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(57) Abstract: The present invention relates to a method for splicing an optical fiber element (13, 23) of an optical cable (1, 2) re-
inforced with at least one strain relief fiber element (14, 24) and a splice effected by such method. In order to improve the strain
resistance of the spliced optical cables (1, 2), the method according to the invention comprises the steps removing a jacket (11, 21)
thereby exposing the optical fiber elements (13, 23) and the at least one strain relief fiber element (14, 24) of each of the two opti-
cal cables (1, 2) to be spliced, joining the optical fiber elements (13, 23) of the two optical cables (1, 2) to be spliced, providing a
splicing sleeve (40) in such a way that it surrounds the joint of the two optical tfiber elements (13, 23), attaching said splicing
sleeve (40) against the circumferential surface of said optical cables (1, 2) thereby connecting the exposed strain relief fiber ele-
ments (14, 24) of the two optical cables (1, 2) to each other. The present invention furthermore provides a splice of two optical ca-
bles having improved strain resist which is characterized in that the strain relief fiber elements are connected to each other with
the exposed optical fiber elements (13, 23) being surrounded by the sleeve.



10

15

20

25

30

WO 2010/112235 1 PCT/EP2010/002116

Method for Splicing an Optical Fiber Element

The patent invention relates to a method for splicing an optical fiber element of an optical
cable reinforced with at least one strain relief fiber element.

When splicing an optical cable, the ends of the cables to be spliced are prepared by expos-
ing the optical fiber element to be spliced. For this, a jacket surrounding the optical fiber
element is cut in longitudinal direction thereby making the at least one optical fiber element
accessible in radial direction. The respective optical fiber element can be pulled out from the
optical cable. In particular, if fairly small diameter optical cable with only a few or even one
optical fiber element surrounded by the jacket is to be spliced, the jacket is completely re-
moved at the free end of the optical fiber to be spliced thereby exposing the at least one
optical fiber element. For appropriate splicing, the two optical fiber elements to be spliced
have to have a certain free length which is needed for proper alignment and fixing of the
optical fiber elements to be spliced during splicing operation. In particular, in case of a fusion
splice, i.e. in the case where the two optical fiber elements are joined by fusion, not only the
jacket but also a coating surrounding the optical fiber element has to be removed for a cer-
tain length. Before effecting fusion splicing, the stripped optical fiber element may need
cleaning and/or cleaving of the optical fiber end. As a consequence, the joint, i.e. the con-
nection of the two optical fiber elements to be spliced, is essentially arranged in the middle
of a jacket-free splicing area arranged within opposing end faces of the remaining jacket of

the two optical cables.

For this reason, the splice and the exposed optical cable need additional protection. Such
additional protection may be provided by a mechanical splice protector which receives the
end sections of the two optical fiber elements to spliced and aligns those end sections such
that optical signals can be transferred at the splice essentially without optical losses. If for
example the splice is effected by fusion of the two optical fiber elements to be spliced, such
splice is surrounded by a sleeve which fully covers the jacket-free splicing area and extends
over the circumferential surface of the jacket of each of the two optical cables at least at an
end section of said jackets. Accordingly, the sleeve can be considered as a substitute to the
jacket material removed for splicing. The splicing sleeve usually comprises a rigid strength
member which is to provide a certain bending strength in the jacket-free splicing area. Thus,
the splicing sleeve provides additional rigidity of the optical cable after splicing in the jacket-
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free splicing area. The splicing sleeve can be fully closed in circumferential direction. In this
case, the splicing sleeve is usually slided over the jacket of one of said optical cables before
splicing and slided over the jacket-free splicing area after splicing for attaching the splicing
sleeve against the circumferential surface of the jacket of both optical cables adjacent to the
jacket-free splicing area. A splicing sleeve may likewise have a longitudinal recess which
allows a certain degree of radial bending of the splicing sleeve and/or mounting of the splic-
ing sleeve by attaching the sleeve after splicing.

While the known method to protect the jacket-free splicing area with the splicing sleeve pro-
vides sufficient protection to avoid an inadmissible degree of bending within the splicing area
which may lead to optical losses, the known protection of the jacket-free splicing area by
means of a splicing sleeve is still insufficient for transmitting an axial pulling force. Such pull-
ing force of more than 20N may be necessary to pull e.g. a smaller diameter optical cable of
less or equal than 900 pm through duct for cable work in a building. Such small diameter
optical cable may e.g. be used to provide an excess point for an optical fiber network in a
single dwelling unit of a multi-dwelling building complex. Such small diameter optical cable
may have strain relief fiber elements generally in form of a Kevlar fiber element contained
within the jacket. Those strain relief elements, however, are cut in the jacket-free splicing
area. Accordingly, their strain relief effect is lost. Accordingly, the splice and the area around
the splice is rather weak and likely to fail if elevated pulling forces of more than 20N are ap-
plied to the optical cable to pull the same through ductwork for cable within a building.

In prior art, splicing of an optical fiber element of optical cables reinforced with strain relief
fiber elements is conducted by joining the optical fiber elements of the two optical cables to
be spliced. After that, a splicing sleeve is provided to cover the splice between the two opti-
cal fiber elements. Then, the strain relief fiber elements are arranged above the splicing
sleeve and connected to each other. Finally, the free ends of the strain relief fiber elements
are covered by a protective sleeve. Such method is e.g. known from US 4,846,545. In this
prior art, a splicing sleeve is provided around the exposed and spliced optical fiber elements.
A further protective sleeve is provided around the splicing sleeve. Finally, a heat shrinkable
sheath is provided encompassing the jacket of the two optical fiber elements and bridging
the entire range of removed jacket and the protective sleeve surrounding the splicing sleeve.
Thus, the method for splicing known from this prior art document is complicated and, hence,

troublesome and expensive.
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According to a further prior art document EP 0 355 923 A2, the optical fiber elements of the
two optical cables are spliced and protected by splicing sleeve. The splicing sleeve is sur-
rounded by a hot melt adhesive, which is made to melt when shrinking a heat shrinkable
tube against the jacket of the two optical cables, which heat shrinkable sleeve bridges the
splicing sleeve.

Another method to splice an optical fiber element of an optical cable reinforced with at least
one strain relief fiber element is known from DE 36 37 812 A1. The joint between the optical
fiber elements is surrounded by a rigid splicing sleeve or at least one shell element, which is
stiff to reduce a bendability of the optical fiber elements spliced in the jacket-free area. After
that, the strain relief elements are arranged around the rigid sleeve and the strain element of
the two different optical cables are connected with each other.

The present invention aims to provide a method for splicing an optical fiber element of an
optical cable comprising at least one strain relief fiber element, which method provides a
splice having improved strain and can be formed easily and economically. Further, the pre-
sent invention aims to provide a splice of two optical cables with at least one strain relief
fiber element having improved strain.

As a solution to the above object, the present invention provides a method as defined in
claim 1.

In said method, the jackets of the two optical cables are removed as generally known in prior
ant, thereby exposing the optical fiber element and the strain relief fiber element of the two
optical cables to be spliced. In the inventive method, it may be sufficient to use only one
strain relief fiber element of each of the two optical cables to be spliced in order to improve
strain of the spliced optical cable. However, the higher the number of strain relief fiber ele-
ments, the better the strain. Accordingly, it is preferred to expose multiple strain relief fiber
elements of both optical fibers before splicing. For high strain requirements, the use of opti-
cal cables having more than one strain relief fiber element and exposing and thereby using
the strain relief fiber elements as elements to improve the strain at the splice will be advan-

tageous.

According to the inventive method, the optical fiber elements of the two optical cables to be
spliced are joined. Joining may be attained by any known method, preferably by fusion splic-

ing.
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After this, a splicing sleeve is provided over the joint, e.g. by sliding the sleeve from the
jacket of said one optical cable towards the other of said optical cables. The respective splic-
ing sleeve may have been provided before splicing, which is considered to be necessary
when using a circumferentially closed splicing sleeve. In case of a splicing sleeve having a
longitudinal slot, the same may likewise be provided after joining the optical fiber elements.
This sliding movement is preferably stopped if the splicing sleeve bridges the splicing area.
After this, the joint of the optical fiber elements of the two optical cables and the strain relief
fiber elements are exposed within the splicing sleeve and surrounded by the same. In other
words, the splice of the optical fiber elements is retained within the splicing sleeve and ex-
posed therein. In this position, the splicing sleeve is attached against the circumferential
surface of the optical cables, i.e. the remaining jacket adjacent to the exposed optical fiber
elements, thereby sealing the splicing area against the environment. When sealing the splic-
ing area with the splicing sleeve, the strain relief fiber elements of the two optical cables are
connected to each other. Thus, the strain enforcement effected by the strain relief fiber ele-
ments of both optical fibers is made to bridge the splicing area and thus transmit any pulling
force over the splicing area.

When attaching the splicing sleeve, the same is usually moved against the optical cables to
be spliced in radial direction thereof. In the course of such radial movement of the splicing
sleeve, the strain relief fiber elements and the splice joint between the optical fiber elements
of the two cables become tightly surrounded by the splicing sleeve. Preferably, a rigid bridg-
ing element like e.g. a cylinder rod is surrounded by the splicing sleeve before attaching the
same to the two optical cables to be spliced. Thus, when attaching the splicing sleeve
against the circumferential surface of the optical cables, the bridging element is pressed
against the cables in radial direction, specifically pressed and preferably intimately con-
nected to the exposed optical fiber element. When attaching the splicing sleeve, the same is
preferably urged, i.e. biased in radial direction directly or indirectly with strain relief and/or
bridging elements inter disposed against the exposed optical fiber elements of both cables
and/or against the optical cables.

In the inventive method, the strain relief fiber elements can be connected to each other by
directly fixing against each other. For this, those strain relief fiber elements of the two optical
cables to be spliced are exposed such that they overlap each other.
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Alternatively or additionally, the exposed strain relief fiber elements can be connected to
each other with a bridging element in between. For this, the exposed strain relief fiber ele-
ments of the two optical cables are arranged to overlap the bridging element of the splicing
sleeve such that the exposed strain relief fiber elements are fused against each other indi-
rectly by means of the bridging element. Naturally, the strain relief fiber elements of the two
optical cables to be spliced may preferably be adapted to overlap each other and the bridg-

ing element.

The bridging element can be any element, which is suitable to transmit a pulling force ex-
erted in axial direction of the optical cable. This bridging element may be formed by the rigid
strength member mentioned in the introductionary part of this application which may form
part of a shrink sleeve. The bridging element is preferably a rigid bridging element, e.g. a
metal wire or cylinder. It may likewise be formed of a rather stiff polymeric material in form of
a wire or tube. The bridging element serves usually two purposes. |t is to improve bending
strength within the splice area to avoid excessive bending. Further, the bridging element
should transmit a tensile force over the splicing area. The bridging element may be specifi-
cally adapted to provide a surface promoting fixing of the strain relief fiber elements. The
strain relief fiber elements are preferably fixed against each other and against the bridging
element by means of a solidified hot melt. For enforcing the fixing of the strain relief fiber
elements against the bridging element, the same should have a surface adapted to provide
optimum adhesion to the melt used. Such adaption may for example be provided by a rough
outer surface of the bridging element. Thus, in the inventive method, the bridging element is
— by means of a radial inward force of the splicing sleeve connected to the exposed strain
relief fiber elements and/or the exposed optical fiber elements. Thus, the connection be-
tween the exposed optical fiber elements may be improved by the bridging element. An ap-
propriate way to secure the bridging element against the optical fiber elements and/or the
strain relief fiber elements is preferably to provide an adhesive therebetween surrounded by
the splicing sleeve. The adhesive can e.g. be a polymeric material, which melts upon the
application of heat (hot melt). A respective adhesive may be formed on the inner circumfer-
ential surface of the splicing sleeve, which splicing sleeve is preferably a sleeve exhibiting a
radial inward move upon activation. Activation can e.g. be obtained by applying heat to the
splicing sleeve. The splicing sleeve may likewise be an elastic sleeve, which is expanded in
radial outward direction with elastic deformation being secured prior to releasing by e.g. a
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mechanical support structure, which support structure can be released for activation of the

splicing sleeve.

The adhesive may be injected after sliding the splicing sleeve over the joint of the two optical
fiber elements. However, according to a preferred embodiment of the present invention, the
splicing sleeve itself is provided with the adhesive, which is preferably rendered liquidly in
case of heating the splicing sleeve. Thus, in a preferred embodiment, the splicing sleeve is
slid over the joint of the two optical fiber elements to directly cover the splice between the
optical fiber elements. In this preferred embodiment, the splice between the optical fiber
elements is not surrounded by an additional splicing sleeve, which may be surrounded by
the strain relief fiber elements. In fact, in the respective preferred embodiment after the splic-
ing sleeve has been slid over the joint between the optical fiber elements, a respective splic-
ing sleeve or, preferably, the at least one bridging element and/or strain relief elements are
the only neighboring elements to the splice in radial direction of the optical cables.

In yet another preferred embodiment of the present invention, the strain relief fiber element
of at least one of the optical cables is provided with a length projecting the joint between the
optical fiber elements. In other words, the strain relief fiber element is prepared when cutting
the at least one optical cable with a length greater than the optical fiber element of the same
optical cable. After joining of the optical fiber elements of the two optical cables, the respec-
tive strain relief fiber element will be adapted to pass the joint and extend over a certain
length of a bridging element and/or a strain relief element of the other optical cable, thereby
providing considerable overlap which improves transmission of a tensile force over the spli-
ce. In this preferred embodiment, the strain relief elements are preferably urged against the
circumferential surface of the opposed optical cable and, hence, fixed against the outer cir-
cumference thereof to enforce the optical joint between the exposed optical fiber elements.
More preferably, at least one strain relief element of one of the optical cables is preferably
cut to a length suitable to pass the respective strain relief fiber element over the splice be-
tween the optical fiber elements until the circumferential surface of the opposed optical fibre
cable is reached. Thus, the strain relief element is adapted to cooperate with the other opti-
cal cable. Accordingly, a strain relief connection is adapted to be formed bridging the optical
splice and, hence, a tensile force acting on the spliced optical cable may act as a compres-
sion force in the optical splice. Such effect can specifically be attained in the event a con-
nection is made between the strain relief fiber elements of one optical cable to the circum-
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ferential surface of the other optical cable, while connecting strain relief fiber elements of the
other optical cable to the circumferential surface of said one optical cable, while providing no
direct connection between the strain relief fiber elements and the optical fiber elements in
the region of the optical splice. Respective connection may e.g. be attained by an adhesive,
which is specifically provided in a selected area in axial direction of the sleeve on the inner

circumference of the splicing sleeve.

Fixing of the at least one strain relief fiber element may be attained by a force fit and/or a
form fit and/or a material-bonded-connection between the strain relief fiber elements of the
two optical cables and/or any bridging element provided.

Preferably, the splicing sleeve is attached against the circumferential surface of the optical
cables by shrinking, preferably by heat shrinking. In view of this, the splicing sleeve com-
prises a shrink tube which forms an outer circumferential surface of the splicing sleeve. In
order to improve fixing of the strain relief fiber elements, an adhesive, e.g. a hot melt, which
is contained within the splicing sleeve, is squeezed between the shrink tube and the circum-
ferential surface of the optical cable during shrinking of the tube. Usually, the tube will have
a longer axial extension than the adhesive provided within the splicing sleeve.

In case of heat shrinking, the adhesive in form of a hot melt will be heated and thereby be
made liquid. Usually, the hot melt provided within the shrink tube is infrared-heated. For
those reasons, the hot melt melts first and before the shrink tube is thermally initiated to
shrink. Usually, the splicing sleeve has ends with no hot melt. In absence of any hot melt
being infrared-heated, those ends will be initiated to shrink at last. Accordingly, shrinking of
the shrink tube would first compress the hot melt in the central part of the splicing area and it
is believed that the shrinking tube gradually shrinks from the middle of this splicing area to
the opposing free ends thereby pressing remaining air out of the splicing area. After the
shrink tube has circumferentially and tidily sealed the hot melt, the same will likewise seal
against the outer circumference of the remaining jacket adjacent to the splicing area. The
adhesive may likewise be a curing adhesive, which bonds to the exposed optical fiber ele-
ments and/or the strain relief fiber elements as well as — if present — to the bridging ele-
ments, which adhesive being forced against fhe outer circumference of the optical fiber ele-
ments and/or the strain relief elements upon shrinking of the splicing sleeve.
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Preferably, the splicing sleeve is slid over the jacket of the other optical cable, thereby ar-
ranging the strain relief fiber element of said one optical cable essentially on the circumfer-
ential surface of the other optical cable. Then, the splicing sleeve is slid in opposite direction
and arranged in such a way that the splicing sleeve overlaps the jacket of each of the two
optical cables adjacent to the exposed optical fiber elements of said optical cables. With this
arrangement, the splicing sleeve bridges the jacket-free splicing area and extends over a
certain length of the remaining jacket of both optical cables. Since the strain relief fiber ele-
ment of said one optical cable is as a result of the first sliding movement of the splicing
sleeve arranged essentially on the circumferential surface of said other optical cable, the
strain relief fiber element will be arranged between the inner circumferential surface of the
splicing sleeve and the outer circumferential surface of the jacket of said other optical ca-
bles. As a consequence of the respective sliding operation of the splicing sleeve the strain
relief fiber elements of the two optical cables are arranged in a predetermined way facilitat-

ing proper connection of the strain relief fiber elements with each other.

According to a further preferred embodiment, the step of sliding the splicing sleeve over the
jacket of said other optical cable includes bending of an exposed strain relief fiber element of
said other optical cable, thereby arranging said strain relief fiber element between the splic-
ing sleeve and the circumferential surface of said other optical cable. The sliding operation
of the splicing sleeve in the first sliding direction over the jacket is stopped after said splicing
sleeve has passed the free end of said exposed strain relief fiber element of said other opti-
cal cable. After sliding in this first direction, a revised sliding operation of the splicing sleeve
is initiated leading to arrangement of said at least one strain relief fiber element of said other
optical cable within the jacket-free splicing area. In particular, by using a hot meit which is
allowed to flow within the jacket-free splicing area upon heat treatment, the strain relief fiber
elements of the two optical cables may be joined by the hot melt, thereby improving the
strain of the spliced optical cable.

According to a preferred embodiment, the optical fiber element of one of said optical cables
is cut to a length shorter than the length of the exposed strain relief fiber element of said one
optical cable. Accordingly, when sliding the slicing sleeve in the first sliding direction and
over the jacket of said other optical cable, the strain relief fiber element of said one optical
cable is arranged over the circumference of the jacket of said other optical cable. The abo-
ve-described reversed sliding operation is commenced before the sliding sleeve has passed
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the free ends of the longer strain relief fiber elements of said one optical fiber cable. With
this method, a certain degree of overlap between the longer strain relief element of said one
optical cable and the strain relief of the other optical cable having a length at least not longer
than the optical fiber element of said other optical cable is achieved.

In a further preferred embodiment, the excess length of the strain relief fiber element of said
one optical cable projecting the splicing sleeve after arrangement of the same overlapping
the jackets of both optical cables is cut. Cutting preferably is conducted in such a way, that
the excess length is completely removed. As a result, the strain relief fiber element termi-
nates essentially at the end of the splicing sleeve. Cutting of the excess length of the strain
fiber element will reduce the resistance of the spliced optical cable when pulling the same
through ductwork of a building.

The present invention furthermore provides a splice of two optical cables which have been
formed according to the above described method. The inventive splice is defined in claim 13
and comprises two cables, each of them having at least one optical fiber element. Further,
there is provided at least one strain relief fiber element. Preferably, the strain relief fiber
element of the two optical cables is provided within the splice. Further, the splice comprises
a splicing sleeve surrounding the optical fiber elements of the two optical cables and at least
one exposed strain relief fiber element of each optical cable. The two optical fiber elements
to be spliced and the at least one strain relief fiber elements of both optical cables to be
spliced are exposed by removal of the jacket of the respective optical cables. The at least
one strain relief fiber elements of the two optical cables are connected to each other,
thereby effecting a strain relief from one optical cable to the other, essentially bypassing the
splice between the spliced optical fiber elements of the two optical cables. In the inventive
splice, the strain relief fiber elements of the two optical cables can be directly connected with
each other or by means of the aforementioned bridging element with the exposed optical
fiber element being exclusively surrounded by the splicing sleeve, preferably with the strain
relief fiber elements inter disposed between the exposed optical fiber elements and the
splicing sleeve, and - if present — with the bridging element being arranged inter disposed
between the splicing sleeve and the optical fiber elements.

In a preferred embodiment, the end of the strain relief fiber element of at least one of said
optical cables is arranged within-the splicing sleeve. Further preferable, the end of the strain
relief fiber element of said at least one optical cable is arranged between the circumferential
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surface of said one optical cable and the inner circumferential surface of the splicing sleeve.
Alternatively, the strain relief fiber element of said one optical cable is preferably fixed be-
tween the circumferential surface of said other optical cable and the inner circumferential
surface of said splicing sleeve. In both cases, the strain relief elements usually contact the
circumferential surface of an optical cable and are connected thereto.

Further embodiments of the inventive splice are set out in the dependent claims 14 to 16.

The present invention will be described hereinafter in greater detail and in an exemplary
manner by referring to an embodiment depicted schematically in the drawings. In the draw-

ings:

Figure 1a is a schematic sight of a first step in the splicing method;

Figure 1b is a second step in the splicing method,;

Figure 1c is a third step in the splicing method;

Figure 1d is a fourth step in the splicing method,

Figure 1e is a last step in the described embodiment of method for splicing;

Figure 2 is a schematic cross-sectional view of the situation depicted in Figure 1e for
an alternative embodiment,

Figure 3 is the detail D according to Figure 2 in an enlarged view, and

Figure 4 is a cross-sectional view of the situation depicted in Figures 1e and 2 of a third
embodiment of the present invention.

All Figures 1a to 1e show a schematic side view of two optical cables 1, 2 to be spliced.
Each of said cables 1, 2 have a jacket 11, 12 which is removed at the forward end 12, 22 of
the respective optical cables 1, 2, thereby exposing an optical fiber element 13, 23 and two
strain relief fiber elements 14, 24 of each of said optical cables 1, 2. In the shown embodi-
ment, the two optical cables 1, 2 are optical cables Tyco Electronics Pico-Breakout Cable
with optical fiber elements of 250 um, a thight acrilate reinforcement with an outer diameter
of 350 um around said optical fiber element and a polyamide sheath with an outer diameter

of 750 um forming the jacket of the cable. Between the polyamide sheath and the acrilate,
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there is arranged a strength member of aramidic yarns, each of said yarns forming a strain
relief fiber element in the meaning of the present invention. Figure 1a shows a situation, in
which a splice 30 has already been effected by standard fusion splicing. Prior to splicing, a
splicing sleeve 40 had been provided on the jacket 11 of the optical cable 1 in such a way,
that a jacket-free splicing area 50 is provided between opposing ends of the two jackets 11,
21.

After standard fusion splicing, this splicing sleeve 40 is shifted from the one optical cable 1

to the other optical cable 2 in the direction of arrow A until the splicing sleeve 40 is shifted
over the jacket 21 of the other optical cable 2. In this shifting operation, the two strain relief
fiber elements 14 of the one optical cable 1 are arranged essentially in parallel with the outer
circumferential surface of the jacket 21 of the other optical cable 2. Further, the strain relief
fiber elements 24 of the other optical cable 2 are likewise arranged between the inner cir-
cumferential surface of the splicing sleeve 40 and the outer circumferential surface of the
jacket 21 (see Figure 1b).

When comparing the length of the strain relief fiber elements 14, 24, it is immediately evi-
dent that the strain relief fiber elements 14 are much longer than the length of the optical
fiber element 13 projecting the jacket 11. In other words, the jacket 11 of the one optical ca-
ble 1 is removed to a greater length than the jacket 21 of the other optical cable 2. After that
and prior to splicing, the optical element 13 of the one optical cable 1 had been cutto a
length considerably shorter than the length of the strain relief fiber elements 14 of said cable
1. The length of the optical fiber element 23 corresponds essentially to the length of the re-
spective strain relief fiber element 24 of the other optical cable 2. The optical fiber element
23 is in fact a bit shorter due to the preparation of the optical fiber element 23 required for
appropriate splicing which involves the provision of a clean cutting surface at the end of both
optical fiber elements 13, 23.

Due to the above described length differences, the strain relief fiber elements 24 of the other
optical cable 2 are released from the splicing sleeve 40 at Figure 1c while the strain relief
fiber elements 14 of the one optical cable 1 are still received within the splicing sleeve 40
and arranged essentially on the circumferential surface of the other optical cable 2, namely
the jacket 21 of said optical cable 2.
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The sliding movement of the splicing sleeve 40 is stopped before free ends 16 of the strain
relief fiber elements 14 pass the forward end of the splicing sleeve 40 in sliding direction A.
Thereafter, the free ends 16 of the strain relief fiber elements 14 may be temporarily fixed
against the circumferential surface of the jacket 21. After this, the sliding movement of the
splicing sleeve 40 is reverted arrow B until the position depicted in Figure 1d has been rea-
ched. In this position, the splicing sleeve 40 fully surrounds the jacket-free splicing area 50
between the opposing jackets 11, 21 and surrounds an end section 15, 25 of both jackets
11, 21. The length of the end sections 15, 25 surrounded by said splicing sleeve 40 is es-
sentially identical. In the position according to Figure 1d, the splicing sleeve is attached
against the circumferential surface of the optical cables 1, 2, i.e. against the outer circumfer-
ence of the jackets 11, 21. This is preferably attained by heating the splicing sleeve 40 com-
prising a shrink tube to appropriate temperature to affect heat shrinking of the shrink tube.
As a result, the strain relief fiber element 14 of the one optical cable 1 is fixed to the outer
surface of the jacket 21 such that a pulling force transmitted by the spliced optical cable 1, 2
is predominantly, if not exclusively transmitted by the strain relief fiber elements 14.

Figure 1e shows the last step for effecting splicing in the above described way by cutting the
free end 16 of the strain relief fiber element 14 projecting the splicing sleeve 40.

In both of the examples, when shrinking the splicing sleeve 40, the strain relief fiber element
14 is connected to the optical cable 2 by forcing the same in radial inward direction and
against the outer circumference of the jacket 21. Thus, an enforcement of the exposed opti-
cal fiber elements 13, 23 by connection between the strain relief fiber element 14 and the
opposed optical cable 2 is achieved.

Figure 2 shows an alternative embodiment of the situation depicted in Figure 1e and de-
scribed above. In particular, Figure 2 elucidates the details of the splicing sleeve 40 being
composed of an inner tube of the hot melt 41, which is surrounded by a shrink tube 42 of
heat shrinkable polymer sheet receiving there between a metallic cylinder rod 43 which con-
stitutes a specific embodiment of the bridging element of the present invention. This cylinder
rod 43 is arranged between the outer circumference of the cylinder of hot melt 41 and the
inner circumferential surface of the shrink tube 42.

As evident from Figure 2, each of the optical cables 1, 2 have strain relief fiber elements 14,
24 being cut to a length shorter than that of the optical fiber elements 13, 23 of the respec-
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tive optical cables 1, 2. When securing the splicing sleeve 40 to the splice, an infrared heat-
ing is applied to the hot melt 41. Due to this, the cylindrical tube of hot melt 41 becomes lig-
uid and collapses into the jacket-free splicing area 50. This collapse is assisted by the ther-
mally induced shrinking of the shrink tube 42. As evident from Figure 2, the shrink tube 42
has end sections 44 axially projecting the hot melt tube 41. Due to this, the central area
above the splice 30 will be started to contract in radial direction before the end sections 44
start to shrink. On a general basis, it is believed that the central section of the shrink tube 42
shrinks first and thus forces the hot melt 41 against the optical fiber elements 13, 23 and the
strain relief fiber element 14 of optical cable 1 and those strain relief fiber element 24 of the
optical cable 2. The cylinder rod 43 may likewise have a length which is adapted to fit within
the jacket-free splicing area 50. Accordingly, the respective cylinder rod 43 will be received
within the free ends of the jackets 11, 21 of the respective optical cables 1, 2. Alternatively,
the cylinder rod 43 may have a length adapted to lay against the outer circumferential sur-
face of the jackets 11, 21 of respective optical cables 1, 2. Due to the heating of the hot melt
41 the end sections 44 are the last to obtain a temperature sufficient to initiate shrinking.
The selection of dimensions should be such that those end sections 44 shrink after the
shrink tube 42 has radially compressed the entire melted hot melt 41 within the jacket-free
splicing area 50. Shrinking against the outer circumference of the jackets 11, 21, this jacket-
free splicing area 50 is finally sealed against environment by the shrink tube 42.

Figure 3 elucidates various layers around the optical fiber elements 13, 23 of the two optical
cables 1, 2. Those optical fiber elements 13, 23 may have a diameter of between 9 to 10 ym
and are usually surrounded by a cladding 60. Around said cladding there is provided a coat-
ing 61 which usually is removed to a certain length to allow fusion splicing. When removing
the coating 61, the strain relief fiber element 14, 24 is likewise removed with respective
length. In other words, the strain relief fiber elements 14, 24 of each optical cable 1, 2 are
surrounding the coating 61.

Figure 4 shows a third embodiment of the present invention in which the cables 1, 2 to be
spliced have been prepared by removing the jacket 11, 21, thereby exposing the strain relief
fiber elements 14, 24 and the optical fiber elements 13, 23. In the embodiment of Figure 4,
all strain relief fiber elements 14 of the one optical cable 1 have been bent outwardly to lie
on the outer circumference of the jacket 11 of said optical cable 1. A respective arrangement
is achieved for the strain relief elements 24 of the other optical cable 2. The splicing sleeve
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40 have a length exceeding the axial extension of the jacket-free splicing area 50. The
length of the cylinder rod 43 is selected essentially in accordance with the length of both
strain relief fiber elements 14, 24 lying on the circumference of the jacket.

Upon infrared heating, the hot melt 41 becomes liquid and fills the jacket-free splicing area
50, thereby encapsulating the optical fiber elements 13, 23 of both optical cables 1, 2 as well
as the strain relief fiber elements 14, 24 and the coating 61 of both of the optical cables 1, 2.
Further, the entire axial length of the exposed optical fiber elements 13, 23 is reinforced by
the bridging element 43, which is secured against the strain relief fiber elements 14, 24
and/or the outer circumference of the optical cables 1, 2. The bridging element 43 can be cut
to a length, which fits between the distance of the removed jacket 11, 21 of both optical ca-
bles 1, 2 to reinforce only the exposed optical fiber elements 13, 23 of both cables 1, 2. For
this case, the bridging element 43 is secured against the exposed optical fiber elements 13,
23. In addition to such fairly short bridging element, there can be provided at least one other
bridging element, which cooperates with the strain relief fiber elements 14, 24 and/or the
outer circumference of the jacket 11, 21 of the two cables 1, 2. Further, the bent sections of
the strain relief fiber elements 14, 24 within the jacket-free splicing area 50 are likewise en-
capsulated by the liquid hot melt. The tube providing the hot melt 41 has a dimension essen-
tially appropriate to fill the entire jacket-free splicing area 50 with hot melt. Further, hot melt
will surround the end sections of both jackets 11, 21 which are surrounded by the free end of
the strain relief fiber elements 14, 24. Due to the radial compression force of the shrink tube
42, the cylinder rod 43 is compressed against the outer circumference of both jackets 11,

21, thereby connecting the free end of the strain relief fiber elements 14, 24 to the cylinder
rod 43 and sealing the exposed strain relief fiber elements 14, 24 within the jacket-free splic-
ing area 50 with hot melt which solidifies after heat shrinking the shrink tube 42. As a conse-
quence, a pulling force on the two optical cables 1, 2 is transmitted from the free ends of the
strain relief fiber elements 14, 24 to the rigid cylinder rod 43, which bypasses the splice 30
and the jacket-free splicing area 50 for transmittal of said pulling force.

The present invention is not restricted to the embodiments. In particular, multiple strain relief
fiber elements of one optical cable may be arranged partially in a way as described, e.g. with
respect to Figure 2 and partially as described in combination with Figure 3 and/or 1. In par-
ticular, part of the strain relief elements of both optical cables may be directly connected to
each other and overlap each other, while others are connected to each other by the rigid
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bridging element. Further, different strain relief fiber elements of one optical cable may be
cut to different Iengths", such that the overlapping length with the strain relief fiber elements
of the other optical cable varies for selected strain relief fiber elements and/or no overlap
exists and the tensile force of selected strain relief fiber elements is transmitted only over the
cylinder rod. As shown in Figure 2, the strain relief elements of both optical cables 1, 2 may
be exclusively arranged between the jackets 11, 21 of each of said optical cables 1, 2 and
the splicing sleeve 40. In case the cylinder rod 43 is forced into the jacket-free splicing are
40 when shrinking the splicing sleeve 40 starting from a position in Figure 2, the cylinder rod
43 will eventually be arranged such that the strain relief fiber elements 14, 24 are arranged
adjacent to the cylinder rod 43. Thus, the cylinder rod 43 is arranged between the shrink
tube 42 and the strain relief fiber elements 14, 24. Shrinking the shrink tube 42 of the splic-
ing sleeve 40 from a position depicted in Figure 4 results in arrangement of the strain relief
fiber elements 14 of the optical cable 1 between the jacket 11 of said optical cable 1 and the
cylinder rod 43. A respective arrangement will be attained for the strain relief fiber elements
24 of the other optical cable 2.
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Reference List
optical cable
jacket of optical cable 1
forward end of optical cable 1
optical fiber element of optical cable 1
strain relief fiber element of optical cable 1
end section of the jacket 11 of the one optical cable 1
free end of the strain relief fiber element 14
other optical cable
jacket of the other optical cable 2
forward end of the other optical cable 2
optical fiber element of the other optical cable 2
strain relief fiber element of the other optical cable 2
end section of the jacket 21 of the other optical cable 2
splice
splicing sleeve
hot melt
shrink tube
cylinder rod
end section
jacket-free splicing area
cladding

coating
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Claims

A method for splicing an optical fiber element of an optical cable reinforced with at
least one strain relief fiber element (14, 24) comprising the steps of:

- removing a jacket (11, 21) thereby exposing the optical fiber elements (13, 23) and
the at least one strain relief fiber element (14, 24) of each of the two optical cables
(1, 2) to be spliced;

- joining the optical fiber elements (13, 23) of the two optical cables (1, 2) to be spli-
ced;

- providing a splicing sleeve (40) in such a way that it surrounds the joint of the two
optical fiber elements (13, 23);

- attaching said splicing sleeve (40) against the circumferential surface of said optical
cables (1, 2) thereby connecting the exposed strain relief fiber elements (14, 24) of
the two optical cables (1, 2) to each other.

The method of claim 1, characterized in that the splicing sleeve (40) is slid over a
splice between the two optical fiber elements (13, 23) and urged to be biased against
the two optical fiber elements (13, 23) and/or the optical cables (1, 2). o

The method according to claim 1 or 2, characterized in that the exposed strain relief
fiber elements (14, 24) are arranged to overlap each other, and that the strain relief
fiber elements (14; 24) of one optical cable (1; 2) is fixed against the circumferential
surface of the other optical cable (1, 2).

The method according to any of the preceding claims, characterized in that the ex-

posed strain relief fiber elements (14, 24) are arranged to overlap a bridging element
(43) of said splicing sleeve (40) and that said exposed strain relief fiber elements (14,
24) are connected to each other by means of said bridging element (43).

The method according to any of the preceding claims, characterized in that said
splicing sleeve (40) is attached against the circumferential surface of said optical ca-
bles (1, 2) by shrinking.

The method according to any of the preceding claims, characterized by an adhesive
introduced between the optical fiber elements (13, 23) and the splicing sleeve (40),
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which adhesive bonds the exposed optical fiber elements (13, 23) and the exposed
strain relief fiber elements (14, 24).

The method according to any of the preceding claims, characterized by an adhesive
introduced between the strain relief fiber elements (14, 24) and the splicing sleeve
(40), and that said exposed strain relief fiber elements (14, 24) are connected to each
other by means of said adhesive.

The method according to claim 4 or 5, characterized in that during heat shrinking a
hot melt is squeezed between the optical fiber elements (13, 23) and the splicing
sleeve (40) thereby connecting the exposed strain relief fiber elements (14, 24) with
each other and/or with the bridging element (43).

The method according to any of the preceding claims, characterized in that the op-
tical fiber element (13) of at least one of said optical cables (1) is cut to a length
shorter than the length of the exposed strain relief fiber element (14) of said one opti-
cal cable (1).

The method according to claim 9, characterized in that said splicing sleeve (40) is
slid over the jacket (21) of said other optical cable (2) thereby arranging the strain re-
lief fiber element of said one optical cable (1) essentially on the circumferential sur-
face of said other optical cable (2) and that

said splicing sleeve (40) is slit in opposite direction (B) and arranged in such a way
that said splicing sleeve (40) overlaps the jacket (11, 21) of each of said optical ca-
bles (1, 2) adjacent to the exposed optical fiber elements (13, 23) of said optical ca-
bles (1, 2).

The method according to claims 1 to 10, characterized in that in theAstep of sliding
said splicing sleeve (40) over the jacket (21) of said other optical cable (2), the ex-
posed strain relief fiber element (24) of said other optical cable (2) is bent and ar-
ranged between the splicing sleeve (40) and the circumferential surface of said other
optical cable (2) and

that sliding said splicing sleeve (40) over the jacket (21) of said other optical cable (2)
is stopped after said splicing sleeve (40) has passed the free end of said exposed
strain relief fiber element (24) of said other optical cable (2).
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The method according to any of claims 9 to 11, characterized in that after arranging
said splicing sleeve (40) in such a way, that said splicing sleeve (40) overlaps the
jacket (11, 21) of each of said optical cables (1, 2) and excess length of said strain
relief fiber eleme\nt (14) of said one optical cable (1) projecting said splicing sleeve
(40) is cut.

A splice of two optical cables (1, 2) each having at least one optical fiber element
(13, 23) and at least one strain relief fiber element (14, 24) comprising a splicing
sleeve (40) surrounding the optical fiber elements (13, 23) of the two optical cables
(1, 2) and at least one strain relief fiber element (14, 24) of each optical cable (1,2),
said optical fiber elements (13, 23) and at least one of said strain relief fiber elements
(14, 24) being exposed by removal of a jacket (11, 21) of each of said optical cables
(1, 2) and covered by said sleeve (40), wherein the strain relief fiber elements (14,
24) are connected to each other.

The splice of two optical cables as defined in claim 13, characterized in that the end
of at least one strain relief fiber element (14) of one optical cable (1) has a length ex-
ceeding the length of the optical fiber element (13) of said one optical cable (1) and
wherein the end of the strain relief fiber element (24) of said other optical cable (2) is
arranged within the splicing sleeve (40).

The splice of two optical cables as defined in claims 13 or 14, characterized in that
said strain relief fiber elements (14; 24) and a circumferential surface of the optical
cable (1, 2) are connected to each other within said splicing sleeve (40) and by an
adhesive arranged within a tube (42) of said splicing sleeve (40).

The splice of two optical cables as defined in any of the claims 13 to 15, character-
ized by a bridging element (43), which is connected to said strain relief fiber ele-
ments (14, 24) and/or to said exposed optical fiber elements (13, 23).
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