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(57) Abréegée/Abstract:

A method of splicing optical fibores comprises the steps of affixing a first fibre (20) to a first keying element (4) having a particular
radial orientation, inserting the keying element (4) in a support (29) which recelves the keying element only in a specific radial
orientation, cleaving the fibre (20) affixed to the inserted keying element (4) at a predetermined angle () relative to the support (19)
to form an angled fibre end face (24), removing the keying element from the support, inserting the keying element into a splicing
body (3) which recelves the keying element only In a specific radial orientation such that the angled fibre end face (24) has a
predictable radial orientation with respect to the splice body, and repeating the above steps for a second fibre (21) and a second
Keying element (5), whereby the first angled fibre end face (24) and the second angled fibre end face (25) abut in a substantially
parallel orientation.
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(54) Title: METHOD AND APPARATUS FOR SPLICING OPTICAL FIBRES

(57) Abstract: A method of splicing optical fibres comprises the steps
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Tixing a first fibre (20) to a first keying element (4) having a par-
ticular radial orientation, inserting the keying element (4) in a support
(29) which receives the keying element only in a specific radial ori-
entation, cleaving the fibre (20) affixed to the inserted keying element
(4) at a predetermined angle (o) relative to the support (19) to form
an angled fibre end face (24), removing the keying element from the
support, inserting the keying element into a splicing body (3) which re-
ceives the keying element only in a specific radial orientation such that

the angled fibre end face (24) has a predictable radial orientation with

22 23

respect to the splice body, and repeating the above steps for a second
fibre (21) and a second keying element (5), whereby the first angled

fibre end face (24) and the second angled fibre end face (25) abut in a
substantially parallel orientation.
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METHOD AND APPARATUS FOR SPLICING OPTICAL FIBRES

The present invention relates to method and apparatus for splicing optical fibres.
More 1n particular, the present invention relates to a method of splicing optical fibres in

which the ends of the fibres are cut at a non-perpendicular angle.

Optical fibres can be interconnected or “spliced” in several ways. Fusion splicing
involves heating the ends of the fibres to be spliced in order to produce a continuous
transition. Mechanical splicing involves abutting the fibre ends in a suitable support or
“splice”. As mechanical splicing does not require any heating, it is often preferred for
splicing 1n the field. The mechanical splice device needs to be carefully designed to achieve a
proper alignment of the fibre ends. Examples of such splice devices are disclosed in United
States Patents US 4,687,288 and US 5,394,496. A special type of releasable mechanical
fibre splice 1s a fibre optic connector. An example of such a connector is disclosed in United

States Patent US 4,705,352,

It 1s well known to cut optical fibres at a predetermined angle to produce a suitable
fibre end face for splicing and/or connecting. United States Patent US 4,229,876, for

example, discloses an optical fibre cleaver or “breaker” which can be used for this purpose.

Traditionally fibres have been cleaved under a right angle, resulting in a fibre end face
which 1s perpendicular to the longitudinal axis of the fibre. It has been found, however, that
retlection losses can be significantly reduced by cleaving the fibres at a non-perpendicular
ahgle, that 1s, at an angle which deviates from the perpendicular. International Patent
Application WO 98/54608, for example, discloses a tool for angled cleaving of optical fibres.
The fibres are cleaved with ends which are consistently angled at between 1° and 20°,

preferably 5° to 10°, away from the perpendicular to the fibre axis.

Although fibres having such an angled end face potentially perform very well, a
problem arises when they are to be spliced. For the angled end faces to abut properly,
leaving virtually no gap, the end faces have to be parallel. This requires the fibres to have a

very specific keyed orientation when they are accommodated in a splice body. In existing
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splicing methods, the relative orientation of the fibres is arbitrary. Of course it is
possible to experimentally determine the proper orientation of the fibres by
accommodating them in a splice and then measuring the reflection losses at various
orientations. This is, however, both expensive and time consuming and may cause
the fibre end faces to be damaged. Alternatively optical gel (index matching gel) may
be used to reduce the adverse effects of an improper relative orientation of the fibre
end faces but it has been found that the advantageous effects of the angled cleaving

may still be lost.

It is therefore an object of some embodiments of the present invention
to overcome the above-mentioned and other disadvantages of the Prior Art and to
provide a method of splicing optical fibres which fully utilizes the advantages of
angled cleaving.

It is a further object of some embodiments of the present invention to

provide a method of splicing optical fibres which is both practical and economical.

It is another object of some embodiments of the present invention to

provide apparatus for implementing the inventive method.

Accordingly, in one aspect, the present invention provides a method of
splicing optical fibres, the method comprising the steps of affixing a first fibre to a first
keying element having a particular radial orientation, inserting the keying element in a
support which receives the keying element only in a specific radial orientation,
cleaving the fibre affixed to the inserted keying element at a predetermined angle (o)
relative to the support to form an angled fibre end face, removing the keying element
from the support, inserting the keying element into a splicing body which receives the
keying element only in a specific radial orientation such that the angled fibre end face
has a predictable radial orientation with respect to the splice body, and repeating the
above steps for a second fibre and a second keying element, whereby the first angled

fibre end face and the second angled fibre end face abut in a substantially paraliel

orientation.
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By cleaving the fibres at a specific radial orientation and
accommodating them again at a specific radial orientation, a predictable relative
orientation of the abutting fibres is achieved. In this way, a substantially perfect
parallel abutment of the fibre end faces can be achieved.

It should be pointed out that the said specific radial orientation when

cleaving need not be identical to the one when accommodating in the splice body.
On the contrary, when the same cleaving device and associated support orientation
IS issued, the orientation of the second keying element when the fibre ends are
abutting will generally be 180° rotated relative to that of the first keying element

(assuming the keying elements are identical and use the same support when
cleaving).

It is noted that the fibre optic connector disclosed in the above-
mentioned United States Patent US 4,705,352 has a keying mechanism to ensure
that upon repeated couplings the fibre connector is always connected in the same
relative position to prevent scarring of the end of the fibre. There is no suggestion to
use such a keying mechanism for angled cleaving. On the contrary, said United

States Patents suggests that the fibre could be spliced at any relative orientation.

In one aspect of the method of the present invention, the support in
which the key elements are received when the fibres are being cleaved is preferably
attached to the clearing device so as not to allow any movement of the support

relative to the cleaving device. Advantageously, the support may be integral with the

cleaving device.

Preferably, the angle (o) at which the fibres are cleaved is between 5°
and 12° relative to a line normal to the longitudinal axis of each fibre. (It is noted that
the said angle is always measured relative to a line perpendicular to the longitudinal

axis of the fibre; an angle of 0° therefore implies a perpendicular end face.) In

preferred embodiments an angle of 7° to 9° is used, although other angles may also

be used.
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In a particularly preferred embodiment, the step of affixing a fibre to a
keying element involves shrinking a heat-recoverable sieeve around the keying
member. The keying elements may each consist of two parts which are clamped
together by the heat-recoverable sleeve. In
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this way, a secure clamping of the fibres may be achieved which may assist in providing axial

strain relief.

In an alternative embodiment, the step of affixing a fibre to a keying element involves
crimping the keying element. Also in this embodiment axial strain relief may be provided by

the keying elements.

Advantageously, the abutting angled fibre end faces are accommodated 1n an
alignment member. Such an alignment member, which 1s known per se, provides a lateral
alicnment of the ends of the fibres. Preferably, the alignment member comprises a first
element and a second element between which fibres may be accommodated, at least one
element being provided with a substantially V-shaped groove which 1s covered when the

elements are brought together.

The present invention further provides a kit-of-parts for carrying out the method as
described, the kit comprising a fibre cleaving device having an associated support which
receives a keying element only in a specific radial orientation, and a fibre splicing device
having a body which receives the keying element only in a specific radial orientation. In
addition, the present mnvention provides a fibre cleaving device and a fibre cleaving device for

use 1n said kit-of-parts.

The present invention will be described below with reference to exemplary
embodiments illustrated in the accompanying drawings, 1n which:

Figure 1 schematically shows a first embodiment of a splice according to the present
invention in a longitudinal cross-sectional view.

Figure 2 schematically shows, the embodiment of Fig. 1 1n a transverse cross-sectional
VIEW.

Figure 3 schematically shows, in side view, a cleaving arrangement of the present

nvention.

Figure 4 schematically shows, in side view, optical fibres spliced according to the

present invention.
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Figure 5 schematically shows, in perspective, an alternative embodiment of a splice
according to the present invention.
Figure 6 schematically shows, in perspective, a further alternative embodiment of a

splice according to the present invention.

The mechanical splice 1 shown merely by way of non-limiting example i Fig. 1
comprises a substantially tubular body 2, an alignment member 3 and two keying elements 4
and 5. Optical fibres 20, 21 are accommodated in the keying elements 4, 5 respectively. As
shown in Fig. 1, the cladding has been removed from the end portions of the fibres. The fibre
ends meet in the alignment member 3 which is provided with a V-shaped groove 6 for
accommodating and aligning the fibre ends. The groove has widened sections 6' at the ends
of the alignhment member 3 which allow the fibres to buckle in those areas so as to maintain a

compressive force on the abutting fibre end faces.

In accordance with the present invention, the splicing device 1 1s provided with a
mechanism for defining and maintaining the angular orientation of the optical fibres. This
mechanism comprises keying ridges or protrusions 7 provided on the keying elements 4, 5,
which protrusions can be accommodated in keying slots 8 provided in the body 2. The
combination of the protrusions 7 and the slots 8 ensures that the keying elements 4, 5 can be
inserted into the body 2 in one particular angular orientation only (see also Fig. 2). It will be
understood that the fibres 20, 21 are firmly and immovably held in the keying elements 4, 5,

for example by crimping the keying elements onto the fibres.

Once inserted in the body 2, the keying elements of the embodiment shown 1n Fig. 1
are held by resilient latches which latch behind ridges 10 of the keying elements. The latches
9 may be made of metal (e.g. metal wire) or plastic and are accommodated in slots 11. The
fibre ends are accommodated in the keying elements such that when the keying elements are
latched, the fibre ends abut and at least one of the fibres is caused to buckle slightly in one of

the widened groove portions 6'. This ensures a good contact between the fibre end faces.

As can be seen in Fig. 1, the arrangement of the second keying element 5 1s 180"

rotated relative to the first keying element 4. This arrangement serves to use a single keying
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element design for both sides of the device 1 but also, and more importantly, to ensure the
correct angular orientation of the fibre end faces. This will now further be explained with

reference to Fig. 3.

The keying element 4 (also shown in Fig. 1) is attached to a fibre 20 which has an end
portion 22 from which the cladding has been removed. The key element 4 is then inserted
into the support 29. Due to the slot 8 and the protrusion 7, the key element 4 can only be
inserted in one particular angular orientation. The fibre end is then cleaved under an angle
using cleaving means 28 which are known per se, for example from International Patent
Application in WO 98/54608. The resulting angled fibre end face 24 1s schematically
depicted in Fig. 4, where the angle o has been exaggerated for the sake of clarity.

Returning to Fig. 3, the keying element 4 is then removed from the support 29 and
may be inserted into a splice body 2. (It is noted that splice bodies may be factory installed
with one fibre, but it is of course also possible to insert both fibres in the field). The
protrusion 7 and slot 8 of the splice body 2 ensure that the key element 4 1s inserted in a
predetermined orientation, in the example shown in exactly the same orientation as when

being cleaved.

The above process is repeated for key element 5 holding fibre 21. As shown in Fig. 1,
key element 5 is inserted in the splice body 2 rotated 180° relative to the key element 4,
resulting in the fibre end faces 24 and 25 being parallel, as shown in Fig. 4. When both key
elements are latched, the end faces 24, 25 will be abutting, resulting in an excellent splice

having a very low reflection loss.

In the embodiment of Fig. 5 springs 19 are accommodated between the key elements

and key element holders 18 to provide a bias pressure ensuring a good contact of the fibre

end faces.

In the embodiment of Fig. 6 no key element holders are provided. Instead the key

elements are provided with a “snap-fit” mechanism 17 as commonly used for the caps of ball
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point pens and the like. Of course various other embodiments could be envisaged in which

the advantages of angled cleaving in accordance with the present invention are obtained.

It will therefore be understood by those skilled in the art that the present invention 1s
not limited to the embodiments shown and that many additions and modifications are possible

without departing from the scope of the present invention as defined in the appending claims.
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CLAIMS:.
1. Method of splicing optical fibres, the method comprising the steps of:
- affixing a first fibre to a first keying element having a particular radial
orientation,

- inserting the keying element in a support which receives the keying

element only in a specific radial orientation,

- cleaving the fibre affixed to the inserted keying element at a

predetermined angle (o) relative to the support to form an angled fibre end face,

- removing the keying element from the support,

- inserting the keying element into a splicing body which receives the
keying element only in a specific radial orientation such that the angled fibre end face

has a predictable radial orientation with respect to the splice body, and

- repeating the above steps for a second fibre and a second keying

element,

whereby the first angled fibre end face and the second angled fibre end

face abut in a substantially parallel orientation.

2. ~ Method according to claim 1, wherein the angle (a) at which the fibres
are cleaved is between 5° and 12° relative to a line normal to the longitudinal axis of

each fibre.

3. Method according to claim 1 or 2, wherein the step of affixing a fibre to
a keying element involves shrinking a heat-recoverable sleeve around the keying

element.
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4. Method according to claim 1 or 2, wherein the step of affixing a fibre to

a keying element involves crimping the keying element.

O. Method according to any one of claims 1 to 4, wherein the abutting

angled fibre end faces are accommodated in an alignment member.

6. Method according to claim 5, wherein the alignment member comprises
a first element and a second element between which fibres may be accommodated,
at least one element being provided with a substantiaily VV-shaped groove which is
covered when the elements are brought together.

7. Method according to any one of claims 1 to 6, wherein the splicing body

is capable of receiving a connector.

8. Method according to any one of claims 1 to 7, wherein the first keying

element is inserted into the splicing body during manufacture.

9. Method according to any one of claims 1 to 8, wherein the splicing body

is provided with at least one latch for latching a keying element.

10. Method according to any one of claims 1 to 9, wherein optical gel Is

applied onto the second fibre end face.

1. Kit-of-parts for carrying out the method according to any one of claims 1
to 10, the kit comprising:

- a fibre cleaving device having an associated support which receives a

20 keying element only in a specific radial orientation, and

- a fibre splicing device having a body which receives the keying

element only in a specific radial orientation.

12. Fibre cleaving device for use in a kit-of-parts according to claim 11.
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13. Fibre cleaving device according to claim 12, wherein the support is

fixedly attached to the device.

14. Fibre splicing device for use in a kit-of-parts according to claim 11.
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