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IMPROVED OPTICAL FIBER GUIDE DEVICE

DESCRIPTION
The invention relates to devices for fabricating

optical fibers. More particularly, the invention
concerns optical fiber twisting devices used in a
method for fabricating the said optical fiber.

With reference to Figure 1 (taken from document US
5,418,881} a known method for making optical fiber in
the prior art comprises a furnace 12 in which glass is
heated, preferably as a preform (glass rod). The
furnace ig generally located at a height, preferably at
the top of a tower T having a height generally reaching
20 to 35 meters.

The furnace 12 comprises an outlet opening 120
located in the lower part of the furnace 12 facing the
bottom of the tower. From this opening 120 there
emerges a partly molten glass cane (i.e. whose rheology
allows casting from this opening). This cane forms the
optical Eiber.

Underneath the furnace there is a cooling zone 14

through which the optical fiber is cooled.
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Once the optical fiber 13 is cooled, it continues
travelling  downwards into additional  processing
stations 15, 16, 17, 18 positioned downstream for
operations such as cladding for example.

The optical £iber 13 1is then taken in charge by
one or more deflecting pulleys as far as a winder which
winds the fiber around a spocl which is subsequently
uged for transport and delivery of the salid spool.
Therefore, to install the fiber, all that is required
is to unwind the optical fiber from the spool.

With further reference to Figure 1, a fiber
twisting method is known whose purpose is to reduce
Peolarization Mode Dispersion abbreviated to “PMD”. With
this method, the fiber 13 undergoes twisting for more
regular  distribution along the fiber of any
imperfections in the fiber 13 so as not to deteriorate
its guality. The accumulation of imperfections at one
localized spot in the fiber can deteriorate dits
bandwidth quite considerably.

Figures 2a, 2b and 2c¢ {taken from document US
6,324,872) dillustrate a guiding device for optical
fiber 32 known in the prior art, intended to be mounted
on a vertical tower T for drawing optical fiber 32. The
optical £fiber 32 1is generated from the furnace 24
located in the top part of the tower T and travels
vertically downwards relative to the tower T. The guide
device is located downstream of the furnace 24 and
comprises:

- a first guide pulley 76;

- a roller 60 positioned downstream of the first

guide pulley 76 and whose axis of rotation lies at an



angle to the horizontal. The roller 60 rotates around the axis 62 so
that the surface 64 of the roller i1s in contact with the optical
fiber 32 and generates a friction force D of which one cowponent Cp
is horizontal. The horizontal component C; therefore causes twisting
of the optical fiber 32 i.e. spinning of the fiber 32 (around its
main axis Y vertical thereto);

- a second guide pulley 78 positioned downstream of the
twisting roller 60 of the fiber 32.

Although this device known in the prior art effectively allows
twisting to be generated within the fiber 32, criticisms have been
leveled against it.

The generated twists have a tendency to propagate upstream but
also downstream as far as the winding of the fiber. The £fiber is
then wound with these twists, which gives rise to inner forces
making it difficult and even impossible to wind the fiber and also
causing deterioration of the wound fiber over the long term.

Embodiments of the present invention seek to provide an optical
fiber guide device which allows the overcoming of this disadvantage.

More specifically, embodiments of this invention seek to
provide an optical fiber guide device allowing twists to be
generated within the said fiber which propagate upstream of the
fiber, but to reduce or limit propagation of the twists downstream.

According to an aspect of the present invention, there is
provided an optical fiber guide device intended to be mounted on a
vertical tower for fabricating optical fiber, the £fiber being

generated from a furnace located at the top part



of the tower and moving vertically downwards relative to the tower,
the guide device being positioned downstream of the furnace, the
device comprising:

- a first guide pulley;

- at least one surface for twisting the fiber positioned
downstream of the first guide pulley;

- a second guide pulley positioned downstream of the at least
one surface twisting the fiber; and

- a deflecting pulley;
the distance between the first guide pulley and the at least one
fiber twisting surface being greater than the distance between the
at least one fiber twisting surface and the second pulley;

the device being characterised in that it further comprises a
gsecond surface for twisting the optical £fiber, wherein the two
twisting surfaces of the optical fiber are the two sidewalls of a
groove formed in one same twisting pulley.

Advantageously, but optionally, embodiments of the invention
comprise at least one of the following additional characteristics:

- the ratio between the distance between the first guide
pulley and the at least one fiber twisting surface and the distance
between the at least one fiber twisting surface and the second
pulley is between 2 and 20;

- the second pulley and the deflecting pulley are merged;

- the device comprises two optical fiber twisting surfaces

arranged in succession;



10

i5

20

25

30

- the angle se@arating the two sidewalls is
between 50° and 120°;

- the diameter of the twisting pulley and the
diameter of the secoﬁd pulley have the same value;

-~ the twisting pulley is arranged on the arm of a
servomotor sc that the axis of rotation of the pulley
can be rotationally controlled arocund a horizontal
axis;

- the servomotor is arranged on a slide connection
so that the rotational axis of the pulley can be
controlled in horizontal translation relative to the
drawing tower of the optical fiber;

- the servomotor comprises a command unit capable
of controlling the rotation of the pulley’ s rotational
axis in at least one of the following modes, the
position of the rotational axis of the pulley being
characterized by an angle away from a horizontal axis:

- the angle is fixed over time;

- the angle has a sguare wave over time of
variable width but of fixed amplitude;

- the angle has a sguare wave over time of
variable width and of randomly variable amplitude;

- the angle has a variable sinusoidal pulse over
time but of fixed amplitude;

- the angle has a wariable sinusoidal pulse over
time of variable amplitude.

Other characteristics, objectives and advantages
of the present invention will become apparent on
reading the following detailed description of a non-
limiting example given with reference to the appended

Figureg in which:
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- FPigure 1 schematically illustrates a prior art
optical fiber drawing tower;

- Figure 2a 1is a cavalier projection of a guide
device in the prior ari;

- Figure 2b is cross-sectional illustration of the
device along 2-2 in Pigure 2a;

- Figure 2¢ is a cross-sectional illustration of
the device along 3-3 in Figure 2a;

- Figure 3 1is a schematic illustration of a guide
device according to one particular embodiment of the
present invention;

- Figure 4 1illustrates a twisting pulley of a
guide device according to one particular embodiment of
the present invention;

- Figure 5 schematically illustrates a twisting
pulley controlled in accordance with one particular
embodiment of the present invention;

- Figure 6 illustrates different command modes of
a twisting pulley according to one particular
embodiment of the present invention; and

- Figure 7 is a schematic illustration of a guide
device according to ancther particular embodiment of

the present invention;

With reference to Figure 3, an optical fiber guide
device according to one particular embodiment of the
present invention 1is intended to be wounted on a
vertical tower T for fabricating optical fiber 2, the
fiber being generated from a furnace 18 located at the
top of the tower T and travelling vertically downwards

in relation to the tower T. The fiber drawing rate
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(rate of travel of the fiber 2) is between 1 and 3000
m/min. The guide device 1 is positioned downstream of
the furnace 18 and one or more fiber treatment stations
may be positioned between the furnace and the guide
device 1 e.g. a cladding station. The optical fiber
guide device comprises:

-~ a first guide pulley 10; this is preferably
mounted in rotation about a horigzontal axis so that its
gidewalls are parallel to the front face T1 of the
tower T. This first pulley 10 is positioned so that the
direction of the fiber upstream of the pulley is
vertical. The pulley 10 is preferably of the type
comprising a groove on the periphery of the pulley
intended to receive the fiber 2;

- at least one surface 1220 twisting the fiber 2
located downstream of the first guide pulley 10 (this
surface is described in more detail below);

~ a second guide pulley 4 positioned downstream of
the twisting surface 1220 of the fiber 2. This pulley
is preferably of the same type as the first pulley 10
and is mounted in rotation about a horizontal axis so
that its sidewalls are parallel to the front face T1 of
the tower T. In addition, the second pulley 14 1is
mounted so that its rotational axis is parallel to the
rotational axis of the first pulley 10, preferably
contained in one same vertical plane;

-~ a deflecting pulley 16, preferably of the same
type as the first and second pulleys 10 and 14,
allowing the fiber to be deflected at an angle «
relative to the vertical axis Y, o preferably being

between 75¢ and 120° {(in absolute value).
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According to one characteristic of the present
invention, the distance € between the first guide
pulley 10 and the fiber twisting surface 1220 is
greater than the distance D between the fiber twisting
surface 1220 and the second guide pulley 14. More
preferably, the ratio between the distance C separating
the first guide pulley 310 from the {fiber twisting
surface 1220 and the distance D separating the fiber
twisting surface 1220 from the second pulley 14 is
between 2 and 20. Further preferably, for a height of a
tower T of between 20 m and 30 m, the distance C is
between 800 mm and 2500 mm and the distance D is
between 150 wmm and 400 mm.

With reference to Figure 4, and according to one
particular embodiment of the present invention, the
device comprises two successive twisting surfaces 1220
and 1222 of the optical fiber 2. These two successive
twisting surfaces 1220 and 1222 of the optical fiber 2
are the two sidewalls of a V-shaped groove along the
periphery of one same twisting pulley 122. Preferably,
the groove ig of sgymmetrical V-shape 1i.e. the two
sidewalls 1220 and 1222 of the groove are symmetrical
relative to plane P which containg the junction 1223 of
the sidewalls 1220 and 1222. Plane P is perpendicular
to the rotational axis 1224 of the pulley 122. The
twisting pulley 122 is arranged such that the optical
fiber is not contained in plane P. In other words, the
rotational axis of the pulley is not perpendicular to
the optical fiber and has an angle $ relative to axis X
which is the horizontal axis perpendicular to the front

face T1 of the tower T (and hence to the plane in



10

15

20

25

30

Figure 3). This offset of the pulley allows the
sidewalls 1220 and 1222 to be in contact with the
optical fiber 2, thereby allowing friction forces to be
generated having a component Cx along axis X. This
component Cx induces spinning of the fiber 2 i.e. the
fiber 2 is twisted along its length. Preferably, the
pulley 122 1is in free rotation about 1its rotational
axis so as to reduce any deterioration of the optical
fiber or its cladding.

A twist is generally defined by the number of
spins made by the fiber per metre. This value can be
modified, in particular by acting on the friction force
generated by the pulley 122 on the optical fiber 2.

The modification of the £riction £force can be
generated by modifying the angle $ of the rotational
axis 1224 of the pulley 122 relative to axis X. The
greater this angle 3 (the more the pulley 122 isg
offset) the greater the friction force, and hence the
greater the generated twist.

Surprisingly, the present invention firstly allows
the twists to be moved upstream of the pulley 122 as
far as the furnace 18 and secondly allows the twists to
be blocked downstream of the pulley 14 i.e. the fiber
downstream of the pulley 14 containe a reduced number
of twists.

Therefore, since the fiber downstream of the
pulley 14 no longer has any residual twist, it can
easily be used and wound without residual twist. There
is therefore no risk of fiber deterioration.

Preferably, the two sidewalls 1220 and 1222 of the

twisting pulley 122 lie at an angle vy of between 50°
g P Y
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and 120° to each other. Optionally, the diameter of the
twisting pulley 122 and the diameter of the second
guide pulley 14 are substantially of the same value,
preferably from 50 to 60 mm. The deflecting pulley 16
preferably has a diameter of 60 mm (in the prior art
deflecting pulleys having a larger diameter are
generally used e.g. 170 mm).

With reference to Figure 5, the twisting pulley
122 is preferably arranged on the arm of a servomotor
120 so that the rotational axis X of the pulley 122 can
be controlled in rotation around a horizontal axis Z
perpendicular to axes Y and X and hence parallel to
plane T1l. One advantage of the use of a servomotor is
the easy modification of the angle between the
rotational axis cof the pulley 1224 and axis X, which is
not the case with known prior art devices as
illustrated in Figures 2a to 2¢ in which the
modification of said axis 1s solely wechanical (by
inter-positioned cam). Therefore, any modification in
the behavior of the rotational axis of the rollerxr
required modification of the shape of the cam. With the
device of the present invention, however, it is easily
possible to modify the orientation of the rotational
axis 1224 of the pulley 122 by merely changing the
electrical command of the servomotor 120 without any
other mechanical change.

It has been discovered that the use of randomly
variable twists over time allows regular defects in the
optical fiber to Dbe prevented. The regularity of
defects is also a degradation factor of the optical

fiber' s bandwidth.
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With a device according to the present invention,
said modification o©of twisting is simplified by wnere
electric commanding of the servomotor 120 for example
via a control unit 1202. As an illustration, Figure 6
shows different functioning modes:

- a mode 1201 in which angle B is fixed over time;

- a mode 1202 in which angle { has a sguare wave
of variable width over time but of fixed amplitude;

- a mode 1203 in which angle B has a sguare wave
of variable width over time and of randomly variable
anmplitude;

- a mode 1204 1in which angle B has a variable
sinuscidal pulse over time but of fixed amplitude;

- a2 mode 1205 in which angle B has a variable
sinusoidal pulge over time but of variable amplitude;

Evidently, other modes for modifying angle B of
the pulley 122 are made possible by merely modifying
the command signals of the servomotor 120. The
amplitude of the variations in angle B is preferably
calculated in relation to the rate of fiber drawing so
that the generated twist is preferably between 0 and 12
sping/meter.

With reference again to Figure 5, the sgervomotor
120 alsc allows horizontal translation of the pulley
122 along axis 2 in relation to the tower T for
fabricating the optical fiber 2. For this purpose,
provigsion is mwade Ior example to mount the servomotor
120 on a horizontal ball slide with adjustable abutment
125, the sexvomotor 120 then being adjustable in
horizontal position by means of a pneumatic cylinder

123 controlled by a pneumatic feed 124. Evidently, end-
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of-stroke sensors and/or wmicrometer tables can be
provided to feedback information for commanding
translation of the gservomotor 120. Therefore, i1t is
possible in particular to impart at least two
horizontal positions to the servomotor 120:

- a position PO in which the pulley 122 is not
contact with the optical fiber 2 (and hence does not
generate twisting within the fiber);

- a position Pl in which the pulley 122 is in
contact with the optical fiber 2 ({(and hance generates
twisting); this position is illustrated in Figure 3.

As an example, the winding distance (distance B
along axis Z travelled by the optical fiber 2 caused by
pressure of the pulley 122 along axis % in position P1)
is 50 mm.

With reference to Figure 7, the position PO isg
illustrated. This figure also illustrates the
embodiment in which the second pulley 14 and the

deflecting pulley 16 are merged.



13

CLAIMS

1. An optical fiber guide device intended to be mounted
on a vertical tower for fabricating optical fiber, the fiber
being generated from a furnace located at the top part of the
tower and moving vertically downwards relative to the tower,
the guide device being positioned downstream of the furnace
and comprising:

- a first guide pulley;

- at least one surface for twisting the fiber positioned
downstream of the first guide pulley;

- a second guide pulley positioned downstream of the at
least one surface twisting the fiber; and

- a deflecting pulley,
the distance between the first guide pulley and the at least
one fiber twisting surface being greater than the distance
between the at least one fiber twisting surface and the second
pulley;
the device being characterized in that it further comprises a
gecond surface for twisting the optical fiber wherein the two
twisting surfaces of the optical fiber are the two sidewalls

of a groove formed in one same twisting pulley.

2. The device according to claim 1, wherein the ratio
between the distance between the first guide pulley and the at
least one fiber twisting surface and the distance between the
at least one fiber twisting surface and the sgecond pulley is

between 2 and 20.
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3. The device according to one of claims 1 and 2
wherein the second pulley and the deflecting pulley are
merged.

4, The device according to one of claims 1 to 3 wherein
the two twisting surfaceg of the optical fiber are arranged in

succegsion.

5. The device according to one of claims 1 to 4 wherein
the angle separating the two twisting surfaces 1s between 50°
and 120°.

6. The device according to one of claims 1 to 5 wherein
the diameter of the twisting pulley and the diameter of the
second pulley have the same value.

7. The device according to one of claims 1 to 6 wherein
the twisting pulley is arranged on the arm of a servomotor so
that the rotational axis of the pulley can be controlled in
rotation around a horizontal axis.

8. The device accoxding to c¢laim 7 wherein the
servomotor is arranged on a slide connection so that the
rotational axis of the pulley can be controlled in horizontal
translation relative to the tower for fabricating the optical
fiber.

9. The device according to claim 7 or 8 wherein the
servomotor comprises a command unit capable of controlling the
rotation of the pulley’s rotational axis in accordance with at
least one of the following modes, the position of the

rotational axis of
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the pulley being characterized by an angle B relative to a

horizontal axis;

- the angle (R) 1s fixed over time;

- the angle (p) has a square wave of variable width
time but of fixed amplitude;

- the angle (B) has a square wave of variable width
time and of randomly variable amplitude;

- the angle (B) has a variable sinusoidal pulse over
but of fixed amplitude;

- the angle (B) has a variable sinusoidal pulse over
and of variable amplitude.

over

over

rime

time



