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(57) Abstract: A connecting structure for an optical cable by which connecting of the cable may be performed with few man-
hours and without causing a mistake by an operator. A latch releasing member (142b) is integrally formed with a clip carrying
member (14b). When clip carrying member (14b) is rotated so that a clip (3b) carried by clip carrying member (14b) is positioned
close to a clip holder (44b) of a cable (4b), latch releasing member (142b) pushes down a latch (114b) of a base (11) in order to
disengage the latch. As latch (114b) prevents cable holder (44b) from moving backward, by the operation to push down latch
(114b), cable holder (44b) may be moved away from a mechanical splice (2) by a restoring force of a bent core fiber (41b).
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CONNECTING STRUCTURE FOR OPTICAL CABLE

TECHNICAL FIELD

The present invention relates to a connecting structure for an optical cable

including a mechanical splice therein.

BACKGROUND ART

In recent years, a connecting structure of a field mounting type including an optical
fiber is used for constructing an optical fiber network such as a FFTH (Fiber to Home).
The connecting structure has, for example, a so-called mechanical splice structure therein.
(This structure may permanently connect ends of naked optical fibers to each other such
that the ends of the fibers abut each other, without welding or adhering.) For example,
Japanese Unexamined Patent Publication (Kokai) No. 2003-322762 discloses a connecting
jig for a mechanical splice-type connector used for inserting an optical fiber into a holding
groove of a splice member.

Generally, in a connecting structure containing a mechanical splice the ends of
core fibers of two drop cables processed in the assembling field abut each other. At this
point, in order to ensure the abutment state, the drop cables are biased toward the
connecting structure such that the core fibers somewhat bend near the mechanical splice.
The abutment state may maintained by a reaction force obtained by bending of the fibers.
For example, it is described in Japanese Unexamined Patent Publication (Kokai) No.
2007-121878 disclosing a connecting tool for an optical connector, that "According to the
connecting tool, a flexure or a bend of a fiber, desired when the fiber is connected in a
mechanical splice, may be easily and quantitatively generated, whereby two fibers may be
surely connected in the mechanical splice.”

Further, Japanese Unexamined Patent Publication (Kokai) No. 2005-208496
discloses a closure 10 including a clamp part 4 for connecting two optical fibers 2 inserted
into a closure sleeve 11 from opposing ends thereof; and a coupling platform 3 having a
pair of holder ports 20 for gripping optical fibers 2, clamp part 4 being positioned between
holder ports 20, holder parts 20 being configured to slidably move from both ends of
platform 3 to clamp part 4 so that optical fibers 2 gripped by holder parts 20 may be

inserted into clamp part 4.
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The optical cable or the drop cable, used in a FTTH application, is connected in a
cabinet, arranged on an electric pole by using a mechanical splice or another connector
and wired to each home. If at least a part of the drop cable between the electric pole and
cach home has trouble, such as breaking or being damaged, the cable between the electric
pole and the home having the trouble is removed and wire distribution is restarted from the
beginning again. Accordingly, it is desired to restore the drop cable by inserting another
drop cable into the broken or damaged point of the cable, without restarting the wire
distribution from the beginning.

When the connecting structure is used for the FTTH application, the connection of
the structure is often done in a treacherous place in an unstable outdoor environment.
Accordingly, a connecting structure is desired by which the connecting of the cable may
be done with few man-hours, by bringing members required for the work together.

In a drop cable after the connection is completed, it is preferable that a core fiber of
the cable does not have a flexure in the connecting structure so as to reduce optical loss.
On the other hand, the cable is connected with a certain flexure, optical loss by which may
be neglected or allowable, in order that disadvantageous tension is not applied to the core
fiber due to a change in dimension by heat or the like. However, depending on the
procedure of the connecting structure, an operator may forget to provide the flexure to the
core fiber, or may purposely release the flexure. Therefore, a connecting structure, by
which the operator may carry out the connection without forgetting to provide a certain
flexure to the core fiber and the operator cannot purposely release the flexure, is desired.

Further, when the connecting structure is used indoors, a simple and compact
connecting structure is desired.

The present invention thus provides a connecting structure for an optical cable by
which connecting of the cable may be performed with few man-hours and without causing
a mistake by an operator.

In order to achieve the object of the invention described above, one embodiment of
the present invention provides a connecting structure comprising: a case containing a
mechanical splice configured to connect two optical fibers of two cables; an engaging part
arranged in the case and configured to engage with at least one cable such that the at least
one cable is not separated from the mechanical splice by more than a predetermined

distance in the longitudinal direction of the at least one cable; a releasing part configured
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to release the engaging part from the at least one cable; a clip carrying member configured
to carry a clip member for fixing the cable to the case and move relative to the case such
that the clip member may be positioned close to the cable, wherein the releasing part is
integrally formed with the clip carrying member and configured to release the engaging
part from the at least one cable when the clip member is positioned close to the cable.

Another embodiment of the present invention provides a connecting structure
comprising: a case having a mechanical splice mounting part for containing a mechanical
splice configured to connect two optical fibers of two cables; a clip for gripping and fixing
the cable to the case; and a cover constituting a closure cooperatively with the base,
wherein the cover has a pushing member for contacting at least a part of the clip gripping
the cable and pushing the clip in the direction along the longitudinal direction of the cable
toward the mechanical splice mounting part, when the cover is attached to the base so as to
form the closure.

Still another embodiment of the present invention provides a connecting structure
comprising: a housing containing a mechanical splice configured to connect two optical
fibers of two cables; and an actuation member for closing the mechanical splice, the
actuation member extending in the longitudinal direction of the housing, wherein at least
one of both ends in the longitudinal direction of the housing of the actuation member is
attached the housing, and an intermediate part of the actuation member between both ends
is configured to be displaced toward the mechanical splice and contact the mechanical
splice.

According to one embodiment of the present invention, the operation for
positioning the clip member close to the cable is combined with the operation for releasing
the engaging part holding the cable from the cable, whereby the connection of the cable
may be performed with few man-hours and without causing a mistake by the operator.
Further, by using the clip carrying member for carrying the clip member, the clip member
cannot be lost and cannot be an obstacle to the operation.

According to another embodiment of the present invention, by inserting optical
cables each having a predetermined length of exposed core fiber into a mechanical splice
of a connecting structure, the cables may be easily connected to each other without using
another tool. In this connection, since clip gripping the cable is pushed toward the

mechanical splice when a cover is attached to a base, a certain length of bend is formed in

3



10

15

20

25

30

WO 2009/111176 PCT/US2009/034497

the core fiber of the cable when the assembling operation of the connecting structure is
completed. Therefore, an operator cannot purposely release the bend, whereby a stable
operation may be performed regardless of the skill of the operator.

According to still another embodiment of the present invention, a compact and
simple connecting structure may be provided. Further, the connecting work of cables may

be carried out with relatively few man-hours.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the present invention will
be made more apparent by the following description of the preferred embodiments thereof,
with reference to the accompanying drawings, wherein:

Fig. 1 is a perspective view showing a connecting structure according to a first
embodiment of the present invention.

Fig. 2 is a diagram showing a constitution of a drop cable which may be connected
by using the connecting structure.

Fig. 3 is a perspective view showing the state that a first drop cable is positioned in
the connecting structure.

Fig. 4 is a perspective view showing the state that a clip is positioned close to the
first drop cable.

Fig. 5 is a perspective view showing the state that the clip is pushed down to fix
the first drop cable.

Fig. 6 is a perspective view showing the state that a second drop cable is positioned
in the connecting structure.

Fig. 7a is an axial cross-sectional view showing the state before the second drop
cable is fixed by a latch.

Fig. 7b is an axial cross-sectional view showing the state after the second drop
cable is fixed by the latch.

Fig. 8 is a perspective view showing the state that a mechanical splice of the
connecting structure is closed.

Fig. 9 is a perspective view showing the state that a clip is positioned close to the
second drop cable.

Fig. 10 is a perspective view showing the state that the latch is released by a latch

releasing member of a clip carrying member.
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Fig. 11 is a perspective view showing the state that the clip is pushed down to fix
the second drop cable.

Fig. 12 is a perspective view showing the state that a cover is closed to complete
the connecting structure.

Fig. 13 is a perspective view showing a connecting structure according to a second
embodiment of the present invention.

Fig. 14 is an axial cross-sectional view showing the state that a latch is released by
pushing down a lever.

Fig. 15 is a schematic view showing an example around a latch when a cable does
not have a cable holder.

Fig. 16a is a schematic view showing another example around a latch when a cable
does not have a cable holder.

Fig. 16D is a schematic view showing the state that a cable holder guide engaging
with a cable is released by an engagement releasing member.

Fig. 17 is a perspective view showing a connecting structure according to a third
embodiment of the present invention.

Fig. 18 is a diagram showing a constitution of a drop cable which may be
connected by using the connecting structure.

Fig. 19 is a perspective view showing the state that a first drop cable is positioned
in the connecting structure of Fig. 17.

Fig. 20 is a perspective view showing the state that the first drop cable is fixed to a
base by means of a clip.

Fig. 21 is a perspective view showing the state that a second drop cable is
positioned in the connecting structure.

Fig. 22 is a perspective view showing the state that a mechanical splice of the
connecting structure is closed.

Fig. 23 is a perspective view showing the state that the second drop cable is fixed
to the base by means of a clip.

Fig. 24 is a perspective view showing the state that a cover is closed to complete
the connecting structure.

Fig. 25a is an axial cross-sectional view showing the state before the second drop

cable is fixed by the clip.
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Fig. 25b is an axial cross-sectional view showing the state that the clip is pushed
toward the base.

Fig. 25c¢ is an axial cross-sectional view showing the state after the second drop
cable is fixed by the clip.

Fig. 25d is an axial cross-sectional view showing the state that the cover is
positioned above the base.

Fig. 25¢ is an axial cross-sectional view showing the state that the cover is attached
to the base and the clip is displaced toward the mechanical splice.

Fig. 26 is a partial enlarged view of Fig. 25c.

Fig. 27 is a partial enlarged view of Fig. 25¢.

Fig. 28 is a perspective view showing a connecting structure according to a fourth
embodiment of the present invention.

Fig. 29 is an exploded perspective view showing a connecting structure according
to a fifth embodiment of the present invention.

Fig. 30 is a diagram showing a constitution of a drop cable which may be
connected by using the connecting structure.

Fig. 31 is a diagram showing the state that a mechanical splice is positioned in a
housing of the connecting structure of Fig. 29.

Fig. 32 is a diagram showing the state that first and second drop cables are
positioned in the connecting structure of Fig. 29.

Fig. 33 is a cross-sectional view along XXXIII-XXXIII line of Fig. 32.

Fig. 34 is a diagram showing the state that the first and second drop cables are
displaced away from the mechanical splice by a certain distance, from the state of Fig. 32.

Fig. 35 is a cross-sectional view along XXXV-XXXV line of Fig. 34.

Fig. 36 is a perspective view showing the state that the clip is pushed down to
complete the connecting structure.

Fig. 37 is a perspective view showing a connecting structure according to a sixth
embodiment of the present invention.

Fig. 38 is a diagram showing the state that a mechanical splice is positioned in a
housing of the connecting structure of Fig. 37.

Fig. 39 is a diagram showing a constitution of a drop cable which may be

connected by using the connecting structure.
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Fig. 40 is a diagram showing the state that first and second drop cables are
positioned in the connecting structure of Fig. 37.

Fig. 41 is a perspective view showing the state that the clip is rotated to complete
the connecting structure.

Fig. 42 is a cross-sectional view along XXXXII-XXXXII line of Fig. 41.

Fig. 43 is a diagram showing the state that the connecting structure of the sixth

embodiment is contained in a case.

DESCRIPTION OF EMBODIMENTS

Fig. 1 is a perspective view of a first embodiment of a connecting structure for
optical cables according to the present invention. A connecting structure 1 has a base
member 11 for receiving two drop cables to be connected, and a cover member 12
pivotably connected to base member 11 by means of a hinge 121. In this embodiment,
cach of base 11 and cover 12 has a general shape of a halved cylinder formed by dividing
a cylinder into two pieces along the longitudinal direction thereof. As described below,
base 11 and cover 12 cooperatively form a closure or a case. Connecting structure 1 also
has a closing part or a lever member 13 pivotably connected to base 11 by means of a
hinge 131 such that the lever member may close a mechanical splice 2 located at generally
the center of base 11; and clip carrying members 14a, 14b for carrying fixing part or clip
members 3a, 3b for fixing cable holder 44a, 44b (see Fig. 2) attached to drop cables 4a, 4b
to base 11. Clip carrying members 14a, 14b are pivotably connected to base 11 by means
of hinges 141a, 141b, respectively.

Clip 3a is a member formed by machining a plate member and has a substrate 31a;
two pairs of opposing fixed edges 32a extending in the direction perpendicular to the
substrate, from both ends in the direction of insertion of the cable of substrate 31a toward
the base; and guides 33a extending in the same direction of edges 32a, from both ends in
the direction generally perpendicular to the direction of insertion of the cable. Each pair
of edges 32a grips the cable therebetween. Guides 33a attached to clip carrying member
14a such that the guides grips both ends of clip carrying member 14a in the direction
generally perpendicular to the direction of insertion of the cable. Clip 3b may have the
same configuration as clip 3a.

Clip carrying member 14a is generally a flat plate member, having a slit 143a at an

outside end in the direction of insertion of the cable for receiving a pair of fixed edges 32a
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of clip 3a, and a recess 144a at an opposing inside end in the direction of insertion of the
cable for guiding the lateral side of another pair of fixed edges 32a. On one lateral side of
clip carrying member 14a contacting guide 33a of clip 3a, a recess 145a having the
generally same width as guide 33a is formed. On the other lateral side (i.c., the side near
hinge 141a) of clip carrying member 14a, an opening 146a is formed. Recesses 144a and
146a, corresponding to fixed edges 32a and guide 33a, respectively, have side walls for
guiding edges 32a and guide 33a such that clip 3a may be pushed in the direction
generally perpendicular to the cable, as described below. In addition, clip carrying
member 14b may have the same configuration as clip carrying member 14a, except for a
latch releasing member 142b as described below.

Lever member 13 is generally a flat plate member and has a splice contacting
surface 132 capable of contacting mechanical splice 2 and an operation surface 133
opposed to splice contacting surface 132. The mechanical splice used in this embodiment
is configured to close a core fiber holding member folded in V-shape (not shown)
contained therein by pushing a cap member 21 toward a main body 22, whereby two core
fibers of the cables within the core fiber holding member may be aligned and fixed by
means of an alignment groove (not shown) formed on the inner surface of the core fiber
holding member.

Base 11, cover 12, lever 13 and clip carrying members 14a, 14b may be
individually formed or integrally formed by molding. Clips 3a, 3b may be formed by
using arbitrary material having the required strength, such as a metal or a plastic.

Hereinafter, the procedure for connecting two drop cables using connecting
structure 1 is explained with reference to Figs. 1 to 12. First, as shown in Fig. 1,
mechanical splice 2 is located at generally the center of base 11. Mechanical splice 2 may
be gripped by splice guides 111a, 111b formed in base 11, so as to correctly position the
mechanical splice. Next, as shown in Fig. 2, a drop cable 4a is provided, in which an
optical fiber or a core fiber 41a constituted by silica glass and a UV-coating 42a of the
cable is exposed by predetermined lengths from one end thereof, and a cable holder 44a is
attached at or near the boundary between the UV-coating and a jacket 43a of the cable.
When the cable is processed, a known jacket removing tool and a core fiber (glass fiber)
cutting tool may be used. Cable holder 44a has, as shown in Fig. 2, generally a

rectangular solid shape when attached to cable 4a, with a body portion 441a and a lid
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portion 442a connected to body portion 441a by means of a hinge (not shown). The body
portion has a recess for receiving the drop cable and serrate projections (not shown) on
opposing surfaces of the recess. When the drop cable is inserted into the recess, the
serrate projections bite into jacket 43a of the cable so as to hold the cable. Body portion
441a also has a path (not shown) for the core fiber such that the core fiber exposed from
the end of the jacket of the cable may extend generally along the longitudinal direction of
the cable. Lid portion 442a is closed after insertion of the cable into the recess of body
portion 441a, whereby the separation of drop cable 4a from cable holder 44a may be
avoided.

Drop cable 4b may have the same configuration as drop cable 4a. In this
connection, the term "drop cable” used herein means a cable used for wiring between a
connection box arranged on an electric pole and each home of the user. The drop cable
has a jacket such as PVC or PE containing a core fiber coated by arbitrary resin such as
UV-resin, and one or more high tensile strength material such as FRP or metal. The drop
cable generally has a rectangular cross section in the direction perpendicular to the
longitudinal direction thereof. Generally, in such a drop cable, the jacket and the core
fiber are substantially closely attached or integrally formed with other. Therefore, by
fixing the jacket of the cable, the core fiber may be indirectly fixed. The connecting
structure of the invention may be used for a cable other than the drop cable, as long as a
core fiber and a jacket of the cable are substantially closely attached such that the core
fiber cannot be substantially moved relative to the jacket. Further, even a cable having a
core fiber which is not closely attached to a jacket may be used, if the jacket gripped by a
cable holder is constricted and comes into contact with the core fiber, whereby the core
fiber cannot be substantially moved relative to the jacket. Hereinafter, the term "core
fiber" means a portion of the cable outwardly extending from cable holder 44a or 44b in
Fig. 2, i.e., including core fiber portion 41a and UV-coating portion 42a.

Next, as shown in Fig. 3, first drop cable 4a is positioned in base 11 such that core
fiber 41a of the cable is inserted into mechanical splice 2 in the longitudinal direction of
the cable. At this point, the core fiber extending between the end of mechanical splice 2
and cable holder 44a is generally straight. The front end of core fiber 41a is positioned at
a desired position (generally the center in the longitudinal direction) within mechanical

splice 2. Base 11 has a core fiber guide 112a for guiding and inserting core fiber 41a into
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mechanical splice 2, and a cable holder guide 113a for positioning cable holder 44a.
Cable holder guide 113a has opposing surfaces, the distance of which is generally the
same as or slightly greater than the width of cable holder 44a. Therefore, when cable
holder 44a is moved along guide 113a, core fiber 41a is guided into mechanical splice 2,
whereby the operator is not required to consciously insert the core fiber into a small hole
of the mechanical splice.

Base 11 also has an engaging part or a latch 114a (see Fig. 1) for preventing the
positioned cable holder 44a from moving backward, and a canopy member 115a (see Fig.
1) for preventing the cable holder from moving upward. Latch 114a is a flexible member
and has an end 116a attached to base 11 which is the outside end in the direction of
insertion of the cable, and an opposing end having a protrusion 117a on the upper surface
thereof capable of engaging with cable holder 44a. Canopy member 115a has two
members symmetrically arranged in relation to the longitudinal direction of the base, each
extending upward (or toward a fitting surface between base 11 and cover 12) from the
bottom of base 11 and having a canopy projection extending toward another opposing
member. Cable holder guide 113a, latch 114a and canopy member 115a may be integrally
with base 11, otherwise, may be partially or wholly formed as independent members as
required.

Cable 4a is moved toward base 11 from above such that cable holder 44a is
positioned at the end of base 11. Cable 4a is then moved toward the center of base 11
such that cable holder 44a slides along the bottom of the base. When cable holder 44a
approaches protrusion 117a of latch 114a, cable holder 44a pushes down protrusion 117a
so as to bend latch 114a, whereby cable holder 44a may be further moved toward the
center of the base. The front end of core fiber 41a is guided into an insertion hole of
mechanical splice 2 along an inner slope of core fiber guide 112a, toward the alignment
member (not shown) within the mechanical splice. When cable 4a reaches a
predetermined position, the lowered latch 114a is restored to its original shape by means
of a restoring force thereof, whereby protrusion 117a engages with the rear end of the
cable holder. In this position, as the upper surface of cable holder 44a is under the canopy
projections of canopy member 115a, cable 4a cannot be moved upward from base 11 and

away from mechanical splice 2.

-10-



10

15

20

25

30

WO 2009/111176 PCT/US2009/034497

Then, as shown in Fig. 4, clip carrying member 14a is rotated pivotably mounted to
base 11 by hinge 141a such that clip 3a carried by clip carrying member 14a is positioned
close to cable holder 44a. Next, as shown in Fig. 5, by pushing down clip 3a toward cable
4a, clip 3a may grip cable holder 44a so as to fix cable 4a to base 11. As described above,
as clip 3a has two pairs of opposing fixed edges, each pair grips the side wall of cable
holder 44a between the opposing edges thereof, whereby clip 3a may be integrated with
cable 4a. In this connection, as clip carrying member 14a is positioned between substrate
31a of clip 3a and cable holder 44a, the clip carrying member may be fixed in relation to
the direction of insertion of the cable, by means of the portions of the clip extending
through the recess and the opening of the carrying member. Accordingly, cable 4a may be
fixed to base 11 by means of clip 3a.

When the cable is fixed before the mechanical splice is closed, it may be avoided
that the core fiber in the mechanical splice is unexpectedly deviated from the mechanical
splice and/or an unexpected tension is applied to the connected core fiber. However, the
above fixing operation of cable 4a using clip 3a may be performed after the mechanical
splice is closed. If latch 114a may provide a desired engagement force, it is not necessary
to fix cable holder 44a by clip 3a. Unlike in the case of another cable holder 44b as
described below, cable holder 44a may be fixed at a desired position, whereby the cable
holder may be fixed without using the clip member. On the other hand, cable holder 44b
as described below, the fixed position thereof may somewhat varies depending on the
difference between the cut lengths of the two core fibers. Therefore, in order to fix the
cable holder without generating an excess length of a bend of the core fiber, it is preferable
to use a fixing member such as a clip of the invention. Since the clip of the invention may
be attached to the flat side surface of the cable holder, the clip may be fixed at a desired
position within the flat surface, whereby the above difference between the cut lengths of
the two core fibers may be absorbed by selecting the position of the clip relative to the
cable holder.

Next as shown in Fig. 6, a second drop cable 4b similar to first drop cable 4a (see
Fig. 2) is provided and positioned in base 11 such that a core fiber 41b of cable 4b may be
inserted into the mechanical splice, in the longitudinal direction of the cable, at the
opposing side in the case of core fiber 41a. Base 11 has a core fiber guide 112b for

guiding and inserting core fiber 41b into mechanical splice 2, and a cable holder guide
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113b for positioning a cable holder 44b attached to cable 4b. Therefore, similarly to the
case of cable 4a, the operator can easily insert core fiber 41b into the mechanical splice,
without consciously inserting core fiber 41b into a small hole of mechanical splice 2.

Figs. 7a and 7b are axial cross sections indicating the operation for inserting core
fiber 41b of drop cable 4b into the mechanical splice. First, as shown in Fig. 7a, as core
fiber 41D of cable 4b is inserted into the mechanical splice at the opposing side in the case
of core fiber 41a, the front ends of core fibers 41a and 41b abut each other within
mechanical splice 2. In this state, cable holder 44b of cable 4b does not contact core fiber
guide 112b of base 11.

Then, as shown in Fig. 7b, cable holder 44b is further pushed toward mechanical
splice 2 until the cable holder comes into contact with core fiber guide 112b, whereby core
fiber 41b is bent like a bow having a predetermined length. At this point, base 11 has an
engaging part or a latch 114b (see Fig. 1) for engaging with cable holder 44b and
preventing the cable holder from moving backward. Therefore, by moving cable holder
44b toward mechanical splice 2 until cable holder 44b climbs over latch 114b and a rear
end 443b of the cable holder engages with latch 114b, core fiber 41b is held while
retaining the bow even when the operator release his/her hand from the cable.

In the state of Fig. 7b, within mechanical splice 2, the front end of core fiber 41b
abuts the front end of core fiber 41a which is previously inserted into the mechanical
splice, whereby core fiber 41b may be kept having the bend like a bow. In other words,
the bend of the core fiber is a sign for indicating that the two core fibers abut each other
within the mechanical splice. Base 11 also has a canopy member 115b (see Fig. 1) for
preventing cable holder 44b from moving upward. Therefore, even when the operator
release the hand from the cable in the state of Fig. 7b that cable holder 44b engages with
latch 114b, cable 4b cannot be moved upward from base 11.

Next, as shown in Fig. 8, the operator rotates lever 13 pivotably mounted to base
11 by means of hinge 131, from the state of Fig. 7b, in order to close mechanical splice 2.
Due to this, core fibers 41a and 41b are fixed in the mechanical splice while abutting each
other, whereby the two cables are optically connected. In this embodiment, the
mechanical splice is explained as having a pair of alignment member folded in V-shape
(not shown) which is closed by pushing main body 22 toward cap member 21 and then

grips the optical fibers. However, a mechanical splice may be used in the invention is not
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limited to the above constitution. For example, a mechanical splice including a pair of
alignment member which is gripped by a leaf spring member having generally C-shaped
cross section, may be used. When this type of mechanical splice is used, a wedge member
(not shown) may be arranged on splice contacting surface 132 of lever 13. The wedge
member may be inserted between each alignment member so as to make a gap between
them for receiving fibers. When the fibers are inserted into the mechanical splice, the
lever is rotated so as to insert the wedge member between each alignment member, and
after the fibers are inserted, the lever is reversely rotated away from the mechanical splice
so as to pull out the wedge member and fix the fibers. After the connecting operation of
the fibers is completed, the wedge member may be removed or broken off from the lever,
the lever may be positioned as shown in Fig. 8.

Next, as shown in Fig. 9, clip carrying member 14b pivotably mounted to base 11
by means of hinge 141D is rotated such that clip 3b carried by clip carrying member 14b is
positioned close to cable holder 44b. As shown in Fig. 10, clip carrying holder 14b has an
engagement releasing part or a latch releasing member 142b (see Fig. 1) integrally formed
with the clip carrying member. Latch releasing member 142b, formed as a generally flat
bar member, is arranged at an outside end of clip carrying member 14b in relation to the
direction of insertion of the cable, and extends from the carrying member in the direction
of insertion of clip 3b. In other words, releasing member 142b generally vertically
extends away from clip 3b. When clip carrying member 14b is rotated so as to position
clip 3b close to cable holder 44b, the front end of latch releasing member 142b may push
down latch 114b of base 11 so as to disengage the latch from the cable holder. As latch
114b prevents cable holder 44b from moving backward as described above, by pushing
down latch 114b, cable holder 44b may be moved away from mechanical splice 2 by a
restoring force of the bent core fiber 41b, whereby bent core fiber 14b becomes generally
straight. In this position, as the base has canopy member 115b, cable holder 44b cannot be
moved in the direction other than the longitudinal direction of the cable by disengaging
latch 114b, whereby the workability of this operation cannot be deteriorated.

If the optical fiber has an excess length of bend, a significant optical loss may
occur at the bend, further, the mechanical reliability of the fiber may be deteriorated.
Therefore, the excess length of bend is necessary to surely cleared before the cable is

mechanically fixed. In the connecting structure of the invention, the operation for moving
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the clip or the clip carrying member close to the cable holder is combined with the
operation for releasing the latch, whereby the bend of the core fiber may be surely
eliminated before the fixing operation using the clip, and the connecting work of the cable
may be performed with few man-hours. Also, since the clip is attached to the clip carrying
member, the clip cannot be lost. Further, the clip cannot be an obstacle to the operation.
Still further, the bend of the core fiber does not need to be consciously cleared, since the
bend is automatically cleared. By using such a connecting structure for the FTTH
application, the broken cable may be easily spliced, whereby the cable may be utilized
effectively.

When cable holder 44b is moved by the restoring force of core fiber 41b and the
core fiber becomes generally straight, as shown in Fig. 11, clip 3b carried by clip carrying
member 14b is pushed toward cable holder 44b so as to fix the cable holder to base 11.
Finally, as shown in Fig. 12, cover 12 is rotated and fixed to base 11 such that the cover
and the base cooperatively form a closure having a generally cylindrical shape. The
connecting operation of the drop cables is then completed. In addition, on an inner surface
of cover 12 facing base 11, protrusions 122a, 122b may be arranged configured to push
clips 3a, 3b when cover 12 is rotated toward base 11. Due to this, the operations for
pushing the clips and forming the closure may be performed simultaneously.

A waterproof means such as a packing may be arranged the fitting surface between
base 11 and cover 12. Alternatively or additionally, a waterproof tape or tube such as a
vinyl tape may be arranged to fully cover the closure.

In the above embodiment, when one drop cable (4b) is connected, the cable holder
thereof is once fixed by the latch so as to make the bend of the core fiber of the cable, and
then, the latch is released to allow the cable holder to move backward. However, the
operations for fixing the cable holder by the latch and releasing the latch may be
performed in relation to both cables. In other words, a latch releasing member similar to
latch releasing member 142b may arranged on clip carrying member 14a carrying clip 3a,
and the operation for moving clip 3a close to cable holder 44a may be combined with the
operation for releasing latch 114a. In this case, however, the core fibers of the two drop
cables should be inserted into the mechanical splice generally simultaneously such that the
front ends of the core fibers of the two drop cables are positioned generally the center of

the mechanical splice in relation the longitudinal direction thereof, and a predetermined
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length of bend of the core fiber is formed at each side of the mechanical splice.
Alternatively, after the two core fibers are inserted, the position of each cable may be
adjusted such that the bends of the core fibers at the both sides of the mechanical splice
have generally the same length, whereby the front ends of the core fibers may be
positioned at generally the center of the mechanical splice. Also in this case, the operation
for clearing an excess length of bend of the core fiber is performed.

In the above embodiment, the operation for positioning the clip close to the cable
holder is combined with the operation for releasing the latch. In a second embodiment
explained by using Figs. 13 and 14, the operation for moving a lever to close a mechanical
splice is also substantially combined with the operations for positioning a clip and
releasing a latch.

A connecting structure 1', according to a second embodiment as shown in Figs. 13
and 14, has a base member 11' for receiving two drop cables 4a’, 4b' to be connected, and a
cover member 12' pivotably connected to base member 11' by means of a hinge 121".
Connecting structure 1' also has a closure part or a lever member 13' pivotably connected
to base 11' by means of a hinge 131" such that the lever member may close a mechanical
splice 2' located at generally the center of base 11'. In the second embodiment, clip
carrying members 14a’, 14b', for carrying fixing part or clip members 3a', 3b' for fixing
cable holders 44a’, 44b' attached to drop cables 4a', 4b' to base 11', are integrally formed
with lever 13" at both ends of the lever in the longitudinal direction of the cable. Due to
this, the operation for moving the lever is combined with the operation for positioning the
clip.

Clip carrying members 14a’, 14b' have protrusions 142a', 142b', respectively,
capable of contacting core fiber guides 112a’, 112b' for guiding core fibers 41a', 41b' of
cables 4a', 4b', when lever 13" is moved to the position where the lever closes a mechanical
splice 2. Protrusions 142a', 142b' is positioned between lever 13' and carrying members
14a’, 14b', and extend in the direction generally perpendicular to the longitudinal direction
of the lever. As shown in Fig. 14, core fiber guides 112a’, 112b' are connected to base 11’
by means of connecting portions 1121a' 1121b', respectively, such that the core fiber
guides may be displaced in the direction generally perpendicular to the longitudinal
direction of the cable. Latches 114a', 114b' for preventing cable holders 44a’, 44b' from

moving backward, respectively, are arranged on core fiber guides 112a', 112b' at the ends
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thereof opposing the ends where the connecting portions are arranged. In other words, in
this embodiment, the fixed ends of the latches are closest to the center of the base, and the
core fiber guide and the latch may be integrally displaced.

Next, the function of lever 13" is explained. Also when connecting structure 1' is
used, the operations for inserting the core fiber in the mechanical splice and fixing the
cable holder by using the latch may be performed similarly to the case using connecting
structure 1. Then, lever 13' is rotated relative to base 11" to close mechanical splice 2', in
order to fix core fibers 41a', 41b' while abutting each other within the mechanical splice.
In this state, or in the state in which lever 13' is further pushed toward base 11', protrusions
142a', 142b' of clip carrying members 14a', 14b' push down core fiber guides 112a', 112b',
respectively, whereby latches 114a’, 114b' connected thereto are also displaced downward.
In other words, protrusions 142a' 142b' indirectly displace the latches downward. Due to
this, latches 114a', 114b' disengages from cable holders 44a', 44b', respectively, whereby
the cable holders are moved by the restoring forces of core fibers 41a', 41b' away from
mechanical splice 2' in the longitudinal direction of the cable. By forming the latches
integrally with the core fiber guides, the operation for releasing the latch may be
automatically performed by the lever operation. As a modification of the second
embodiment, the protrusions may be arranged on or near the outer ends of the clip
carrying members. In this case, the protrusions may push down the outer ends of the cable
holder guides or the latches.

Then, clips 3a', 3b' are pushed toward cable holder 44a’, 44b', respectively,
whereby cables 4a', 4b' may be fixed to base 11'. In this embodiment, the lever operation
is combined with the operations for positioning the clips and the releasing the latches.
Therefore, the connecting work of the cable may be performed with few man-hours and
without causing a mistake regarding the work procedure of the operator. Finally, cover 12
is rotated and fixed to base 11', whereby the connecting structure or the closure is
accomplished. In this case, on an inner surface of cover 12' facing base 11, protrusions
(not shown) may be arranged configured to push clips 3a’', 3b' when cover 12’ is rotated
toward base 11'. Due to this, the operations for pushing the clips and forming the closure
may be performed simultancously.

In each embodiment as described above, the two drop cables are connected after

the cable holder is attached to each drop cable. However, the cable holder is not necessary
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when the jacket and the core fiber of the drop cable are integrally formed. For example, as
schematically shown in Fig. 15, by contacting a canopy portion 115 and/or a protrusion
117 or the like with a drop cable 4, the drop cable is inclined relative to the longitudinal
direction of a base (not shown). Accordingly, the cable may be held in the inclined state
by a friction force between the cable and the canopy portion or the protrusion, whereby a
bend of a core fiber 41 of the cable may be retained. Alternatively, the tip of the latch may
be formed with a sharp edge capable of contacting the jacket of the cable in order to hold
the cable.

Alternatively, as shown in Fig. 16, in a pair of cable guide 113 having opposing
surfaces, one or more serrate projections 118 may be arranged on at least one of the
opposing surfaces in order to elastically grip cable 4. In this case, a lower end or an inside
or an outside end of cable guide 113 in relation to the direction of insertion of the core
fiber may act a fulcrum point, whereby the cable guide may beelastically displaced. Then,
when a clip carrying member (not shown) having a releasing member 142 is rotated, the
releasing member may enlarge the distance between the opposing surfaces of cable guide
113, whereby the bend of core fiber 41 may be cleared. In addition, if the cable does not
have the cable holder, the distance between the opposing edges of the clip are determined
such that the edges act on the jacket of the cable.

Fig. 17 is a perspective view of a third embodiment of a connecting structure for
optical cables according to the present invention. A connecting structure 1001 has a base
1011 for receiving two drop cables to be connected, and a cover 1012 configured to
engage with base 1011. In this embodiment, each of base 1011 and cover 1012 has
generally a rectangular box shape and cooperatively form a closure or a case. The
connecting structure 1001 also has a closing part or a lever 1013 pivotably connected to
base 1011 by means of a hinge 1131 such that the lever may close a mechanical splice
1002 located a mechanical splice mounting part 1119 (at generally the center of base 11 in
this embodiment); and cable gripping member or clips 1014a, 1014b for gripping and
fixing drop cables 1003a, 1003b (see Fig. 18) to base 1011. Clips 1014a, 1014b are
pivotably connected to base 1011 by means of hinges 1141a, 1141b, respectively.
Although base 1011, lever 1013 and clips 1014a, 1014b are integrally formed by resin

molding in the embodiment, each member may be individually formed.
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Clip 1014a has a substrate 1142a; a cable gripping part 1143a (a pair of opposing
sawteeth) extending from substrate 1142a in the direction perpendicular to the substrate.
Pair of sawteeth 1143a grips cable 1003a located on a cable supporting part 1111a of base
1011 when clip 1014a is rotated about hinge 1141a (see Fig. 20) in a connecting procedure
below. Clip 1014b may have the same configuration as clip 1014a. In other words, clip
1014b is a member integrally formed with base 1011 and has a substrate 1142b; a cable
gripping part 1143b (a pairs of opposing sawteeth) extending from substrate 1142b in the
direction perpendicular to the substrate. Pair of sawteeth 1143b grips cable 1003b located
on a cable supporting part 1111b of base 1011 when clip 1014b is rotated about hinge
11410 (see Fig. 23) in a connecting procedure below.

Lever 1013 is generally a flat plate member and has a splice contacting surface
1132 (a surface of a groove in the embodiment) capable of contacting mechanical splice
1002 and an operation surface 1133 opposed to splice contacting surface 1132.
Mechanical splice 1002 used in this embodiment is configured to close a core fiber
holding member folded in V-shape (not shown) contained therein by pushing a cap
member 1021 toward a main body 1022, whereby two core fibers of the cables within the
core fiber holding member may be aligned and fixed by means of an alignment groove
(not shown) formed on the inner surface of the core fiber holding member.

Hereinafter, the procedure for connecting two drop cables using connecting
structure 1001 is explained with reference to Figs. 17 to 26. First, as shown in Fig. 17,
mechanical splice 1002 is located in mechanical splice mounting part 1119 generally at the
center of base 1011. Mechanical splice 1002 may be gripped by splice guides 1111a,
1111b formed in base 1011, so as to correctly position the mechanical splice. Next, as
shown in Fig. 18, a drop cable 1003a is provided, in which an optical fiber or a core fiber
1031a constituted by silica glass and a UV-coating 1032a of the cable is exposed by
predetermined lengths from a jacket 1033a of the cable. When the cable is processed, a
known jacket removing tool and a core fiber (glass fiber) cutting tool may be used. A
drop cable 1003b may have the same configuration as drop cable 1003a.

In this connection, the term "drop cable" used herein means a cable used for wiring
between a connection box arranged on an electric pole and each home of the user. The
drop cable has a jacket such as PVC or PE containing a core fiber coated by arbitrary resin

such as UV-resin, and one or more high tensile strength material such as FRP or metal.
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The drop cable generally has a rectangular cross section in the direction perpendicular to
the longitudinal direction thereof. Generally, in such a drop cable, the jacket and the core
fiber are substantially closely attached or integrally formed with other. Therefore, by
fixing the jacket of the cable, the core fiber may be indirectly fixed. The connecting
structure of the invention may be used for a cable other than the drop cable, as long as a
core fiber and a jacket of the cable are substantially closely attached such that the core
fiber cannot be substantially moved relative to the jacket. Further, even a cable, so-called
an optical code, having a core fiber which is not closely attached to a jacket may be used,
if a cable holder is attached to the cable and the jacket gripped by sawteeth is constricted
and comes into contact with the core fiber, whereby the core fiber cannot be substantially
moved relative to the jacket. Hereinafter, the term "core fiber" means a portion of the
cable outwardly extending from jacket 1033a in Fig. 18, i.c., including core fiber portion
1031a and UV-coating portion 1032a.

Next, as shown in Fig. 19, first drop cable 1003a is positioned in base 1011 such
that core fiber 1031a of the cable is inserted into mechanical splice 1002 in the
longitudinal direction of the cable. At this point, core fiber 1031a is generally straight
without a bend portion. The front end of core fiber 1031a is positioned at a desired
position (generally the center in the longitudinal direction) within mechanical splice 1002.
Base 1011 has a core fiber guide 1113a for guiding and inserting core fiber 1031a into
mechanical splice 1002, and a cable holder guide 1114a for positioning jacket 1033a of
cable 1003a. Cable holder guide 1114a has opposing surfaces, the distance of which is
generally the same as or slightly greater than the width of jacket 1033a. Therefore, when
jacket 1033a is moved along guide 1114a, core fiber 1031a is guided into mechanical
splice 1002, whereby the operator is not required to consciously insert the core fiber into a
small hole of the mechanical splice. Base 1011 further has a stopper 1115a configured to
contact the end on jacket 1033a of cable 1003a at a predetermined position in order to
avoid that the positioned cable 1003a is further moved toward the mechanical splice and
the core fiber has an excess length of bend portion.

In the state of Fig. 19, the end of cable 1003a is spaced from stopper 1115a. Due
to this, when the cover is closed (described below), clip or cable gripping part 1143a may
be displaced toward the mechanical splice. Alternatively, the end of cable 1003a may abut
stopper 1115a, whereby the cable may be easily positioned.

-19-



10

15

20

25

30

WO 2009/111176 PCT/US2009/034497

Then, as shown in Fig. 20, clip 1014a pivotably mounted to base 1011 is rotated by
hinge 1141a such that gripping part or pair sawteeth 1143a grips jacket 1033a of cable
1003a, whereby cable 1003a is fixed to base 1011.

Next, as shown in Fig. 21, a second drop cable 1003b (see Fig. 18) similar to drop
cable 1003a is provided and is positioned in base 1011 such that a core fiber 1031b of the
cable is inserted into mechanical splice 1002 in the direction opposed to the insertion
direction of first drop cable 1003a. Base 1011 has a core fiber guide 1113b for guiding
and inserting core fiber 1031b into mechanical splice 1002, and a cable holder guide
1114b for positioning jacket 1033b of cable 1003b. Cable holder guide 1114b has
opposing surfaces, the distance of which is generally the same as or slightly greater than
the width of jacket 1033b. Therefore, when jacket 1033b is moved along guide 1114b,
core fiber 1031Db is guided into mechanical splice 1002, whereby the operator is not
required to consciously insert the core fiber into a small hole of the mechanical splice.
Base 1011 further has a stopper 1115b configured to contact the end on jacket 1033b of
cable 1003b at a predetermined position in order to avoid that the positioned cable 1003b
is further moved toward the mechanical splice and the core fiber has an excess length of
bend portion. As described below, the positions of stoppers 1115a and 1115b in base
1011, in relation to the longitudinal direction of the cable, are determined such that the
core fiber of each cable has a slight length of bend when the front ends of the cables abut
cach other in mechanical splice 1002 and each jacket of the cables contacts each stopper.

In the state of Fig. 21, jacket 1033b of cable 1003b contact stopper 1115b and only
core fiber 1031b has a bend portion. On the other hand, core fiber 1031a of cable 1003a
does not have a bend portion, since the distance between the end of mechanical splice
1002 and jacket 1033a is relatively small and a buckling force is larger than a compression
force in the longitudinal direction of the cable. However, the present invention is not
limited to such a configuration, for example, core fiber 1031a may have a bend portion by
increasing the distance between the end of mechanical splice 1002 and jacket 1033a.

Next, as shown in Fig. 22, the operator rotates lever 1013 pivotably mounted to
base 1011 by means of hinge 1131, from the state of Fig. 21, in order to close mechanical
splice 1002. Due to this, core fibers 1031a and 1031b are fixed in the mechanical splice
while abutting each other, whereby the two cables are optically connected. In this

connection, as shown in Fig. 17, by arranging a projection 1134 on lever 1013 and
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forming a receiving hole 1116 in base 1011 such that projection 1134 may be press-fitted
into hole 1116 in the state of Fig. 22, lever 1013 is not easily returned to the state of Fig.
21 from the state of Fig. 22 due to an external force or the like. Since it is necessary to
vertically push cap 1021 of mechanical splice 1002 into main body 1022, it is preferable
that lever 1013 also vertically approaches mechanical splice 1002. Due to projection 1134
and receiving hole 1116, lever 1013 may be guided such that lever 1013 is not inclined or
offset relative to mechanical splice 1002. Of course, the projection may be arranged on
the base and the receiving hole may be formed in the lever. Alternatively, another
engaging means such as a latch and a latch hole may be arranged on the base and the lever.

In this embodiment, the mechanical splice is explained as having a pair of
alignment member folded in V-shape (not shown) which is closed by pushing cap member
1021 toward main body 1022 and then grips the optical fibers, as shown in Fig. 17.
However, a mechanical splice may be used in the invention is not limited to the above
constitution. For example, a mechanical splice including a pair of alignment member
which is gripped by a leaf spring member having generally C-shaped cross section, may be
used. When this type of mechanical splice is used, a wedge member (not shown) may be
arranged on a splice contacting surface 1132 of lever 1013. The wedge member may be
inserted between each alignment member so as to make a gap between them for receiving
fibers. When the fibers are inserted into the mechanical splice, the lever is rotated so as to
insert the wedge member between each alignment member, and after the fibers are
inserted, the lever is reversely rotated away from the mechanical splice so as to pull out
the wedge member and fix the fibers. After the connecting operation of the fibers is
completed, the wedge member may be removed or broken off from the lever, the lever
may be positioned as shown in Fig. 22.

Then, before cable 1003b is fixed by using clip 1014b, cable 1003b is moved away
from the mechanical splice so as to release the bend portion of core fiber 1031b of cable
1003b. Generally, by a restoring force of the bend portion of the core fiber, the cable
automatically moves away from the mechanical splice when the operator releases his hand
from the cable. From this state, as shown in Fig. 23, clip 1014b pivotably mounted to base
1011 by means of hinge 1141b is rotated such that gripping part or sawteeth 1143b grips
jacket 1033b of cable 1003b. Due to this, cable 1003D is fixed to base 1011.
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Finally, as shown in Fig. 24, cover 1012 is attached to base 1011 such that the
cover and the base cooperatively form a closure having a generally rectangular box shape.
The connecting operation of the drop cables is then completed. In this connection, as
shown in Fig. 23, a latch (two latches 1117a, 1117b in the embodiment) may be arranged
on a suitable peripheral part of base 1011 and a latch hole (two latch holes 1121a, 1121b
in the embodiment) may be formed on a part of cover 1012 corresponding to the latch of
the base, whereby cover 1012 is not unexpectedly separated from base 1011 after
assembling. Of course, the cover may have the latch and the base may have the latch hole.

A waterproof means such as a packing may be arranged the fitting surface between
base 1011 and cover 1012. Alternatively or additionally, a waterproof tape or tube such as
a vinyl tape may be arranged to fully cover the closure.

In this connection, on an inner surface of cover 1012 facing base 1011, a pushing
member may be arranged configured to push clips 1014a, 1014b toward the mechanical
splice mounting part (or the center of the base along the longitudinal direction of the
cable) when cover 1012 is attached to base 1011. Due to this, the core fiber of each cable
may have a predetermined length of bend portion at generally the same time when the
cover forms the closure with the base. In addition, although the pushing member in the
embodiment is a protrusion, the invention is not limited such a configuration.

Figs. 25a to 25¢ explain the procedure regarding Figs. 23 and 24, showing the
cross section of the connecting structure around drop cable 1003b, the cross section being
perpendicular to the longitudinal direction of the cable. First, as shown in Fig. 25a, when
clip 1014b does not fix drop cable 1003b to base 1011, the end of jacket 1033b of cable
1003b does not contact stopper 1115b, whereby a light length of gap is formed between
the end of jacket 1033b and stopper 1115b.

From this state, as shown in Figs. 23 and 25b, clip 1014b is pushed toward base
1011 so as to grip jacket 1033b of cable 1003b. In this connection, the end surface of clip
1014b facing the mechanical splice has a step or uneven portion along the pushing
direction of clip 1014b. In detail, clip 1014b has a convex or taller portion 1144b at the
pushing side (or the lower side in Fig. 25a) thereof and a concave or smaller portion 1145b
at the opposing side (or the upper side in Fig. 25a) thereof. On the other hand, the end
surface of stopper 1115b opposing the mechanical splice has a step or uneven portion

along the pushing direction of clip 1014b. In detail, stopper 1115b has a concave or
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smaller portion 1151b at the pushing side (or the lower side in Fig. 25a) thercof and a
convex or taller portion 1152b at the opposing side (or the upper side in Fig. 25a) thereof.
In other words, the end surface of clip 1014b directed to the mechanical splice and the end
surface of stopper 1115b facing the end surface of clip 1014b have complementary shapes
to each other.

Due to such configurations of the clip and the stopper, as shown in Fig. 25b,
convex portion 1144b of clip 1014b contacts convex portion 1152b of stopper 1115b while
clip 1014b is being pushed toward base 1011. Then, when clip 1014b reaches a
predetermined position, as shown in Fig. 25¢, concave portion 1145b of clip 1014b faces
convex portion 1152b of stopper 1115b, and convex portion 1144b of clip 1014b faces
concave portion 1151b of stopper 1115b. As shown in Fig. 26 which is a partial enlarged
view of Fig. 25c¢, a slight gap "d" (for example, d = 0.1 - 0.5 mm) is formed between the
convex and concave portions facing each other.

Next, as shown in Fig. 25d, cover 1012 is positioned above base 1011, and then, as
shown in Fig. 25¢ and Fig. 27 which is a partial enlarged view of Fig. 25¢, cover 1012 is
attached to base 1011 so as to form a closure (see Fig. 24). In this connection, as shown in
Fig. 25d, the inner surface of cover 1012 has a protrusion (or a pushing member) 1122b
configured to push clip 1014b in the longitudinal direction of the cable toward the
mechanical splice mounting part when cover 1012 is attached to base 1011. In detail,
protrusion 1122b is formed as a slant or round portion contacting a slant or round portion
1146b arranged on the upper surface of clip 1014b when cover 1012 is attached to base
1011. In other words, protrusion 1122b of cover 1012 and slant or round portion 1146b of
clip 1014b cooperatively generate a biasing force for moving clip 1014b toward the
mechanical splice in the longitudinal direction of the cable. In the embodiment, since
hinge 1141b for connecting clip 1014b to base 1011 is a member with a short dimension in
the longitudinal direction of the cable, clip 1014b may be displaced toward the mechanical
splice by the biasing force.

On the other hand, on the side of clip 1014b near the mechanical splice, clip 1014b
and 1115b are separated each other by a slight distance. Therefore, when the closure is
assembled (see Fig. 25¢), clip 1014b gripping cable 1003b is displaced by the distance
toward the mechanical splice. Due to this, core fiber 1031b of cable 1003b may have a

bend portion in response to change of temperature environment of the connecting
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structure, and then the connecting procedure is completed. Further, an optical loss due to
the bend portion is negligible. Therefore, the core fiber of the cable may have a
predetermined length of bend portion generally at the same time when the cover forms the
closure with the base, and further, the operator cannot purposely release or straighten the
bend portion. The bend portion is formed by moving the cable toward the mechanical
splice by a distance which is equal to or larger than a length corresponding to the
difference between amounts of displacement of the base and the optical fiber, by which a
tension is generated in the optical fiber, the difference being calculated by linear
expansion coefficients of the core fiber and the material constituting the base, the distance
between the clip and the fixed position of the core fiber to the mechanical splice, and the
temperature range of the connecting structure during use. Further, the length of the bend
portion does not generate an unacceptable optical loss (for example, 0.2 dB).

In the embodiment of Fig. 25a, slant or round portion 1146b is formed near the end
of clip 1014b opposed to the mechanical splice. However, the slant or round portion may
be arranged on the other part of the clip, in this case, the protrusion of cover 1012 is
positioned at the position corresponding to the position of the slant or round portion. In
addition, the clip may have a protrusion and the inner surface of the cover may have a
protrusion or hole capable of contacting the protrusion of the clip.

The configurations of clip 1014a and cover 1012 near clip 1014b are omitted, since
the configurations may be similar to the configurations explained with reference to Figs.
25a-25¢ (see a protrusion 1122a' of Fig. 28). According to the invention, the connecting
structure may be assembled while both cables have bend portions. Even when the end of
jacket 1033a of cable 1003a contacts stopper 1115a, since the end of the jacket generally
has an uneven surface, the uneven surface may be deformed by contacting stopper 1115a.
Therefore, cable 1003a may be moved by a desired distance toward the mechanical splice,
similarly to the case that the end of jacket 1033a is separated from stopper 1115a. In
addition, in case that core fiber 1031a already has a certain length of bend portion when
the core fiber is fixed by the mechanical splice, it is not necessary to move clip 1014a
toward the mechanical splice.

Fig. 28 shows a fourth embodiment of a connecting structure of the invention. A
connecting structure 1001' according to the fourth embodiment may have a base 1011' and

a cover 1012' similar to base 1011 and cover 1012 of the third embodiment, respectively,
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except that cover 1012' may be pivotably moved relative to base 1011' by means of a
hinge (hinges 1118a’ and 1118b', in the embodiment). Other major elements of the second
embodiment are indicated by the character (') attached to corresponding references of the
third embodiment, and a detailed explanation thereof is omitted. In the fourth
embodiment, the number of parts of the connecting structure may be substantially one,
whereby a maintenance thereof may be easy and the operation for attaching the cover to
the base may be easier.

As shown in Fig. 28, water barriers 1123a' and 1123b' may be arranged on the
inner surface of cover 1012'. Water barriers 1123a' and 1123b' are positioned so as to face
arcas of base 1011' between a stopper 1115a' and a core fiber guide 1113a’, and between a
stopper 1115b" and a core fiber guide 1113b' of base 1011, respectively. Water barriers
1123a’ and 1123b' have slits 1124a'" and 1124b', respectively, each extending in the
direction perpendicular to the longitudinal direction of the core fiber of the drop cable (not
shown) when the connecting structure is assembled. The width of each slit is slightly
larger than the diameter of the core fiber. Due to such a configuration, when rainwater or
the like enters the connecting structure from the ends in the longitudinal direction of the
cable, at least a part of the rainwater flowing along the core fiber may then flow along the
water barrier. Therefore, the amount of rainwater or the like entering the mechanical
splice mounting part may be reduced.

Fig. 29 is an exploded perspective view showing a connecting structure according
to a fifth embodiment of the present invention. A connecting structure 2001 of the fifth
embodiment has a housing 2011 containing two drop cables to be connected, a mechanical
splice 2002 positioned at generally the center of housing 2011, and clip members 2003a,
2003b which serve as fixing parts for fixing cable holders 2044a, 2044b attached to drop
cables 2004a, 2004b (see Fig. 30) to housing 2011, respectively. Although housing 2011
as illustrated has generally a rectangular parallelepiped shape, the housing may have a
cylindrical shape, for example, insofar as the housing may contain the mechanical splice.
Mechanical splice 2002 used in this embodiment is configured to close a core fiber
holding member folded in V-shape (not shown) contained therein by pushing a cap
member 2021 toward a main body 2022, whereby two core fibers of the cables within the
core fiber holding member may be aligned and fixed by means of an alignment groove

(not shown) formed on the inner surface of the core fiber holding member.
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To housing 2011, a closing part or an actuation member 2012 for closing
mechanical splice 2002 is attached. For example, actuation member 2012 is a generally
flat plate extending in the longitudinal direction of housing 2011, and has ends 2121 and
2122 opposing in the longitudinal direction. Actuation member 2012 is attached to
housing 2011 at at least one of ends 2121 and 2122, and has an intermediate portion (for
example, a center portion 2123) between both ends 2121 and 2122 configured to be
displaced toward mechanical splice 2002 and contact the mechanical splice. Actuation
member 2012 is constituted by flexible material at at least the end thereof attached to the
housing. When actuation member 2012 is constituted by flexible material as a whole, cap
2021 of mechanical splice 2002 may be evenly pushed into main body 2022 in a closing
operation of the mechanical splice as described below. Actuation member 2012 may
constitute at least one lateral side of housing 2011, whereby the mechanical splice may be
protected from external force or the like after the optical core fibers are connected in the
mechanical splice.

In order to prevent actuation member 2012 from slipping on mechanical splice
2002 after contacting the mechanical splice during closing operation of the mechanical
splice, center portion 2123 of actuation member 2012 preferably has protrusions 2124 and
2125 on a back side (or a side facing the mechanical splice) thereof. Protrusions 2124 and
2125 may contact two inclined surfaces 2211 and 2212 of cap member 2021 of
mechanical splice 2002, respectively.

Housing 2011 and actuation member 2012 may be separately manufactured and
connected each other, or may be integrally formed by resin molding or the like.

Clips 2003a and 2003b are made individually from housing 2011, by using
arbitrary material having the required strength, such as a metal or a plastic. As clips 2003a
and 2003b, clips 3a and 3b used in the first embodiment as described above may be used.

Hereinafter, the procedure for connecting two drop cables using the connecting
structure 2001 with reference to Figs. 31 to 36. First, as shown in Fig. 31, mechanical
splice 2002 is located at generally the center of housing 2011. Mechanical splice 2002
may be gripped by splice guides (not shown) formed in housing 2011, so as to correctly
position the mechanical splice. Next, as shown in Fig. 30, a drop cable 2004a is provided,
in which an optical fiber or a core fiber 2041a constituted by silica glass and a UV-coating

2042a of the cable is exposed by predetermined lengths from one end thereof, and a cable
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holder 2044a is attached at or near the boundary between the UV-coating and a jacket
2043a of the cable. When the cable is processed, a known jacket removing tool and a core
fiber (glass fiber) cutting tool may be used. Cable holder 2044a has, as shown in Fig. 30,
generally a rectangular solid shape when attached to cable 2004a, with a recess for
receiving the drop cable and serrate projections (not shown) on opposing surfaces of the
recess. When the drop cable is inserted into the recess, the serrate projections bite into
jacket 2043a of the cable so as to hold the cable. A drop cable 2004b as described below
may have the same configuration as drop cable 2004a.

Next, as shown in Fig. 32, first and second drop cables 2004a and 2004b are
positioned in housing 2011 such that the core fibers of the cables are inserted into
mechanical splice 2002 from opposing ends the mechanical splice in the longitudinal
direction of the cable. As shown in Fig. 29, housing 2011 has holder containing parts
2013a and 2013b containing cable holders 2044a and 2044b, respectively, whereby the
cable holder contained in the holder containing part cannot be substantially moved in the
direction other than the axial direction of the cable. Housing 2011 also has guiding parts
(in the drawing, inclined surfaces 2014a and 2014b) guiding core fibers 2041a and 2041b
projecting the cable holders contained in the holder containing parts, whereby the core
fiber of each cable may be smoothly guided into mechanical splice 2002.

As shown in Fig. 30, cable holders 2044a and 2044b of drop cables 2004a and
2004b have protrusions 2441a and 2441b, respectively, and as shown in Fig. 33 showing a
cross-section of Fig. 32, housing 2011 has engaging holes or recesses 2111a and 2111b at
the bottom part thereof, which may engage protrusions 2441a and 2441b, respectively.
Due to this, each cable holder may be retained at a predetermined position in housing 2011
by inclining each cable relative to the longitudinal direction of housing 2011. The
predetermined position is determined so that each of the core fibers has a certain length of
flexure so as to maintain the front ends of the core fibers abut each other in mechanical
splice 2002.

Next, as shown in Fig. 32, the operator pushes actuation member 2012 in the
direction of an arrow 2126 so as to displace the actuation member toward mechanical
splice 2002 and close the mechanical splice. Due to this, cables 2004a and 2004b are
fixed in the state that the core fibers of the cables abut each other in mechanical splice

2002, whereby the cables are optically connected each other.
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Then, as shown in Fig. 35 showing a cross-section of Fig. 34, cable holders 2044a
and 2044b of drop cables 2004a and 2004b are displaced in the direction (upward in Fig.
34) generally perpendicular to the axial direction of the cables, so as to disengage
protrusions 2441a and 2441b from recesses 2111a and 2111b, respectively. At this point,
due to a restoring force of the bent core fiber, each cable holder is displaced away from
mechanical splice 2002. By this displacement of each cable holder, the flexure of each
core fiber is released.

Finally, as shown in Fig. 36, by pushing clips 2003a and 2003b toward housing
2011, clips 2003a and 2003b grip cable holders 2044a and 2044b, respectively, whereby
both cables are fixed to housing 2011. Each clip has two pairs of opposing fixed teeth.
By gripping the sides of each cable holder between the fixed opposing teeth, the clip and
the cable may be substantially integrated, whereby the cable and the housing are
integrated.

In the first and fifth embodiments of the invention, the cable holder may be
displaced toward the mechanical splice when the clip is pushed down, whereby the core
fiber between the cable holder and the mechanical splice has a certain length of flexure.

Fig. 37 is a perspective view showing a connecting structure according to a sixth
embodiment of the present invention. A connecting structure 3001 of the sixth
embodiment has a housing 3011 containing two drop cables to be connected, a mechanical
splice 3002 positioned at generally the center of housing 3011, and clip members 3003a,
3003b for fixing cable holders 3044a, 3044b attached to drop cables 3004a, 3004b (see
Fig. 39) to housing 3011, respectively. Although housing 3011 as illustrated has generally
a rectangular parallelepiped shape, the housing may have a cylindrical shape, for example,
insofar as the housing may contain the mechanical splice. Mechanical splice 3002 used in
this embodiment is configured to close a core fiber holding member folded in V-shape
(not shown) contained therein by pushing a cap member 3021 toward a main body 3022,
whereby two core fibers of the cables within the core fiber holding member may be
aligned and fixed by means of an alignment groove (not shown) formed on the inner
surface of the core fiber holding member.

To housing 3011, a closing part or an actuation member 3012 for closing
mechanical splice 3002 is attached. For example, actuation member 3012 is a generally

flat plate extending in the longitudinal direction of housing 3011, and has ends 3121 and
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3122 opposing in the longitudinal direction. Actuation member 3012 is attached to
housing 3011 at at least one of ends 3121 and 3122, and has an intermediate portion (for
example, a center portion 3123) between both ends 3121 and 3122 configured to be
displaced toward mechanical splice 3002 and contact the mechanical splice. Actuation
member 3012 is constituted by flexible material at at least the end thereof attached to the
housing. When actuation member 3012 is constituted by flexible material as a whole, cap
3021 of mechanical splice 3002 may be evenly pushed into main body 3022 in a closing
operation of the mechanical splice as described below. Actuation member 3012 may
constitute at least one lateral side of housing 3011, whereby the mechanical splice may be
protected from external force or the like after the optical core fibers are connected in the
mechanical splice.

Housing 3011 and actuation member 3012 may be separately manufactured and
connected each other, or, may be integrally formed by resin molding or the like.

Clips 3003a and 3003b are made by using arbitrary material having the required
strength, such as a metal or a plastic. As shown in Fig. 38, clips 3003a and 3003b are
pivotably mounted to housing 3011 by means of fulcrum shafts 3031a and 3031b,
respectively, whereby each clip may be rotated about an axis generally perpendicular to
the longitudinal direction of housing 3011.

Hereinafter, the procedure for connecting two drop cables using the connecting
structure 3001 with reference to Figs. 38 to 42. First, as shown in Fig. 38, mechanical
splice 3002 is located at generally the center of housing 3011. Mechanical splice 3002
may be gripped by splice guides (not shown) formed in housing 3011, so as to correctly
position the mechanical splice. Next, as shown in Fig. 39, a drop cable 3004a is provided,
in which an optical fiber or a core fiber 3041a constituted by silica glass and a UV-coating
3042a of the cable is exposed by predetermined lengths from one end thereof, and a cable
holder 3044a is attached at or near the boundary between the UV-coating and a jacket
3043a of the cable. When the cable is processed, a known jacket removing tool and a core
fiber (glass fiber) cutting tool may be used. Cable holder 3044a has, as shown in Fig. 39,
generally a rectangular solid shape when attached to cable 3004a, with a recess for
receiving the drop cable and serrate projections (not shown) on opposing surfaces of the

recess. When the drop cable is inserted into the recess, the serrate projections bite into
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jacket 3043a of the cable so as to hold the cable. A drop cable 3004b as described below
may have the same configuration as drop cable 3004a.

Next, as shown in Fig. 40, first and second drop cables 3004a and 3004b are
positioned in housing 3011 such that the core fibers the cables are inserted into mechanical
splice 3002 from opposing ends the mechanical splice in the longitudinal direction of the
cable. As shown in Fig. 37, housing 3011 has holder containing parts 3013a and 3013b
containing cable holders 3044a and 3044b, respectively, whereby the cable holder
contained in the holder containing part cannot be substantially moved. At this point, each
holder containing part may have a protrusion (not shown) at the lateral side thereof
capable of engaging the side of the cable holder, in order to prevent the cable holder from
being disadvantageously separated from the holder containing part. Housing 3011 also
has guiding parts (in the drawing, inclined through holes 3014a and 3014b) guiding core
fibers 3041a and 3041b projecting the cable holders contained in the holder containing
parts, whereby the core fiber of each cable may be smoothly guided into mechanical splice
3002. The shape of each holder containing part is determined so that each of the core
fibers has a certain length of flexure so as to maintain the front ends of the core fibers abut
each other in mechanical splice 3002, while the cable holders of the drop cables are
contained in the holder containing parts. As shown in Fig. 37 or 38, each cable holder
may engage protrusion (only a protrusion 3016b is illustrated) formed at the bottom
surface of the holder containing part, whereby the flexure of the core fiber may be
maintained. In this case, the flexure may be maintained even when the operator takes his
hand off the cable.

Next, as shown in Fig. 40, the operator pushes actuation member 3012 in the
direction of an arrow 3124 so as to displace the actuation member toward mechanical
splice 3002 and close the mechanical splice. Due to this, cables 3004a and 3004b are
fixed in the state that the core fibers of the cables abut each other in mechanical splice
3002, whereby the cables are optically connected each other.

Finally, as shown in Fig. 41, by rotating clips 3003a and 3003b toward housing
3011 so as to close holder containing parts 3013a and 3013b, respectively, the cable
holders cannot be removed from housing 3011, whereby both cables are fixed to housing
3011. As shown in Fig. 40, protrusions 3015a and 3015b are formed on the outer side

surfaces covered by the clips, and recesses 3032a and 3032b capable of respectively
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engaging protrusions 3015a and 3015b are formed on the insides of clips 3003a and
3003D, respectively. Due to this, the cable holder is prevented from disadvantageously
being separated from the housing, by the rotation of each clip from the state that the clip
closes the holder containing part (Fig. 41).

In the sixth embodiment, as shown in Fig. 42 showing the cross-section of Fig. 41,
the length of the once formed flexures of core fibers 3041a and 3041b of cables 3004a and
3004b are not changed. Therefore, connecting structure 3001 of the sixth embodiment
may be assembled with few man-hours.

As shown in Figs. 39 and 42, cable holder 3044a has a space or cavity 3441a
extending from the end of jacket 3043a of cable 3004a to the front end of cable holder
3044a. In other words, the boundary position between jacket 3043a of cable 3004a and
core fiber 3041a is away from mechanical splice 3002 than the front end of cable holder
3044a, in the axial direction of the cable. Due to this, the length of the flexure of core
fiber 3041a (i.c., the distance between the end of mechanical splice 3002 and the end of
the cable jacket) may be relatively long, the optical loss of the cable may be reduced by
decreasing the curvature of the core fiber. In addition, as shown in Fig. 39, since cavity
3441a is opened at the upper surface thereof, the length of the flexure of core fiber 3041a
may be longer. In the other embodiments, the flexure of the core fiber is formed outside
the cable holder, on the other hand, in the sixth embodiment, the flexure is formed inside
the cable holder. The same is also applicable to cable holder 3044b.

Regarding the fifth and sixth embodiments, the sealed structure including the cover
and the base as in the first embodiment is not provided, and thus the connecting structure
of the fifth or sixth embodiment is mainly used indoors. However, such a structure may
be compact relative to the first to fourth embodiments, and the connecting operation of the
cables may be completed with relatively few man-hours. In addition, the actuation
member may serve as a protecting member against external force.

The connecting structure of the fifth or sixth embodiment may be contained in a
case if desired. For example, as shown in Fig. 43, connecting structure 3001 of the sixth
embodiment may be contained in a case 3005 constituted by a base 3051 and a cover
3052, whereby the connecting structure may be used outdoors as well as indoors. Cover
3052 is pivotably attached to base 3051 by a hinge 3053, whereby the cover and the base

may cooperatively form a closure.
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Case 3005 may be watertight if desired. For example, a seal member 3511 is
arranged along generally whole circumference of base 3051 of case 3005, on the other
hand, a ridge-shaped pressing member 3521 is formed on a part of cover 3052 facing seal
member 3511 when the closure is formed, whereby pressing member 3521 may compress
seal member 3511 when the closure is assembled. Further, seal members 3522a and
3522b are arranged on parts of cover 3052 facing cables 3004a and 3004b, respectively,
when the closure is formed. Due to this, when cover 3052 is rotated so as to form the
closure cooperatively with base 3051, pressing member 3521 of cover 3052 compress seal
member 3511 of base 3051 and seal members 3522a and 3522b closely contact cables
3004a and 3004b, respectively, whereby the watertight closure is constituted. As the seal
member, elastic resin such as silicone or rubber is preferable. Further, in order to improve
the sealing function, the seal member preferably has adhesive characteristic.

The connecting structure of the fifth embodiment may also be contained in a case
similar to case 3005 as described above.

While the invention has been described with reference to specific embodiments
chosen for the purpose of illustration, it should be apparent that numerous modifications
could be made thereto, by one skilled in the art, without departing from the basic concept

and scope of the invention.
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CLAIMS

1. A connecting structure comprising:

a case containing a mechanical splice configured to connect two
optical fibers of two cables;

an engaging part arranged in the case and configured to engage with
at least one cable such that the at least one cable is not separated from the mechanical
splice by more than a predetermined distance in the longitudinal direction of the at least
one cable;

a releasing part configured to release the engaging part from the at
least one cable;

a clip carrying member configured to carry a clip member for fixing
the cable to the case and move relative to the case such that the clip member may be
positioned close to the cable,

wherein the releasing part is integrally formed with the clip carrying
member and configured to release the engaging part from the at least one cable when the

clip member is positioned close to the cable.

2. The connecting structure according to claim 1, further comprising a lever
member for closing the mechanical splice, the lever member being movably attached to

the case.

3. The connecting structure according to claim 2, wherein the clip carrying

member is integrally formed with the lever member.

4. The connecting structure according to any one of the preceding claims,
wherein the case comprises a base member for receiving the mechanical splice and a cover
member movably attached to the base member so as to constitute a closure cooperatively

with the base member.

5. The connecting structure according to claim 4, wherein the cover member

comprises a protrusion configured to push the clip member toward the cable when the
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cover member is moved toward the base member so as to constitute the closure

cooperatively with the base member.

6. The connecting structure according to any one of the preceding claims,
wherein the predetermined distance is determined such that the optical fiber of the at least
one cable is held while having a predetermined length of a bend between the mechanical

splice and the engaging part.

7. The connecting structure according to any one of the preceding claims,
wherein the engaging part is configured to engage with a cable holder attached to the

cable.

8. A connecting structure comprising:

a case having a mechanical splice mounting part for containing a
mechanical splice configured to connect two optical fibers of two cables;

a clip for gripping and fixing the cable to the case; and

a cover constituting a closure cooperatively with the base,

wherein the cover has a pushing member for contacting at least a
part of the clip gripping the cable and pushing the clip in the direction along the
longitudinal direction of the cable toward the mechanical splice mounting part, when the

cover is attached to the base so as to form the closure.

9. The connecting structure according to claim 8, therein the connecting
structure has two clips and the cover has two pushing members each contacting the two

clips.

10.  The connecting structure according to claim 8 or 9, wherein the pushing

member is a protrusion arranged on a surface of the cover facing the base.

11. The connecting structure according to any one of claims 8 to 10, wherein a
pushing distance of the clip pushed by the pushing member is set such that a tension is not
substantially generated in the optical fiber connected to the mechanical splice due to a

change in temperature.
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12. The connecting structure according to any one of claims 8 to 11, wherein

the clip is connected to the base by means of a hinge.

13. A connecting structure comprising:

a housing containing a mechanical splice configured to connect two
optical fibers of two cables; and

an actuation member for closing the mechanical splice, the
actuation member extending in the longitudinal direction of the housing, wherein at least
one of both ends in the longitudinal direction of the housing of the actuation member is
attached the housing, and an intermediate part of the actuation member between the both
ends is configured to be displaced toward the mechanical splice and contact the

mechanical splice.

14. The connecting structure according to claim 13, wherein the actuation
member constitutes a part of a lateral side of the housing in relation to the longitudinal

direction of the housing.
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