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Description

BACKGROUND

[0001] The present invention relates to the production of optical fibre units for air-blown installations. More in particular,
the present invention relates to a process and apparatus for manufacturing a blown optical fibre unit.

PRIOR ART

[0002] Blown fibre installations may comprise ducting or any type of passage along which an optical fibre cable or an
optical fibre unit can be blown. Optical fibre assemblies for blown installation are known, for example, from US 5,533,164.
[0003] EP0521710 discloses an optical fibre package suitable for blown installation and a method of making an optical
fibre package for blown installation in a continuous process.
[0004] In known optical fibre units, coated optical fibres (for example, four, in bundles or ribbon, but also a single
optical fibre) are contained within a soft inner layer enclosed in an outer harder layer where particulate material (hollow
or solid glass beads) is embedded.
[0005] EP 0 757 022 discloses an apparatus and method for use in applying particles to an external layer of uncured
resin material of a coating of an optical fibre unit comprising at least one optical fibre unit. The apparatus comprises
means defining an axially extending through-passage through which, in use, such an optical fibre unit is passed, said
passage defining means having an inlet for admitting fluidised particles into said through-passage, and said through-
passage being provided with means for generating turbulence in such fluidised particles in said through-passage. Ribs
extending circumferentially of the through-passage could be provided. Such ribs define a plurality of axially spaced
restrictions in the through-passage for generating turbulence in the fluidised particles which, in use, flow through the
through-passage. Since the flow of particles is constrained to make a 90 DEG turn on entering the through-passage, a
degree of turbulence is generated in the flow.
[0006] US 7,618,676 discloses a fibre unit coating method and apparatus. The apparatus includes a chamber into
which an uncured resin coated fibre unit is passed. Microspheres mixed with air are fed into the chamber via ducts and
apertures. The system allows controllable application of the microspheres by varying the rate of flow of the air/microsphere
mixture. Positive pressure chambers are provided to prevent the microspheres from blocking the inlet and outlet points
where the fibre unit enters and leaves the chamber. Overall the flow of gas and microsphere mixture is generally parallel
to the fibre. This means that it prevents a significant number of the microspheres from impinging directly onto the fibre
at too great a speed. This enables the system to be run at very high speeds, typically between 300-500 m/min.

SUMMARY OF THE INVENTION

[0007] In the present description and claims, the term "optical fibre unit for air-blown installation" (or, simply, "blown
optical fibre unit" or "optical fibre unit") will be used for indicating one or more of optical fibres contained within a cured
inner resin layer which is, in turn, enclosed in a cured outer resin layer where particulate material is embedded.
[0008] In the present description and claims, the term "optical fibre assembly" will be used for indicating one or more
of optical fibres contained within a cured inner resin layer which is, in turn, enclosed in an outer resin layer (which is to
be cured after particulate material/beads embedding).
[0009] The embedding of beads into the uncured outer layer should be:

- as uniform as possible along the fibre unit;
- not too deep to cause attenuation and poor surface effect (useful for providing the blown optical fibre unit with the

suitable friction to be blown without damages);
- not too shallow to cause beads detachment during the blown operation.

[0010] All the above features should be attained in a continuous manufacturing process carried out at an industrially
profitable speed and continuity. Also, the apparatus of this process should be suitable for producing blown optical fibre
units having different features (e.g. layer thickness, number of optical fibres, bead diameter).
[0011] The Applicant has experienced that the manufacturing apparatus of EP 0 757 022 works at slow process speed
and needs frequent stops for maintenance for removing precipitated beads. Also, it is suitable for producing blown optical
fibre units with a limited outer layer thickness only, as it will be shown in the following of the description.
[0012] Tests carried out on a chamber according to US 7,618,676 also revealed other problems, as disclosed here-
inbelow.
[0013] The Applicant carried out tests on known beading chambers where particulate material is caused to become
embedded in the outer resin. It has been noticed that the radial distribution of the speed of the fluid entraining the
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particulate material injected into the chamber tends to change while travelling therethrough, and, in the exit section of
chamber the actual speed of fluid flow close to the travelling optical fibre assembly was seen to be relatively low with
respect to the one of the flow near to the chamber wall.
[0014] It has been observed that the impact velocity relative to that of the optical fibre assembly was as low as to result
in a poor bead coverage (i.e. the number of particles embedded per mm2 of resin surface) of the uncured resin.
[0015] The Applicant also noted that the beads have a tendency to lose the kinetic energy appropriate to penetrate
the uncured resin layer in time. The bead embedding (i.e. the degree of penetration) seems to deteriorate while increasing
the manufacturing speed.
[0016] Last, but not least, the Applicant’s analysis showed that the production length was limited in a beading chamber
according to prior art, because of fluid flow stagnation occurring at the exit portions of the particle deposition chamber.
At these positions, the beads fell out of fluid suspension, built up and caused lumps on the optical fibre unit. Therefore,
the production run needed to be stopped on a regular basis while beads are removed from these positions.
[0017] The Applicant has faced the problem of improving the coverage and embedding of particle material into the
outer layer of an optical fibre assembly in a continuous line and of improving the performance of the manufacturing
process in terms of speed and reduction of production stops for maintenance. In particular, the Applicant faced the
problem of feeding the particle material in the chamber at a flowing speed suitable from an industrial point of view and
capable of imparting to the particle material the velocity and kinetic energy proper to provide an optical fibre unit with
the low friction feature required by the air-blown installation.
[0018] The Applicant found that an effective particle deposition can be obtained by slowing the speed of the fluid
entraining the particles into the deposition chamber while causing the particles to enter the deposition chamber with an
overall direction substantially parallel to the optical fiber assembly and then to undergo a number of speed changes
during their run through the chamber.
[0019] In particular, the Applicant has noticed that embedding of beads into the outer layer of an optical fibre unit for
air-blown installation could be improved when the particulate material is introduced at a predetermined low speed and
through a slanted passage into a deposition chamber which is configured for generating turbulence.
[0020] According to a first aspect, the present invention provides a process for manufacturing an optical fibre unit for
air-blown installations comprising:

providing a deposition chamber for applying particulate material, said deposition chamber having an inlet end and
an outlet end and a longitudinal axis, a frusto-conical section at the inlet end and a chamber pipe having a longitudinally
changing cross section;
passing through the deposition chamber an optical fibre assembly comprising at least one optical fibre embedded
in an inner layer of cured resin material, and having an outer layer around said inner layer, the outer layer comprising
uncured resin material;
injecting a flow of fluid and particle material in said chamber in a direction substantially parallel to the chamber
longitudinal axis, at a speed of 5 m/s at most;
perturbing the flow when in said chamber, thus causing the particle material to impact and partially embed into the
outer layer of the optical fibre assembly; and
curing the outer layer.

[0021] Unless otherwise stated, within the present description by fluid speed we mean the average speed of the fluid,
or of particle entraining fluid in the relevant duct section.
[0022] The process of the invention may comprise protecting a portion of uncured resin of the optical fibre assembly
from the injection of the flow at the inlet end. Such a stage is aimed at avoiding the just injected particulate material to
impinge on the uncured outer layer at a speed possibly resulting in a too high embedding and an insufficient surface
roughness of the final product.
[0023] Preferably, the fluid injected together with the particle material is dry compressed air. Advantageously, the
compressed air has a dew point of from -30 °C to -38 °C.
[0024] Preferably, the injection speed of the flow is below 4 m/s, more preferably below 3 m/s. Advantageously, the
injection speed is not less than 2 m/s.
[0025] The process of the present invention is effective to manufacture optical fibre units having different diameters
and bead sizes. In particular, the optical fibre assembly passed through the deposition chamber can have an outer layer
with a thickness of from 40 mm to 100 mm, preferably from 50 mm to 70 mm.
[0026] The process speed may be from 250 m/min to 300 m/min.
[0027] The particle material may be embedded with an embedding of from 20% to 70% to provide a surface roughness
of from 80 mm to 150 mm.
[0028] According to a second aspect, the present invention relates to an apparatus for manufacturing an optical fibre
unit for air-blown installation comprising a deposition chamber for applying particulate material, said chamber having an
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inlet end, an outlet end, a longitudinal axis, a frusto-conical section at the inlet end and a chamber pipe having a
longitudinally changing cross section, wherein said apparatus is configured for injecting a flow of fluid and particle material
in said deposition chamber in a direction substantially parallel to the chamber longitudinal axis.
[0029] The longitudinal change of chamber pipe cross section may include cross section size change and cross section
displacement with respect to the chamber pipe longitudinal axis. Preferably, the inner surface of the chamber pipe
comprises cross-section restriction(s) along its longitudinal axis.
[0030] The chamber pipe can be made of steel, polytetrafluoroethylene (PTFE) or of an at least partially transparent
material, for example glass. The use of a transparent material allows visual inspection of the manufacturing process.
[0031] The frusto-conical section at the inlet end is axially converging with respect to the drawing direction.
[0032] At least one through-passage for admitting the particulate material into the chamber pipe, having a longitudinal
axis substantially perpendicular to chamber longitudinal axis, is connected to the frusto-conical section. Advantageously,
two or more through-passages are connected to the frusto-conical section. Advantageously, the two or more through-
passages are reciprocally offset in a horizontal plane perpendicular to the longitudinal axis. The offset configuration can
impart a rotational motion to the fluid entraining the particulate material.
[0033] A tubing for feeding the optical fibre assembly into the chamber pipe, and having a longitudinal axis substantially
coincident to the chamber longitudinal axis can have an end inserted into to the frusto-conical section.
[0034] Advantageously, an extension for shielding the uncured resin of the optical fibre assembly can be attached to
the tubing end into the frusto-conical section. The extension avoids the fluidized particulate material to impinge on the
uncured outer layer at a speed possibly resulting in a too high embedding and an insufficient surface roughness of the
final product.
[0035] Advantageously the deposition chamber has an axially diverging discharge duct.
[0036] The number of optical fibres contained within the inner layer of the optical fiber unit could vary. Typically, the
optical fibre unit has four optical fibres or, alternatively, the optical fibre unit has twelve optical fibres.
[0037] After curing the inner layer has a secant modulus lower than that of the outer layer. Preferably, the secant
modulus at 2.5% strain of the inner layer is of from 0.8 to 1.2 Mpa, while the secant modulus at 2.5 % strain of the outer
layer is of from 656 to 680 Mpa.
[0038] Preferably, before application of particulate material, the outer layer substantially consists of uncured resin
material.
[0039] The particulate material could comprise hollow or solid beads. Solid beads are preferred.
[0040] For the purpose of the present description and of the appended claims, except where 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.
[0041] The present invention will become more clear from the detailed following description, given by way of example
and not of limitation, with reference to the following figures, wherein:

- Figure 1 is a schematic perspective view of a portion of an exemplifying optical fibre unit for air-blown installations;
- Figure 2 is a schematic representation of a portion of a manufacturing apparatus for manufacturing an optical fibre

unit for air-blown installations;
- Figure 3 is a schematic cross-section of a chamber where particulate material is partially embedded into the outer

layer according to one embodiment of the present invention;
- Figure 4 is an enlarged schematic representation of a chamber core according to one embodiment of the invention;

and
- Figure 5 shows a particular of the frusto-conical section at the inlet end of an apparatus according to the present

invention.

DESCRIPTION OF EMBODIMENTS

[0042] Figure 1 is a schematic perspective view of a portion of an optical fibre unit FU for air-blown installations. The
optical fibre unit FU comprises a number of optical fibres F1, F2, F3, F4, an inner layer IL which is radially outer to the
optical fibres and an outer layer OL which is radially outer to the inner layer IL.
[0043] The term "optical fibre" is meant to indicate an optical glass core surrounded by a glass cladding and a coating
system comprising one or two layers of cured resins, for example acrylate resins.
[0044] The outer layer OL comprises particulate material PM which is partially embedded into the outer layer.
[0045] Particulate material can comprise any material which provides low friction when the optical fibre unit FU is
blown in a duct.
[0046] For example, the particulate material could be selected among beads of glass, of ceramic, of polytetrafluor-
oethylene (PTFE) or of high-density polyethylene (HDPE). The beads can be either hollow or solid.
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[0047] The particles of the optical fibre unit manufactured with the process of the invention preferably have a diameter
of from 0.070 mm to 0.150 mm, more preferably of from 0.115 mm to 0.125 mm.
[0048] The particle material coverage - i.e. the amount of beads per unit surface area of the product - in the optical
fibre unit manufactured according to the present process can be of from 15 to 35 beads/mm2.
[0049] The embedding is the amount of sinking of the particles into the optical fibre outer layer, expressed as percentage
of the particle dimension which is embedded into the outer layer. In the optical fibre unit manufactured with the process
of the invention, the embedding of the particle material is of from 20% to 70%, preferably from 20% to 60%. The embedding
should be high enough to maintain the particle fixed into the outer layer, but not too much so as to compromise the
surface roughness parameter. As a matter of fact, a relatively high surface roughness reduces the friction between the
optical fiber unit and the duct during the blowing procedure and increases the ability of the optical fiber unit to be entrained
by the air blowing.
[0050] The surface roughness (Rz) of the optical fibre unit should be suitable to provide the sought friction for enabling
the unit to be installed by air-blown techniques. Surface roughness is connected to the embedding parameter in that the
less the particles are embedded, the more the surface of the optical fibre unit is rough and vice versa. The surface
roughness can be evaluated by SJ400 surface roughness tester (Mitutoyo Ltd).
[0051] Rz (DIN) is the average distance between the highest peak and lowest valley in each sampling length, (ASME
Y14.36M - 1996 Surface Texture Symbols).
[0052] The optical fibre unit manufactured with the process of the invention has a surface roughness Rz of from 80
mm to 150 mm.
[0053] Figure 2 is a schematic representation of a portion of a manufacturing apparatus 100 for manufacturing an
optical fibre unit FU for air-blown installations according to the present invention.
[0054] Four coated optical fibres F1 to F4 are unwound from corresponding reels 101-1 to 101-4 and then grouped
at a grouping unit 102.
[0055] The apparatus 100 further comprises:

- an inner layer applicator unit 103 which applies inner layer IL to the grouped optical fibres;
- a first curing unit 104 where inner layer is cured;
- an outer layer applicator unit 105 which applies outer layer OL on cured inner layer IL;
- a particulate material applicator unit 106 which applies particulate material PM to the outer layer OL;
- a second curing unit 107 where outer layer OL, provided with particulate material PM is cured.

[0056] Profitably, the apparatus 100 allows manufacturing an optical fibre unit FU according to a continuous process.
[0057] In embodiments of the invention, the first curing unit 104 operates a curing by ultraviolet radiation. Ultraviolet
exposure could be carried out by a "D" lamp type and ultraviolet exposure power could be from about 0.15 to about 0.22
watt/cm2. In embodiments of the invention, it could be approximately 0.19 watt/cm2.
[0058] Also second curing unit 107 can operate by ultraviolet radiation. Ultraviolet exposure could be "D" lamp type
and ultraviolet exposure power could be from about 0.15 watt/cm2 to about 0.22 watt/cm2. In embodiments of the
invention, it could be approximately 0.19 watt/cm2.
[0059] Process speed is the speed at which the optical fibres enter the grouping unit 102, which substantially corre-
sponds to the speed at which the optical fibre unit FU exits the apparatus.
[0060] The process speed is higher than 100 m/min and can exceed 300 m/min (possibly up to 500 m/min). Preferably,
the process speed is between 250 m/min and 300 m/min.
[0061] Particulate material applicator unit 106 comprises a deposition chamber through which the optical fibre assembly
with uncured outer layer is caused to travel. In the chamber, particulate material is caused to impinge against uncured
outer layer and to partially become embedded therein.
[0062] Figure 3 shows a deposition chamber 10 according to the present invention. The optical fibre assembly enters
the chamber by a tubing 15 inserted into an axially converging frusto-conical section 13 and travels substantially along
the chamber longitudinal axis A - B in the direction of the arrow a, which is the drawing direction. As it will be explained
in more details, at least one through-passage 12 is provided for the injection of a flow of fluid, for example air, and
particulate material into a chamber pipe 14. In the embodiment of Figure 3, two opposite through-passages 12 offset in
the horizontally plane perpendicular to the longitudinal axis A-B are connected to the frusto-conical section 13. In other
embodiment (not shown) further flow admitting ducts could be provided.
[0063] An extension 16 is preferably provided to the end of the tubing 15 protruding into the frusto-conical section 13.
The extension 16 can help to protect the uncured resin matrix at the point of injection where the fluid entraining the
particulate material enters into the chamber pipe 14. The extension 16 could be made of metal, such as stainless steel;
ceramic or glass.
[0064] The chamber 10 according to the present invention further preferably comprises a discharge exit 18 for dis-
missing the fraction of particulate material which failed to embed into the uncured outer layer. In the embodiment shown
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in Figure 3, the discharge exit 18 is a frusto-conical section axially diverging from the drawing direction, having one or
more outgoing ducts 18a connected thereto (for example three). Preferably, the discharge exit 18 has surface inclined
toward the outlet end by an angle β of 35° to 45°, more preferably by 40° with respect to the longitudinal axis A-B.
[0065] Profitably, the chamber pipe 14 is made in a single piece.
[0066] The chamber pipe 14 comprises a tubular body having a substantially circular cross-section. This cross section
is preferably substantially constant in proximity of the inlet and the outlet ends a, b. Preferably, in its central part, the
tubular body has a number of narrowings 14’ of its cross section.
[0067] In the example shown in Figure 4, the chamber pipe 14 is shown with five annular narrowings 14’.
[0068] The narrowings 14’ are arranged according to a pitch 141 which is substantially constant. The pitch 141 could
be substantially equal to the inner diameter of chamber pipe at its inlet and outlet ends.
[0069] For example, the inner diameters at the inlet and outlet ends are of 0.26 mm and the pitch 141 is of 0.27 mm.
[0070] The profile of the central part of chamber pipe of Figure 4, when seen in longitudinal cross-section, is shaped
in form of sinusoid, where sharp edges are preferably avoided.
[0071] Having reference to Figure 5, the configuration of the fluid entrance portion will be further detailed. Each through-
passage 12 has a respective longitudinal axis C, D substantially perpendicular to the longitudinal axis A-B. The frusto-
conical section 13 has a surface inclined by angle α of from 15° to 45°, preferably of about 36° with respect to longitudinal
axis A-B.
[0072] The frusto-conical section 13 comprises an upper portion 13a and a lower portion 13b. The upper portion 13a
is a substantially toroidal volume defined by the outer surface of the frusto-conical section 13 and the surface of the
conical insert 15a coaxially inserted therein.
[0073] In the depicted embodiment, the tubing 15 protrudes of about 10.5 mm into the frusto-conical section 13, and
it is provided with a 35 mm-long extension 16, protruding of 5.5 mm beyond the bottom of the frusto-conical section 13.
[0074] Preferably, the two through-passages 12 are diametrically offset, so as to impart a rotational motion to the fluid.
[0075] When the fluid entraining the particulate material flows from the through-passages 12 in to the toroidal upper
portion 13a of the frusto-conical section 13, it enters in a zone having increased transversal area and, thereafter, the
fluid speed is progressively accelerated while flowing downstream.
[0076] Such a speed change is conducive to produce a fluid vortex in the direction of the fibre unit movement.
[0077] The Applicant carried out production tests on diverse deposition chambers to evaluate process and product
parameters. In all of the test runs the particulate material was solid glass beads having an average diameter of 0.12
mm. The results are set forth in Table 1.

[0078] Chamber assembly 1 (comparative) included an axially extended passage with a substantially radial fluid inlet,
with diameter of 18 mm and length 32 mm, followed by a chamber pipe having inner diameter of about 25 mm and length
of about 235 mm and including 5 evenly spaced restrictions with inner diameter of about 15 mm, substantially corre-
sponding to the chamber assembly disclosed in figure 3 of the already mentioned EP 0 757 022.
[0079] Chamber assembly 2 (comparative) was substantially similar to the one disclosed by the already mentioned
US 7,618,676, Figure 8 and included a frusto-conical input cavity with input diameter of 59 mm+/- 1mm, length of 67mm+/-
1mm and output diameter of 26mm+/-1mm, followed by a cylindrical pipe having a constant diameter of about 25 mm
and length of about 235 mm; the fluid inlets had a substantially input radial direction and were curved with a final outlet
with axis parallel to the fiber path.
[0080] Chamber assembly 3 was according to an embodiment of the invention and included a frusto-conical input
cavity with input diameter 59mm+/-1 mm, length 67 mm +/-1mm and output diameter 26 mm+/-1 mm, followed by a
chamber pipe having inner diameter of about 25 mm and length of about 235 mm and including 5 evenly spaced
restrictions with inner diameter of about 15 mm.
[0081] As for comparative Chamber assembly 1, a limited length of optical fibre unit was manufactured before stop
due to apparatus maintenance (cleaning) requirements, and the process speed had to be limited to 150 m/min. The

Table 1

Parameter Chamber assy 1* Chamber assy 2* Chamber assy 3

Maximum production length 18 km 12 km 150 km

Process speed 150 m/min 300 m/min 300 m/min

Fluid injection speed 4 m/s 4 m/s 2.3 m/s

Bead embedding <20% 89% 40%

Surface roughness (Rz) >60 mm 70 mm 120 mm
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optical fibre assembly tested had a satisfactory surface roughness at the test speed of 150 m/min with an outer layer
30 mm thick.
[0082] When the thickness of the outer layer was changed to 60 mm while maintaining the process speed at 150
m/min, the resulting fibre unit showed a low surface roughness (<50 mm, due to excessive bead embedding), unsuitable
for the air blown installation and an excessive bead coverage (>40 beads/mm2), making the product unacceptably brittle.
This negative outcome was independent from the injection speed imparted to fluid.
[0083] Making the apparatus to run at 300 m/min with an outer layer 60 mm thick, the resulting product showed a bead
coverage <10 beads/mm2, insufficient for the air blown installation, when the fluid injection speed was of 2-3 m/s. When
the fluid injection speed was of 4 m/s or more the resulting product showed an excessive bead embedding (>90%),
negatively affecting the surface roughness.
[0084] Summarizing, an apparatus comprising Chamber assembly 1, besides working at slow process speed and
frequent maintenance stops, cannot be used for producing optical fibre unit with an outer layer thickness greater than
30 mm.
[0085] As for comparative Chamber assembly 2, a stop for apparatus maintenance due to lumps formation was
necessary after the production of 12 km of optical fibre unit.
[0086] The outer layer of the optical fibre assembly used in this chamber had a thickness of 100 mm.
[0087] The resulting surface roughness was satisfactory, but the bead embedding was too high (89%) and resulted
in a very brittle product not passing the 40 mm bend test according to IEC 60794-1-2 Ed 2.
[0088] The deposition process in comparative Chamber assembly 2 was also evaluated by a Computational Fluid
Dynamics (CFD) study. A fluid comprising air and particulate material (beads) was injected into the deposition chamber
at a 4 m/s speed and reached a speed of 90 m/s in the vicinity of the exit of the cylindrical pipe, causing the most of the
bead impacts on the optical fiber assembly to happen in the second half of the cylindrical pipe. This uneven speed profile
along the chamber resulted in a poor bead coverage in the chamber portion closer to the inlet. Also a too deep impact
was observed.
[0089] To improve the local coverage it was tried to increase the fluid injection speed; unfortunately, this caused deeper
embedding of the particles.
[0090] In addition, fluid flow stagnation occurred near the inlet and outlet ends of the deposition chamber, where the
particulate material fell out of fluid suspension and adhered to the optical fibre assembly, causing lumps thereon.
[0091] The process of the invention was applied in testing Chamber assembly 3.
[0092] Spans of optical fibre units much longer than those produced with the comparative processes and chambers
were manufactured before maintenance stop (150 km). The outer layer of the optical fibre assembly used in this chamber
had a thickness of 60 mm.
[0093] The resulting product showed a particle embedding of 40%, such as to provide a surface roughness of 120
mm, ensuring the optical fibre unit an efficient behaviour during the blowing procedure.
[0094] Also the local bead coverage was satisfying and the product passed the 40 mm bend test.

Claims

1. Process for manufacturing an optical fibre unit (FU) for air-blown installations comprising:

- providing a deposition chamber (10) for applying particulate material (PM), said deposition chamber (10) having
an inlet end and an outlet end and a longitudinal axis (A-B), a frusto-conical section (13) at the inlet end and a
chamber pipe (14) having a longitudinally changing cross section;
- passing through the deposition chamber (10) an optical fibre assembly comprising at least one optical fibre
(F1, F2, F3, F4) embedded in an inner layer (IL) of cured resin material, and having an outer layer (OL) around
said inner layer (IL), the outer layer (OL) comprising uncured resin material;
- injecting a flow of fluid and particle material (PM) in said chamber (10) in a direction substantially parallel to
the chamber longitudinal axis (A-B), at an injection speed of 5 m/s at most;
- perturbing the flow when in said deposition chamber (10), thus causing the particle material (PM) to impact
and partially embed into the outer layer of the optical fibre assembly; and
- curing the outer layer (OL).

2. Process according to claim 1 comprising protecting a portion of uncured resin of the optical fibre assembly at a point
of injection where the fluid entraining the particle material (PM) enters into the deposition chamber (10).

3. Process according to claim 1 wherein the injection speed of the flow is below 4 m/s.
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4. Process according to claim 3 wherein the injection speed of the flow is below 3 m/s.

5. Process according to claim 1 wherein passing through comprises passing through the deposition chamber (10) an
optical fibre assembly comprising an outer layer (OL) with a thickness from 40 mm to 100 mm.

6. Process according to claim 5 wherein passing through comprises passing through the deposition chamber (10) an
optical fibre assembly comprising an outer layer (OL) of from 50 mm to 70 mm.

7. Process according to claim 1 having a process speed of from 250 m/min to 300 m/min.

8. Process according to claim 1 wherein perturbing the flow comprises perturbing the flow thus causing the particle
material (PM) to impact and embed with an embedding of from 20% to 70% to provide a surface roughness (Rz) of
from 80 to 150 mm.

9. Apparatus for manufacturing an optical fibre unit (FU) for air-blown installations comprising a deposition chamber
(10) for applying particulate material (PM), said chamber (10) having an inlet and an outlet end, a longitudinal axis
(A-B), a frusto-conical section (13) at the inlet end and a chamber pipe (14) having a longitudinally changing cross
section, wherein said apparatus is configured for injecting a flow of fluid and particle material (PM) in said deposition
chamber (10) in a direction substantially parallel to the chamber longitudinal axis (A-B).

10. Apparatus according to claim 9 wherein the inner surface of the chamber pipe (14) comprises cross-section restric-
tion(s) along its longitudinal axis (A-B).

11. Apparatus according to claim 9 comprising at least one through-passage (12) connected to the frusto-conical section
(13).

12. Apparatus according to claim 11 wherein the through-passage (12) has a longitudinal axis (C, D) perpendicular to
chamber longitudinal axis (A-B).

13. Apparatus according to claim 11 comprising two or more through-passages (12) reciprocally offset in a horizontal
plane perpendicular to the longitudinal axis (A-B).

14. Apparatus according to claim 9 wherein the deposition chamber (10) comprises an extension (16) for a tubing (15)
inserted into the frusto-conical section (13).

15. Apparatus according to claim 9 wherein the deposition chamber has an axially diverging discharge duct.

Patentansprüche

1. Verfahren zur Herstellung einer Glasfasereinheit (FU) für eine einblasende Installation, umfassend:

- Bereitstellung einer Abscheidekammer (10) zum Aufbringen von partikelförmigen Material (PM), wobei die
Abscheidekammer (10) ein Einlassende und ein Auslassende und eine Längsachse (AB) und einen kegel-
stumpfförmigen Abschnitt (13) am Einlassende aufweist sowie ein Kammerrohr (14) mit einem sich in Längs-
richtung änderndem Querschnitt;
- Durchlaufen der Abscheidekammer (10) von einer optischen Glasfaseranordnung, die mindestens eine Glas-
faser (F1, F2, F3, F4) umfasst, die in eine innere Schicht (IL) aus gehärtetem Harzmaterial eingebettet ist und
eine äußere Schicht (OL) aufweist, welche die innere Schicht (IL) umgibt, wobei die äußere Schicht (OL) un-
gehärtetes Harzmaterial umfasst;
- Injizieren eines Stroms aus einem Fluid und partikelförmigen Material (PM) in die Kammer (10) in einer Richtung,
die im Wesentlichen parallel zur Kammerlängsachse (AB) orientiert ist, mit einer Einspritzgeschwindigkeit von
höchstens 5 m/s;
- Störung des Stroms in der Abscheidekammer (10), wodurch das partikelförmige Material (PM) auf die äußere
Schicht der optischen Glasfaseranordnung auftrifft und teilweise in diese eingebettet wird; und
- Aushärten der äußeren Schicht (OL).

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass ein Teil nicht ausgehärteten Harzes der Glasfaser-



EP 3 004 018 B1

9

5

10

15

20

25

30

35

40

45

50

55

anordnung an einem Einspritzpunkt beim Eintritt in die Abscheidekammer (10), an dem das Fluid das partikelförmige
Material (PM) mitreißt, geschützt wird.

3. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass eine Einspritzgeschwindigkeit des Stroms unter 4
m/s liegt.

4. Verfahren nach Anspruch 3, dadurch gekennzeichnet, dass die Einspritzgeschwindigkeit des Stroms unter 3 m/s
liegt.

5. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass das Durchlaufen ein Durchlaufen einer Glasfasera-
nordnung durch die Abscheidekammer (10) umfasst, wobei die Glasfaseranordnung eine Außenschicht (OL) mit
einer Dicke von 40 mm bis 100 mm aufweist.

6. Verfahren nach Anspruch 5, dadurch gekennzeichnet, dass das Durchlaufen ein Durchlaufen einer Glasfasera-
nordnung durch die Abscheidekammer (10) umfasst, wobei die Glasfaseranordnung eine Außenschicht (OL) mit
einer Dicke von 50 mm bis 700 mm aufweist.

7. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass eine Prozessgeschwindigkeit 250 m/min bis 300
m/min beträgt.

8. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass das Stören des Stroms bewirkt, dass das partikel-
förmige Material (PM) auftrifft und eingebettet wird mit einer Einbettung von 20% bis 70% und zu einer Oberflä-
chenrauheit (Rz) von 80 mm bis 150 mm führt.

9. Vorrichtung zur Herstellung einer Glasfasereinheit (FU) für eine einblasende Installation mit einer Abscheidekammer
(10) zum Aufbringen von partikelförmigen Material (PM), wobei die Kammer (10) ein Einlass- und ein Auslassende,
eine Längsachse (A-B) einen kegelstumpfförmigen Abschnitt (13) am Einlassende und ein Kammerrohr (14) mit
einem sich in Längsrichtung änderndem Querschnitt aufweist, wobei die Vorrichtung zum Einspritzen eines Strom
aus einem Fluid und dem partikelförmigen Material (PM) in die Abscheidekammer (10) ausgebildet ist in eine im
Wesentlichen parallel zur Kammerlängsachse (A- B) orientierte Richtung.

10. Vorrichtung nach Anspruch 9, dadurch gekennzeichnet, dass eine Innenfläche des Kammerrohrs (14) Quer-
schnittsbeschränkung(en) entlang seiner Längsachse (AB) aufweist.

11. Vorrichtung nach Anspruch 9, gekennzeichnet durch mindestens einen Durchgang (12), der mit dem kegelstumpf-
förmigen Abschnitt (13) verbunden ist.

12. Vorrichtung nach Anspruch 11, dadurch gekennzeichnet, dass der Durchgang (12) eine Längsachse (C, D) senk-
recht zur Kammerlängsachse (AB) aufweist.

13. Vorrichtung nach Anspruch 11, gekennzeichnet durch zwei oder mehr Durchgängen (12), die in einer horizontalen
Ebene senkrecht zur Längsachse (AB) zueinander versetzt sind.

14. Vorrichtung nach Anspruch 9, dadurch gekennzeichnet, dass die Abscheidekammer (10) eine Verlängerung (16)
für ein Rohr (15) aufweist, das in den kegelstumpfförmigen Abschnitt (13) eingesetzt ist.

15. Vorrichtung nach Anspruch 9, dadurch gekennzeichnet, dass die Abscheidekammer (10) einen axial divergieren-
den Ablaufkanal aufweist.

Revendications

1. Procédé de fabrication d’une unité de fibre (FU) optique pour des installations à soufflage d’air comprenant :

- la fourniture d’une chambre de dépôt (10) pour appliquer un matériau particulaire (PM), ladite chambre de
dépôt (10) ayant une extrémité d’entrée et une extrémité de sortie et un axe longitudinal (A-B), une section
tronconique (13) au niveau de l’extrémité d’entrée et une canalisation de chambre (14) ayant une section
transversale changeant longitudinalement ;



EP 3 004 018 B1

10

5

10

15

20

25

30

35

40

45

50

55

- le passage au travers de la chambre de dépôt (10) d’un ensemble de fibres optiques comprenant au moins
une fibre optique (F1, F2, F3, F4) incorporée dans une couche intérieure (IL) de matériau de résine durcie, et
ayant une couche extérieure (OL) autour de ladite couche intérieure (IL), la couche extérieure (OL) comprenant
un matériau de résine non durcie ;
- l’injection d’un écoulement de fluide et de matériau particulaire (PM) dans ladite chambre (10) dans une
direction sensiblement parallèle à l’axe longitudinal de chambre (A-B), à une vitesse d’injection de 5 m/s au plus ;
- la perturbation de l’écoulement lorsqu’il est dans ladite chambre de dépôt (10), amenant ainsi le matériau
particulaire (PM) à heurter et à s’incorporer partiellement dans la couche extérieure de l’ensemble de fibres
optiques ; et
- le durcissement de la couche extérieure (OL).

2. Procédé selon la revendication 1, comprenant la protection d’une portion de résine non durcie de l’ensemble de
fibres optiques au niveau d’un point d’injection où le fluide entraînant le matériau particulaire (PM) entre dans la
chambre de dépôt (10).

3. Procédé selon la revendication 1, dans lequel la vitesse d’injection de l’écoulement est inférieure à 4 m/s.

4. Procédé selon la revendication 3, dans lequel la vitesse d’injection de l’écoulement est inférieure à 3 m/s.

5. Procédé selon la revendication 1, dans lequel le passage au travers comprend le passage au travers de la chambre
de dépôt (10) d’un ensemble de fibres optiques comprenant une couche extérieure (OL) avec une épaisseur de 40
mm à 100 mm.

6. Procédé selon la revendication 5, dans lequel le passage au travers comprend le passage au travers de la chambre
de dépôt (10) d’un ensemble de fibres optiques comprenant une couche extérieure (OL) de 50 mm à 70 mm.

7. Procédé selon la revendication 1, ayant une vitesse de procédé de 250 m/min à 300 m/min.

8. Procédé selon la revendication 1, dans lequel la perturbation de l’écoulement comprend la perturbation de l’écou-
lement amenant ainsi le matériau particulaire (PM) à heurter et à s’incorporer avec une incorporation de 20 % à 70
% pour fournir une rugosité de surface (Rz) de 80 à 150 mm.

9. Appareil de fabrication d’une unité de fibre (FU) optique pour des installations à soufflage d’air comprenant une
chambre de dépôt (10) pour appliquer un matériau particulaire (PM), ladite chambre (10) ayant une extrémité d’entrée
et une extrémité de sortie, un axe longitudinal (A-B), une section tronconique (13) au niveau de l’extrémité d’entrée
et une canalisation de chambre (14) ayant une section transversale changeant longitudinalement, dans lequel ledit
appareil est configuré pour injecter un écoulement de fluide et un matériau particulaire (PM) dans ladite chambre
de dépôt (10) dans une direction sensiblement parallèle à l’axe de longitudinal chambre (A-B).

10. Appareil selon la revendication 9, dans lequel la surface intérieure de la canalisation de chambre (14) comprend
un ou des étranglement(s) de section transversale suivant son axe longitudinal (A-B).

11. Appareil selon la revendication 9, comprenant au moins un passage traversant (12) raccordé à la section tronconique
(13).

12. Appareil selon la revendication 11, dans lequel le passage traversant (12) a un axe longitudinal (C, D) perpendiculaire
à l’axe longitudinal de chambre (A-B).

13. Appareil selon la revendication 11, comprenant deux passages traversants (12) ou plus décalés réciproquement
dans un plan horizontal perpendiculaire à l’axe longitudinal (A-B).

14. Appareil selon la revendication 9, dans lequel la chambre de dépôt (10) comprend une extension (16) pour un tube
(15) inséré dans la section tronconique (13).

15. Appareil selon la revendication 9, dans lequel la chambre de dépôt a une conduite de décharge divergeant axiale-
ment.
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