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Description

[0001] The presentinvention relates to an optical fiber
connector for transmitting high optical power and com-
prising an optical fiber having one of its ends in direct
optical contact with a body made of a transparent mate-
rial, for instance a rod, bar or the like. High optical power
in this context means power up to 10 kW.

[0002] In order to avoid that the cables, or rather the
fiber connectors themselves, are damaged due to such
incident radiation that are falling outside the core of the
fiber, or due to radiation that are reflected back to the
fiber connectors, methods are previously known to take
care of such power loss. Specifically, it is previously
known to have such incident radiation absorbed in a flow-
ing coolant.

[0003] Optical fibre cables for transmitting high optical
power are frequently used in industrial applications. Spe-
cifically they are used in cutting and welding operations
by means of high-power laser radiation, but also in other
industrial applications such as heating, detection or work-
ing operations in high-temperature environments this
type of optical fiber cables can be used. By means of the
optical fibers it is possible to design flexible manufactur-
ing systems for transmitting radiation from the high power
laser source to the workpiece. Laser sources which can
be used in this context have average power from a few
hundred watts up to several kilowatts.

[0004] Normally, an optical fiber has an inner core of
glass for transmitting the radiation and one or more sur-
rounding layers for optically "locking" the radiation into
the core. Such a surrounding layer or layers are called
the "cladding" of the fiber. Outside the cladding there are
also one or more protecting layers to stabilize the fiber
mechanically. These layers are called buffers or jackets.
[0005] When the fiber is built into a connector the fiber
also has to be maintained in a correct position by some
mechanical component.

[0006] When designing fiber systems for such high
power radiation it is important to take care of radiation
that falls outside the core of the fiber, due to for instance
reflections against the workpiece or due to an incorrect
focusing to the fiber, and cool it down in order to prevent
uncontrolled heating in the system.

[0007] The mainreasons fordamageson the fiber con-
nectors are

- damages due to radiation that falls into the cladding
and a subsequent leakage of radiation into the sur-
rounding material, specifically into the area where
the buffer and jacket are connected to the fiber, and

- damages due to radiation impinging upon the me-
chanical detail that are adapted to hold the fiber.

[0008] Different methods to take care of such unwant-
ed power radiation and protect the fiber components are
already known. One example is disclosed in DE
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4305313, in which the radiation that falls into the cladding
of the fiber is spread in a so-called mode stripper and
absorbed by a metal surface. This surface can then be
cooled from the outside of the device. Similar methods
are described in EP 0 151 909 B1 and US 4,575,181. In
EP 0 349 312 B1 it is also described a method to me-
chanically grip the fiber which reduces the risk for any
damages to the surrounding material to a minimum.
[0009] An optical fiber in which at least one of the end
surfaces of the fiber core is provided with a rod made of
a transparent material, for instance quartz, and having a
larger diameter than the core diameter, is described in
EP 0 619 508. At this end the fiber is provided with a
reflector designed to conduct rays entering outside the
fiber towards an area where they can be absorbed with-
out causing any damage. In the illustrated embodiment
this area is surrounded by a heat-abducting device with
cooling fins, but it is also mentioned that water cooling
means may be included in this area for cooling off the
generated heat. Also in this case the cooling is provided
from the outside of the device. A similar arrangement in
which the end part of the fiber is provided with a hollow
rod and a reflector is described in GB 2 255 199.
[0010] One example of a fiber connector which is used
today is based on said EP 0 619 508. In this case the
fiber is in optical contact with a rod made of quartz and
the volume behind the the quartz rod is swept over by a
flowing coolant that absorbs the radiation, see more in
detail in the accompanying figure 1. The coolant is nor-
mally water, which has an absorption depth of approxi-
mately 5 cm for radiation in the area of 1 micrometer.
[0011] In SE 509 706 and RU 2031420 it is described
amethod to take care of power loss in which the radiation
heat completely or partially is absorbed directly in a flow-
ing coolant instead of a metal. In SE 509 706 at least one
of the contact ends of the fibre is located in a cavity filled
with a flowing coolant so that radiation falling outside the
fiber is entered into and absorbed at least partially by the
coolant. According to a preferred embodiment the fiber
is directly in contact with the surrounding coolant, for ex-
ample water. The advantage by having the radiation ab-
sorbed directly in the coolant is a more effective cooling
as no heat conducting through for instance a metal part
is required before the heat is cooled off.

[0012] Duetotheallincreasinglaser power used today
the cooling capacity requirements have also been in-
creased. There are two main disadvantages with the
above-mentioned quartz rod design. In case of an incor-
rect focusing of the fiber connector the power density on
the surface of the quartz rod might be too high and there
is a risk for shock boiling effects in the flowing coolant
resulting in damages to the connector. The risk for such
damages are also increased due to the fact that the area
adjacent to the surface of the quartz rod is not optimized
from aflowing point of view. In order to avoid that radiation
hits the connector body it is desired that the radiation is
deflected towards the optical axis of the fiber.

[0013] An optical connector according to the preamble
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of the independent claim is described in US 5, 291, 570.
[0014] The object of this invention is to provide a fiber
connector for transmitting optical high power and having
a more efficient cooling capacity compared to previous
designs.

[0015] According to the invention, this object is solved
by an optical fiber connector according to claim 1.
[0016] The flowing coolant is preferably a fluid, such
as water.

[0017] In order to improve the flowing geometry the
base part of the conical surface is provided with a shelf
orledge. Such a design prevents the risk for the formation
of whirling or turbulent effects in the flowing coolant in
the narrow space, corner, which is formed between the
base part of the transparent body and the inner wall of
the connector.

[0018] In the following the invention will be described
more in detail with reference to the accompanying draw-
ings which schematically illustrate some examples of an
optical fiber connector and in which

figure 1 schematically illustrates the general design
of an optical fiber connector,

figure 2 schematically illustrates a fiber connector in
which the end surface of the fiber is in optical contact
with a body of a transparent material, for instance a
quartz rod,

figure 3 illustrates the fiber connector in case of an
incorrect focusing and back reflection of the incident
radiation,

figure 4 illustrates a comparative fiber connector ,

figure 5 illustrates an embodiment of the invention
in which the conical end surface of the quartz rod is
provided with a shelf or ledge,

figure 6 illustrates the flowing geometry around the
fiber end, and

figure 7 illustrates how an optical radiation beam is
deflected towards the optical axis of the connector.

[0019] Figure 1 illustrates the general design of an op-
tical fiber. The optical fiber comprises an inner core 1,
made of for instance quartz glass, for propagating radi-
ation, and a surrounding cladding 2, for example made
of glass or some polymer having a suitable refractive
index. The cladding 2 might be in the form of one or more
layers and the object of the cladding is to optically "lock"
the radiation into the core 1. Outside the cladding there
are one or more protecting jackets to make the optical
fiber more mechanically stable. These layer are men-
tioned as "buffers" or "jackets" and has been indicated
as 3 and 4 in the figures. As the fiber is built into a con-
nector member the fiber also has to be fixed positioned
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by means of any mechanical component, which is illus-
trated by means of an annular support element 5 in the
figure.

[0020] In figure 2 it is illustrated a fiber connector in
which the end surface of a fiber 1 is in optical contact
with a cylindrical body made of a transparent material,
for instance a rod or a bar member of quartz glass. The
volume or spacing 7 behind the quartz body is swept over
by a flowing coolant, indicated by arrows 8a and 8b, which
coolant absorbs radiation which goes outside the core of
the fiber. Arrows 8c and 8d indicate inlet and outlet open-
ings forthe coolantin the wall 9 of the connector. Normally
the coolant is water which has an absorption depth of
approximately 5 cm for radiation in the area of 1 microm-
eter. The end surface of the fiber is mechanically con-
nected to the plane end surface 10 of the quartz rod,
which end surface has a diameter exceeding the end
surface diameter of the fiber. Fiber connectors of this
type are previously known per se and it is referred to said
EP 0619 508.

[0021] As mentioned in the introductory portion the
power density might be too high on the plane end surface
10 in case of an incorrect focusing of the connector with
arisk for sudden broiling effects in the coolant and dam-
ages to the connector assembly, indicated by the dot 11
in figure 3. The risk for this is also increased due to the
fact that the area behind 7 the quartz rod is not optimized
from a flowing point of view. There is also a risk that the
radiation hits the wall 9 of the connector, indicated by the
dot 12 in figure 3. For that reason it would be desirable
to deflect the radiation into the optical axis 13 to reduce
such a risk.

[0022] In figure 4 it is illustrated a comparative fiber
connector in which the end surface 10 of the quartz rod
is made conical instead of the previous plane surface
illustrated in figures 2 and 3. The tip 10a of the conical
surface is facing the end surface of the optical fiber so
that the surface is diverging away from the fiber end. The
base part of the conical surface is in this case connected
to the inner wall 9 of the connector. By such a conical
design or the like, the area of the surface which is in
contact with the flowing coolant is increased compared
to a plane surface. The flowing geometry is improved and
the radiation is directed towards the optical axis thereby
avoiding the risk for damages to the connector body, see
figure 7. The cone angle o should be as small as possible,
but it should exceed the exit angle of the radiation out of
the fiber. Typically the cone angle a is in the interval of
10-45 degrees. The degree of surface increase of the
end surface 10 depends on the cone angle. In the follow-
ing table the approximate surface increase is indicated
for some cone angles a. A plane surface is indicated as
A0 and the conical surface is indicated as A1.

o A1/A0
10° 6
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(continued)

a A1/A0
20° 3

30° 2

40° 1,5

[0023] The conical surface also means that a radiation
beam 14 outside the core of the fiber is deviated towards
the central axis, the optical axis 13 of the connector, when
the beam hits the conical surface 10 of the quartz body.
In figure 7 it is illustrated a radiation beam that falls on
to the conical surface 10 under an angle 3 and which is
refracted towards the optical axis, so that the outgoing
beam 14 is parallell to the optical axis. The cone angle
is indicated by a. The relation between the angles o and
B is given in the following table. A large angle  means
that a larger part of the incident radiation is focused to-
wards the optical axis, instead of the wall 9 of the con-
nector member. In this case a refractive index for water
and quartz has been used and it is supposed that the
radiation has a wavelength in the interval around 1 pm.

o p
10° 15°
20° 10°
30° 7°
40° 5°

[0024] Asindicated in the tables the size of the surface
area as well as the deviation is improved by having a
cone angle as small as possible. This is also true for the
flowing geometry, as it is the area close to the fiber that
is the most critical. The existing limit is the extension of
theradiation at the exit of the fiber. If anumerical aperture,
NA, is used for the fiber, the exit angle y of the radiation
out from the quartz rod satisfies the following formula

y = NA/n

where n represents the refractive index for the rod 6. To
avoid an optical distorsion of the radiation, the value of
the cone angle should exceed said exit angle. Provided

o=1,5 %y

then there is hardly any influence on the quality of the
outgoing radiation beam. As already mentioned the cone
angle is typically in the range of 10° - 45°.

[0025] In order to even more improve the flowing ge-
ometry and avoid possible whirls or turbulence effects
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15 in the corners, i.e. in the innermost spacing 16 be-
tween the base part of the conical surface of the rod and
the surrounding connector wall 9, a peripheral shelf or
ledge 17 is formed at the base part of the conical surface
10 of the rod.

[0026] The invention is notlimited to the examples that
have been illustrated here but can be varied within the
scope of the following claims.

Claims

1. Optical fiber connector for transmitting high optical
power, specifically power exceeding 1 kW, compris-
ing an optical fiber (1) having one of its ends in direct
optical contact with a body (6) made of a transparent
material, which body (6) in connection with the opti-
cal fiber end has a surface (10) with an area exceed-
ing the contact surface area of the optical fiber (1)
and a spacing (7) for a flowing coolant arranged
around the contact end of the fiber (1) characterized
in that the body (6) is a rod having a conically de-
signed end surface (10) that is provided with a shelf
or ledge (17) to prevent whirls or turbulence effects
in the flowing coolant.

2. Optical fiber connector according to claim 1 charac-
terized in that said conically designed surface (10)
is connected to the optical fiber end at its tip portion
(10a) and is diverging conically away from the fiber
end.

3. Optical fiber connector according to claim 1 charac-
terized in that the transparent body (6) is made of
quartz.

4. Optical fiber connector according to claim 2 charac-
terized in that the cone angle o of the conically de-
signed surface (10) exceeds the exit angle y for a
radiation beam emitted from the optical fiber.

5. Optical fiber connector according to claim 4 charac-
terized in that said cone angle a of the conically
designed surface (10) satisfies the formula o = 1,5
* v, where y represents the exit angle for a radiation
beam emitted from the optical fiber (1).

6. Optical fiber connector according to claim 4 charac-
terized in that the cone angle o of the conically de-
signed surface (10) is in the interval of 10-45 de-
grees.

7. Optical fiber connector according to claim 1 charac-
terized in that said flowing coolant is air.

8. Optical fiber connector according to claim 1 charac-
terized in that said flowing coolant is a fluid, prefer-
ably water.
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Patentanspriiche

1.

Faseroptischer Verbinder zum Ubertragen hoher op-
tischer Leistung, speziell Leistung Giber 1 kW, der
eine optische Faser (1) umfasst, deren eines ihrer
Enden sich in direktem optischen Kontakt mit einem
Korper (6), der aus einem transparenten Material
hergestellt ist, befindet, wobei der Kérper (6) in Ver-
bindung mit dem Ende der optischen Faser eine
Oberflache (10) mit einer Flache, welche die Kon-
taktoberflachenflache der optischen Faser (1) tber-
schreitet und einen Abstand (7) fiir ein flieRendes
Kuhlmittel, der um das Kontaktende der Faser (1)
herum angeordnet ist, aufweist, dadurch gekenn-
zeichnet, dass der Korper (6) ein Stab ist, der eine
konisch entworfene Endoberflache (10) aufweist, die
mit einem Sockel oder Absatz (17) versehen ist, um
Wirbel oder Turbulenzeffekte in dem flieRenden
KuhImittel zu vermeiden.

Faseroptischer Verbinder gemaR Anspruch 1, da-
durch gekennzeichnet, dass die konisch entwor-
fene Oberflache (10) mit dem Ende der optischen
Faser an ihrem Spitzenbereich (10a) verbunden ist
und von dem Faserende weg konisch auseinander
1auft.

Faseroptischer Verbinder gemaR Anspruch 1, da-
durch gekennzeichnet, dass der transparente Kor-
per (6) aus Quarz hergestellt ist.

Faseroptischer Verbinder gemaR Anspruch 2, da-
durch gekennzeichnet, dass der Konuswinkel o
der konisch entworfenen Oberflache (10) den Aus-
trittswinkel y fir ein Strahlenbiindel, das von der op-
tischen Faser emittiert wird, (iberschreitet.

Faseroptischer Verbinder gemaR Anspruch 4, da-
durch gekennzeichnet, dass der Konuswinkel o
derkonisch entworfenen Oberflache (10) der Formel
o =1,5-ygenulgt, wobei y den Austrittswinkel fiir ein
Strahlenbiindel, das von der optischen Faser (1)
emittiert wird, darstellt.

Faseroptischer Verbinder gemaR Anspruch 4, da-
durch gekennzeichnet, dass der Konuswinkel o
der konisch entworfenen Oberflache (10) in dem In-
tervall von 10-45° liegt.

Faseroptischer Verbinder gemaR Anspruch 1, da-
durch gekennzeichnet, dass das flieRende Kihl-
mittel Luft ist.

Faseroptischer Verbinder gemaR Anspruch 1, da-
durch gekennzeichnet, dass das flieRende Kihl-
mittel ein Fluid ist, bevorzugt Wasser.
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Revendications

Connecteur a fibre optique pour transmettre une
puissance optique élevée, plus particulierement une
puissance dépassant 1 kW, comprenant une fibre
optique (1) ayant 'une de ses extrémités en contact
optique direct avec un corps (6) réalisé en un maté-
riau transparent, lequel corps (6) relié a I'extrémité
de la fibre optique présente une surface (10) avec
une superficie supérieure a la superficie de contact
de la fibre optique (1) et un espacement (7) pour un
agent réfrigérant circulant agencé autour de I'extré-
mité de contact de la fibre (1) caractérisé en ce que
le corps (6) est une tige ayant une surface (10) d’ex-
trémité de forme conique qui est pourvue d’un seuil
ou rebord (17) pour empécher les effets de turbu-
lence ou tourbillons dans I'agent réfrigérant circu-
lant.

Connecteur a fibre optique selon la revendication 1
caractérisé en ce que ladite surface de forme co-
nique (10) est reliée a I'extrémité de la fibre optique
au niveau de sa partie de pointe (10a) et diverge de
maniére conique a I'écart de I'extrémité de fibre.

Connecteur a fibre optique selon la revendication 1
caractérisé en ce que le corps transparent (6) est
réalisé en quartz.

Connecteur a fibre optique selon la revendication 2
caractérisé en ce que I'angle de céne a de la sur-
face de forme conique (10) est supérieur a I'angle
de sortie y pour un faisceau de rayonnement émis
par la fibre optique.

Connecteur a fibre optique selon la revendication 4
caractérisé en ce que ledit angle de cone o de la
surface de forme conique (10) satisfait la formule

o =1, 5%, ou y représente I'angle de sortie pour un
faisceau de rayonnement émis par la fibre optique

(1)

Connecteur a fibre optique selon la revendication 4
caractérisé en ce que I'angle o de la surface de
forme conique (10) est inclus dans l'intervalle de
10-45 degrés.

Connecteur a fibre optique selon la revendication 1
caractérisé en ce que ledit réfrigérant circulant est
de lair.

Connecteur a fibre optique selon la revendication 1
caractérisé en ce que ledit réfrigérant circulant est
un fluide, de préférence de I'eau.
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