volume per unit
length confined within the retaining element. Preferably, the mner volume V' is
calculated on an inner diameter of from 1 mm to 1.2 mm. Preferably, the retaining

element has an outer diameter of form 1.3 mmto 1.5 mm.

As V¢ it is herein intended the volume per unit length of one transmission element.

Typically, in the case of optical fibers as transmission elements, their individual
diameter of about 0.25 mm. Preferably the number of transmission elements is from 4 to
12.

The transmission elements can be arranged substantially parallel or, preferably,
according to an open helix pattern (or SZ stranding) around the longitudinal axis of the
micromodule, i.e. the transmission elements are stranded around said axis in sections
with a first stranding direction (S-shaped) alternating with sections with an opposite
stranding-direction of (Z-shaped):

The free volume V,, hereinafter also referred to as “free volume per fiber” is defined

Vz — VZE — lI./‘ HJU{/: Xm)J (3)
m 44

according the following:
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Advantageously, the water swellable yarn has a swelling time equal to or less then 2

minutes, as swelling time being intended the time for reaching at least 90% of the

maximum expansion upon contact with water.

Examples of water swellable yarn useful for the present invention are polyacrylate
filaments or fibers optionally associated to polyesier tilaments or threads, and aromatic

polyamide filaments or threads coated with a super-absorbent polymer, such as a

polyacrylate.

According to the invention, the volume V,, of the water swellable yarn (hereinafter also
referred to as “swelling volume”) is selected according to the equation (1). The selection
of V,, is correlated to the number of transmission elements intended to be housed in the
retaining element, and to the free volume per fiber V; of the retaining element, as

apparent by substituting Vtr in equation (1) with Vym according to equation (3) so to

have: v "
v =% 4R
Vxm V. (4)

By multiplying (4) for V;'m, it 1s obtained:

% ::(kxm)—!—(Rx*Vt xm) (5)

W

According to the invention of the present application there is provided a process for
manufacturing an optical cable comprising a retaining element housing at least two

transmission elements and a water swellable yarn, said process comprising the steps of:

- associating the transmission elements and the water swellable yam together to form a
bundle;

- extruding the retaining element around said bundle;

wherein the step of associating the transmission elements and the water swellable yam
together comprises the step of applying a powdery anti-friction agent over the

transmission elements.

In the present description and claims, as “anti-friction agent™ is meant an agent capable
of reducing the friction and/or preventing the sticking among the bundle components,
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1.e. transmission elements and water swellable yarn, and of the bundle components to

the retaining element.

According to the present process, the application of an anti-iriction agent in powdery
form avoids the problems already mentioned above in connection with water blocking
greases or gels. Conveniently, the powdery anti-friction agent should fulfill the
specification of being non-hygroscopic and non-nutritive to fungus.

Preferably, in the process of the invention the step ot associating the transmission
elements and the water swellable yamn together comprises the step of stranding the

transmission elements and the water swellable yam. Advantageously, said stranding step

is an SZ stranding step.

Advantageously, the stranding step is effected afier the siep of applying a powdery anti-
friction agent.

Advantageously, the step of applying a powdery anti-friction agent comprises the step of
advancing together the transmission elements through a powdery anti-friction agent

applicator.

Advantageously, the step of applying a powdery anti-friction agent comprises the step of
shielding the water swellable yarn from powdery anti-friction agent application. For
example, the shielding step can be effected by advancing the water swellable yarn
through a shielding tube positioned inside the powdery anti-friction agent applicator.
The shielding step is preferred when the application of a powdery anti-friction agent on
the water swellable yarn could impair the proper conformation of the optical unit
because the water swellable yan, in view of the features thereof, could drag an ex-

cessive amount of powder.

Advantageously, the powdery anti-friction agent applicator is provided with a pneumatic
wiping device. Said wiping device can be part of either the applicator or a separate
apparatus, arranged downstream the appticator. The wiping device is useful for
eliminating any surplus amount of powdery anti-friction agent from the surfaces of the
transmission elements and/or of the water swellable yarn.

Preferably, the powdery anti-friction agent is talc. Talc is advantageous from the
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industrial point of view as nontoxic and economical.

Advantageously, the powdery anti-friction agent has a grain size suitable for avoiding
microbending phenomena. Preferably, the powdery anti-friction agent has an average
grain size diameter Dsp< 5 um.

Preferably, the fransmission elements are optical fibers.

Brief description of the drawings

The invention will be further illustrated hereinafier with reference to the following

examples and figures, wherein:
- Figure 1 shows a micromodule of the loose type according to the present invention;

- Figure 2 schematically shows an optical cable according to the invention containing
micromodules of the loose type;

- Figure 3 schematically illustrates an apparatus for performing the process according to

the present invention;
- Figures 4 and 5 illustrates water propagation test results;
- Figure 6 illustrates a plot of the relationship according the invention.

Detailed description of the preferred embodiments

Figure 1 depicts a micromodule 1 of the loose type according to an embodiment of the
invention. The retaining element 2 has an outer diameter of 1.46 mm, an inner diameter
of 1.23 mm and a thickness of 0.115 mm. The retaining element 2 encloses twelve
transmission elements 3 in form of optical fibers having a diameter of 0.245 mm, and
one water swellable yam 4 with a diameter of 0.5 mm. The water swellable yam 4 is
arbitrarily shown at the center of the retaining element 2, but in the practice it is free to

move inside the retaining -element as far as permitted by the transmission elements

housed therein.

Suitable thermoplastic polymeric materials for the retaining element, according the

specific needs, include: a-olefin polymers and copolymers, such as low density
polyethylene (LDPE), high density polyethylene (HDPE), linear low density
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polyethylene (LLDPE), ultra low density polyethylene (ULDPE); polypropylene; high
and low density poly-i-butene; poly-4-methyl-I-pentene; ultra; poly-4-methyl-1-
pentene; ethylene propylene copolymers; ethylene-propylene-diene copolymers
(EPDM); ethylene-1-butylene copolymer, ethylene-vinyl acrylate copolymer, ethylene-
methyl acrylate copolymer, ethylene-butyl acrylate copolymer, ethylene-ethyl acetate
copolymer, ethylene-vinyl acetate copolymer, propylene-4-methyl-1-pentene copolymer,
ethylene-vinyl alcohol copolymer; ethylene-methyl acrylate-acrylic acid terpolymers; or
mixtures thereof. Halogenated olefins, polymers and copolymers, may also be used,

when absence of halogens is not required. Ethylene-butyl acrylate copolymer, linear low
density polyethylene (LLDPE), or mixtures thereof, are preferred.

Examples of olefins that may be used according to the present invention and are
available commercially are the product known by the name of Lotryl® from Atofina,
Flexirene® from Polimeri Europa.

Advantageously, an inorganic filler (b) is added to the polymeric matenal. The inorganic

filler can include, for example: magnesium hydroxide, aluminum hydroxide, aluminum

oxide, kaolin, alumina trihydrate, magnesium carbonate hydraie, magnesium carbonate,

magnesium calcium carbonate hydrate, magnesium calcium carbonate, or mixtures

thereof. Magnesium hydroxide, aluminum hydroxide, alumina tnhydrate (Al,03-3H;0),

or mixtures thereof, are particularly preterred.

Examples of inorganic fillers which may be used for the retaining element of the

invention and are available commercially are the products known by the name of
Hydrofy® from Sima or Atomfor" from Omya.

Other additives, such as processing coadjuvants, Jubricants, pigments, other fillers, may
advantageously be added to the polymeric material.

Figure 2 schematically illustrates an optical cable 100 containing twelve micromodules
of the loose type 101, housed in a protecting tube 102 of a thermoplastic polymernc
material, such as the. one known in the art as LSOH (Low Smoke Zero Halogen) or of
medium or high density polyethylene (MDPE or HDPE), optionally added with a
mineral charge such as magnesium or aluminum hydroxide, and having an inner

diameter of 6.4 mm and an outer diameter of 8.4 mm.

A longitudinal tape 103 is applied in radially external position over the protecting tube
102, and separates the latter from sheath 106. Sheath 106 can be of MDPE or HDPE,
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optionally added with mineral charge, or of a LSOH matenal. In the present instance the
sheath thickness 1s 0f 2.30 mm.

The longitudinal tape 103 eases the stripping-off of sheath 106 from the protecting tube
102 during the cable termination. Two ripcords 104 are provided in contact with the
longitudinal tape 103, embedded in the sheath 106, and in diametrically opposite

position each other. -

Longitudinal reinforcements 105 are embedded in sheath 106, parallel each other. Said
longitudinal reinforcements 105 restrain longitudinal alterations of the cable due to
thermo-mechanical stresses. Preferably, the longitudinal remforcements 105 are
tangentially positioned with respect to the circumnierence of the inner diameter of sheath
106 so as to minimize the cable dimension. In the present instance, the diameter of the
Jongitudinal reinforcement 105 is of 1.6 mm. The material of these components can be
selected, e.g., from glass fiber reinforced plastic, aramid/resin (aramid: aromatic

polyamide) or steel.

The process for the manufacturing the cable is described in the following with reference
to the manufacturing apparatus 200, schematically depicted in Figure 3. Pay-off
standings 201a,201b are provided for unwinding, respectively, a water swellable yarn
and a number of transmission elements, four in the present case. Water swellable yarn
and the transmissive elements are conveyed towards a talc applicator 202 provided with
inlet and outlet stationary disttibutor plates 203,204, for guiding and maintaining recip-
rocal positioning among the transmission elements and the water swellable yarn. The
talc applicator 202 is advantageously provided in downstream positidn with a pneumatic

wiping device 210 suitable for eliminating any surplus amount of talc from the surfaces

of the fibers and of the water swellable yan.

The tensile load applied to the optical fibers is usually in the range of from 50 to 100 g,
and the tensile load applied to the water swellable yarn is typically of the same order of
magnitude.

The presence of the talc enables a relative movement to take place among the optic unit
components, i.e. fibers, water swellable yarn and retaining elements, avoiding or at least

reducing the possibility that unacceptable mechanical stresses are transmitted: among the
optic unit components as a result of different payoff back tensions or of ditferent

elongation/contraction loads.
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Talc has been found particularly snitable, particularly because no significant
microbending effect is detected in connection with its use in the resulting cable.
Absence of significant microbending effects has been found privileged with an average
powder grain size diameter Dsp< 5 pm.

Ds, means that the 50% of the material passed a sieve of a predetermined size (5 pm In
the case).

After the application of the powdery anti-friction agent, the transmission elements and
the water swellable yarn are conveyed to a distributor plate 205, preferably motorized,
where they are stranded in an SZ stranding lay. For example, for twelve transmission
elements and one water swellable yam, the distributor plate 205 can provide a geometri-
cal positioning 1+6+6.

The bundle resulting from the distributor plate 205 enters in an extruder 206 where 1t is

inserted into a retaining element to provide, e.g., a micromodule. Said extruder 206
comprises an extrusion head, the distance between the stranding device and the

extrusion head being comprised between 280 mm and 700 mm. The micromodule 15
then made to pass through a cooling through 207, that comprises water at a temperature,
advantageously, of 20°C. The micromodule is then driven to a take-up system 209 by a

line-pulling capstan 208.

Example 1

Optical cables

Three optical cables with the design of Figure 2 and an external diameter ot 13.8 mm
were manufactured with water-blocked micromodules, according to the following

specifications:

- protecting tube of HDPE internally buffered with water swellable powder
and talc; the protecting tube had an outer diameter of 6.1 mm and an inner

diameter of 4.6 mm;

- reinforcing armor provided in radially external position over the sheath, and
made of glass fibers, containing filaments treated with water swellable

powder,

- water swellable longitudinal tape;
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- two ripcords;

- two longitudinal reinforcements in glass fiber reinforced plastic having a

diameter of 1.7 mm;

- thermoplastic sheath enveloping the longitudinal reinforcements, being
5 made of HDPE with a thickness of about 2.4 mm;

- four micromodules SZ stranded with an oscillation angle of + 280° and a
pitch of 2 m, each comprising:

- twelve optical fibers Pirelli NEON® each having a diameter of about
0.245 mm;

10 - a retaining element of LSOH material , based on LLDPE and EVA as
thermoplastic polymeric materials and magnesium hydroxide as

morganic filler, having diameters and inner volume according to Table
3; and

- one water swellable yarn as from the following Table 1.

15 Table |
Vi Swelling after 2
Cable § Water swellable yarn minutes (%)
[mm’/m]
| GTB 150
1 3023 100
| (667 dTex)
E GTR 200
2| 1915 100
| | (500 dTex)
Twaron® 1052 ' |
3 (1750dTex) 1897 88

— e . —— e lir——e—r

Swelling volume V,, and swelling percentage in time (swelling speed) were evaluated
by means of a cylindrical container (diameter = 75 mm) housing a piston with known
weight (60 g), the latter being free to vertically move. A known length of the water
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swellable yarn to test (dry sample) was positioned between the piston and the bottom of
the cylindrical container, to compose a monolayered warp. The yarn was left to swell in
contact with bidistilled water flowing through holes 1n the piston base. A micrometric

comparator measured the movement of the piston during the time.

The water swellable yarns were also tested for their mechanical characteristics. The

results are set forth in Table 2.

Table 2
Ultimate tensile Elongation at
‘ strength (N) break (%)
o GTB 150 0
2 GTB 200 6 11
3 Ii Tw?ron® 1052 ’ 35—0 # ( 57 l

. ~——— el —edPP- il - Wt e . L

GTB 150-667 dTex and GTB 200-500 dTex are water swellable yams composed by
polyacrylate swellable fibers on polyester support fibers (Geca-Tapes). Twaron"~1052-

1750dTex is a water swellable yarn impregnated with a super-absorbing polymer
(Twaron Products V.o.F., The Netherlands).

Example 2

Water propagation tests along water-blocked micromodules

The water propagation tests were performed according to the method F5B provided by
international standard IEC 60794-1-2 (2001). In particular, the resistance to water
propagation along the micromodules was evaluated by applying 1 m water head for 24
hours at an end of micromodule samples having length from 1 to 4 m. The cable

samples contain micromodules as identified 1n Example 1, but with different number of
optical fibers, as specified in the test results and comments.

It was noticed that micromodule samples with the same features in term of water
swellable yarn and number of optical fibers, but with different lengths did not provide

significantly different test results.
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Tests were effected on micromodules containing one water swellable yarn and a number
of optical fibers ranging from 1 to 12, as well as the water swellable yarn only. The
inner volume V; of each tested retaining element remained unchanged while varying the

number of transmission elements housed therein and, accordingly, the free volume per
ﬁber Vt.

Figure 4 and 5 show the results of the series of tests performed on cables according to
Example 1. For each cable type, identified by both the water swellable yarn type and the
number of fibers housed in the micromodule, No. 8 micromodule samples have been

tested and the reported values are the average of the single test results.

The water blocking effect performed by each water swellable yam tested was
satisfactory in the absence of optical fibers in the micromodule. Increasing the optical
fiber number housed in the micromodule, the water propagation lengthened. This 1s
surprising because contrary to the hypothesis that the water propagation should be

reduced by progressively decreasing the clearance (the total free volume Vir and the
free volume per fiber V,) left to the water longitudinal propagation.

In particular, Figure 4 shows the influence of the transmission element number over the
water blocking capacity of the water swellable yam. By increasing the number of
transmission elements, the water propagation along each micromodule increased. In
cable 1 containing the GTB 150 as water swellable yarn, the water propagation was
confined in about 1 m even when the transmission elements amounted to 12; in the other
cables, containing water swellable yarn having a V,, remarkably smaller than that of
GTB150, such a limited water penetration was observed with a number of transmission

elements up to 3-4.

Tests for cable 1 went on for 14 days (test suspended at the 15" day) and the water
propagation never reached the 200 cm length. More specifically, cable 1 samples
containing 12 optical fibers showed top water propagation length of 68-145 cm afier 14
day-test.

Figure 5 show that the water propagation along the tested micromodules changes as a
fimction of the free volume per fiber V.. The addition of optical fibers progressively
reduced V,. The swelling volume of the water swellable yarn is one of the factors

limiting the water propagation. The chart of Figure 5 attests that water swellable yarns

with lower V, can efficiently perform only for free volume per transmission element V,

larger than the predetermined value.
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The following Table 3 summatrizes the geometrical charactenstics of the micromodule

components, the volume retationship described by the equation of the mnvention, and the

results obtained from the waler propagation tests.

Table 3
I Rctainingd# - TWater_swglﬁl;blc[ T l )  [Water prOpag;-l ‘
| element v, yarn _ Ve Ve | Vg v ] tion length iD |
OD/ID [rm] [mm3/m] Vi [mm*/m] | [mm’/m] |{[mm*m]}] """} (average) | Fig. 6 |
| ' [mm’/m] T  [m] | |
l N T o T r
[ 12 565.7 | 48.68 ]584.2 | 5.17 02 ] A ’
| 1 {
10 | 471.4 < | 678.5 | 4.45 l |
I\ GTB150 L 67.85 |° 0.84 L.
1.46/1.21 | 11499 | 1023
1 - 8§ | 377.1 | 9659 |772.8 | 3.91 069 | M
’ 6 282.6 144.51 | 87.0 | 3.49 0.59 N
) o , R i#
12 565.7 43 99 527.9 | 3.63 419 B
| - ~— e . | ]
| 10 | 4714 | 6222 6222 1306 | 304 | G
) i _ .
| GTB200 T _ '
146/1.18 11093.59 8 377.1 89.55 7164 | 2.67 i 212 H '
4 1915 . : Rkl
| 6 | 2826 |13512 |8107 |2 vas |1 |
- ]
4 | 188.6 |226 905.0 | 2.12 0.99 C
12 | 565.7 547.9 <
Twaron@ T 43 99 __._.l 475 D )
1.46/1.18 11093.39
1897 3 | 1414 {317 39 | 9522 l 199 | 09 | B |
i S— o _ . — «
| 1.46/1.23 {1188.23 12 1 565.7 | 5188 |622.5 | 4.86 | 102 | F |
| ~t 3023} | -

OD = outer diameter ID= inner diameter

The Twaron® yarn is a 1052 type as from previous Table 1 and 2.

The water propagation data underlined are those according to the F3B of international

standard TEC 60794-1-2 (2001).
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Figure 6 illustrates the relationship V,,/V1r as a function of the free volume per fiber V,
which, in turn, depends on the number of transmission elements housed in the retaining
element. The curve in Figure 6 is for equation (1) of the invention wherein k=182 and
R=1,42. Some of the points of Figure 6 correspond to the experiments detailed in Table
3 and are identified by the ID letter. The points D, B, G, H, and I, below the curve,
correspond to experiments resulting in a water migration appreciably longer than 1 m.
The points L, M, and N, above the curve, correspond to experiments resulting in a water

migration shorter than 1 m.

In particular, for high V, values, typical of loose tube design, V/V7e 1s nearly constant,
whereas for low V, values, typical of the micromodule construction, V/V1r is strongly
affected by the variation of V. At constant Vi, the behavior 1s sigmficantly ditferent in
case of few transmission elements or many fransmission elements housed in the

retaining element.
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CLAIMS

1. Process for manufacturing an optical cable comprising a retaining element
housing at least two transmission elements and a water swellable yarn, said process
comprising the steps of:

associating the transmission elements and the water swellable yarn together to
form a bundle;

extruding the retaining element around said bundle;
wherein the step of associating the transmission elements and the water swellable yarn
together comprises the step of applying a powdery anti-friction agent over the

transmission elements.

2. Process according to claim 1, wherein the step of associating the transmission
elements and the water swellable yarn together comprises the step of stranding the

transmission elements and the water swellable yarn.

3. Process according to claim 2, wherein the stranding step is eflected after the

step of applying a powdery anti-friction agent.

4, Process according to claim 1, wherein the step of applying a powdery anti-
friction agent comprises the step of advancing together the transmission elements

through a powdery anti-friction agent applicator.

3. Process according to claim 1, wherein the step of applying a powdery anti-
friction agent over the transmission elements comprises the step of shielding the water

swellable yarn from powdery anti-friction agent application.

6. Process according to claim 2, wherein the stranding step is an SZ stranding step.
7. Process according to claim 1, wherein the powdery anti-friction agent 1s talc.
8. Process according to claim 1, wherein the powdery anti-friction agent has an

average grain size diameter Dsy <5 pm.

9. Process according to claim I, wherein the transmission elements are optical
fibers.
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10. Process according to claim 1, comprising the step of eliminating a surplus of
powdery anti-friction agent from the surfaces of at least one of transmission elements

and water swellable yarn.
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