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ABSTRACT

A plug-type optical connector is provided with a ferrule and
an aligning sleeve member. The aligning sleeve member
receives a portion of the ferrule including an abutting end face
inside a bore to prevent staining and damage and uses a
movable shutter to prevent light emitted through the ferrule
from leaking to the outside. The Socket type optical connector
is provided with a ferrule and a holding section. The optical
connector is not provided with an aligning sleeve member and
further can hold a coated optical fiber by a holding section
behind the ferrule by a radius of curvature of at least a pre
scribed minimum radius of curvature. Optical loss in the
coated optical fiber can be reduced while effectively reducing
the external dimensions in the direction of extension of the

ferrule at the time of use. An optical fiber connecting device
that includes a combination of a pair of optical connectors is
also provided to be suitably applied to an optical transmission
line laid indoors.
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OPTICAL CONNECTOR, OPTICAL FIBER
WITH CONNECTOR, OPTICAL FIBER
CONNECTING DEVICE, AND OPTICAL
FIBER CONNECTION METHOD
CROSS REFERENCE TO RELATED
APPLICATIONS

0001. This application is a continuation of U.S. applica
tion Ser. No. 10/897,741, now allowed, filed Jul. 23, 2004,

which claims priority from Japanese Application No. 2003
428071, filed Dec. 24, 2003, the disclosure of which is incor

porated by reference herein in its entirety.
TECHNICAL FIELD

0002 The present invention relates to technology for con
nection of optical fibers. More particularly, the present inven
tion relates to an optical connector having a ferrule, an optical
fiber having an optical connector attached to an end, an opti
cal fiber connecting device comprising a combination of a
pair of optical connectors, and an optical fiber connection
method for interconnecting a pair of optical fibers in a state
with end faces abutting against each other.
BACKGROUND OF THE INVENTION

0003. In technology for connection of optical fibers, there
is known an optical connector equipped with a ferrule secur
ing Supporting an optical fiber from which the coating has
been removed at a predetermined position of the connector
body. A single-fiber ferrule generally is a cylindrical member
formed with a through hole for holding the fiber along its
center axis and provided with an abutting end face at one end
in the axial direction of a centering part having a cylindrical
outer circumference and a fiber holding channel opening at
the abutting end face and securely holding the optical fiber in
the centering part (for example, see Japanese Unexamined
Patent Publication (Kokai) No. 2000-235132). This type of
optical connector forms a connector able to be connected to
and disconnected from an optical transmission line and can be
used attached to an end of an optical transmission-line mem
ber, such as an optical fiber cord or optical fiber cable, includ
ing a coated optical fiber. Note that in this specification, an
“optical fiber cord means a coated optical fiber wound
around with a tension-bearing plastic fiber and formed over
that with a plastic sheath which can be simply used for con
nection between parts in an optical device or between optical
devices. Further, an “optical fiber cable” means a plurality of
coated optical fibers bundled together and housed in a plastic
sheath together with a wire-shaped tension-bearing member
which is used for connection between telephone exchange
offices or between a terminal office and subscribers.

0004. When using an optical connector with a ferrule to
interconnect a pair of coated optical fibers, an aligning sleeve
member is used for coaxially positioning and holding in
alignment the ferrules of the optical connectors attached to
the front ends of the two coated optical fibers in a state with
the abutting end faces abutting against each other. The align
ing sleeve member is provided with a tubular elastic position
ing element called a “slotted sleeve'. This slotted sleeve
contacts the cylindrical outer circumference of the centering
part of the ferrule to be connected and is elastically pushed
wider So as to center and Support the ferrule at a predeter
mined position under this elastic recovery force. Therefore,
by inserting into one slotted sleeve of the aligning sleeve
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member the centering parts of a pair of ferrules holding opti
cal fibers in their fiber holding channels, these centering parts
are aligned coaxially in the axial direction. Further, by mak
ing the abutting end faces of the two ferrules abut by for
example a spring bias force, the pair of coated optical fibers is
connected in a state with the end faces abutting against each
other centered to a high accuracy.
0005. As an optical fiber connecting device using optical
connectors with ferrules and an aligning sleeve member to
connect coated optical fibers, there is known a configuration
using a pair of optical connectors differing in shapes of con
nector bodies, i.e., of the so-called plug (male) type and
Socket (female) type. In this configuration, the body of the
Socket type connector is usually provided with an engage
ment recess for receiving the part around the ferrule of the
body of the plug-type connector. Further, the aligning sleeve
member is set secured or detachably in the engagement recess
of the Socket-type connector body in a state receiving the
ferrule of the Socket-type connector in advance (for example,
see Japanese Unexamined Patent Publication (Kokai) No.
10-11 1434).
0006. In this way, optical fiber connecting devices
employing optical connectors with ferrules are configured
with the pair of ferrules aligned in the axial direction inside
the slotted sleeve of the aligning sleeve member, so the exter
nal dimensions of the devices in the direction of extension of

the ferrule tend to become relatively large. As a result,
depending on the set locations of the optical fiber connecting
devices, sometimes it is necessary to lay the optical fiber
cords (or optical fiber cables) extending from the individual
optical connectors bent large near the optical connectors. At
that time, from the viewpoint of Suppressing optical loss, an
optical connector provided with a guide for restricting the
radius of curvature of the optical fiber cord so that the coated
optical fiber is not bent by a radius smaller than the prescribed
value of the minimum radius of curvature has been proposed
(for example, see Japanese Unexamined Patent Publication
(Kokai) No. 2003-161863).
SUMMARY

0007 According to an aspect of the present invention, a
plug-type optical connector comprises a body and a ferrule
provided in the body and having an abutting end face. The
optical connector comprises an aligning sleeve member pro
vided with a cylindrical bore having openings at opposite
axial ends, the aligning sleeve member receiving in a part of
the bore a certain length of the ferrule adjoining the abutting
end face and being Supported at a predetermined position with
respect to the ferrule. The aligning sleeve member includes a
counterpart connector engagement section projecting in a
plug shape outside the body.
0008 According to another aspect, the aligning sleeve
member includes a movable shutter provided to be passively
displaceable in the bore. The movable shutter is arranged at
such a position that the shutter projects into the bore between
the ferrule received from one of the openings of the bore and
another opening, to block light emitted through the ferrule.
0009. According to another aspect, the aligning sleeve
member is detachably attached to the body.
0010. According to another aspect, an optical fiber
includes a connector and comprises a plug-type optical con
nector as described above and an optical fiber cable contain
ing a coated optical fiber, the ferrule being attached to a distal
end of the coated optical fiber.
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0011. According to another aspect, an optical connector
comprises a body and a ferrule provided in the body and
having an abutting end face. The optical connector comprises
an aligning sleeve member provided with a cylindrical bore
having openings at opposite axial ends, the aligning sleeve
member receiving in a part of the bore a certain length of the
ferrule adjoining the abutting end face and being Supported at
a predetermined position with respect to the ferrule. The
aligning sleeve member includes a movable shutter provided
to be passively displaceable in the bore. The movable shutter
is arranged at Such a position that the shutter projects into the
bore between the ferrule received from one of the openings of
the bore and another opening, to block light emitted through
the ferrule.

0012. According to another aspect, an optical connector
comprises a body and a ferrule provided in the body, the
ferrule having an abutting end face and a fiber holding chan
nel opening in the abutting end face. The optical connector
further comprises a holding section provided in the body to be
spaced from an end face of the ferrule, opposite to the abutting
end face, by a predetermined distance. The ferrule is displace
able in a direction substantially parallel to the fiber holding
channel on the body in Such a state as to be attached to a distal
end of a coated optical fiber. The holding section is provided
with a holding groove extending in a direction inclined with
respect to a direction of extension of the fiber holding channel
of the ferrule and makes the coated optical fiber bend between
the ferrule and the holding groove by a radius of curvature of
at least a predetermined minimum radius of curvature,
regardless of a position of the ferrule on the body.
0013. According to another aspect, the holding section
includes a holding member provided in the body to be mov
able between a functional position, where the holding groove
extends in the direction inclined with respect to the direction
of extension of the fiber holding channel of the ferrule, and a
nonfunctional position, where the holding groove extends in
a direction substantially parallel to the direction of extension
of the fiber holding channel.
0014. According to another aspect, the holding section
further includes an engaging member provided in the body
separately from the holding member, the engaging member
being engaged with an optical transmission line member
received in the holding groove to statically hold the optical
transmission line member in the holding groove when the
holding member is placed at the functional position.
0015. According to another aspect, an optical fiber with a
connector comprises the optical connector as described above
and an optical fiber cable containing a coated optical fiber, the
ferrule being attached to a distal end of the coated optical
fiber.

0016. According to another aspect, an optical fiber con
necting device comprises the plug-type optical connector
described above and the optical connector described above,
being detachably combined with each other.
0017. According to another aspect, an optical connector
comprises a body and a ferrule provided in the body and
having a center axis. The optical connector further comprises
a holding member provided in the body to be spaced from the
ferrule and including a holding groove for receiving an opti
cal transmission-line member. The holding member is mov
able between a first position where the holding groove
extends in a direction inclined with respect to the center axis
of the ferrule and a second position where the holding groove
extends in a direction Substantially parallel to the center axis
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of the ferrule. The holding member makes a coated optical
fiber of the optical transmission-line member bend between
the ferrule and the holding groove by a radius of curvature of
at least a predetermined minimum radius of curvature. An
engaging member is provided in the body separately from the
holding member. The engaging member is engaged with the
optical transmission-line member received in the holding
groove to statically hold the optical transmission-line mem
ber in the holding groove when the holding member is placed
at the first position.
0018. According to another aspect, an optical fiber with a
connector comprises an optical connector with a ferrule and a
coated optical fiber, the ferrule being attached to a distal end
of the coated optical fiber. The ferrule is provided with an
abutting end face and a fiber holding channel opening in the
abutting end face and accommodating an optical fiber of the
coated optical fiber. The coated optical fiber includes a bev
eled area formed adjoining an axial end face of the optical
fiber and extending to be tapered toward the axial end face,
and a free area formed adjoining the beveled area and being
not secured to the fiber holding channel over a range of a
predetermined length from the abutting end face in the fiber
holding channel of the ferrule.
0019. According to another aspect, an optical fiber with a
connector comprises an optical connector with a ferrule and a
coated optical fiber, the ferrule being attached to a distal end
of the coated optical fiber. The ferrule is provided with an
abutting end face and a fiber holding channel opening in the
abutting end face and accommodating an optical fiber of the
coated optical fiber. The coated optical fiber is attached to the
ferrule in Such a manner that an axial end face of the optical
fiber projects outward from the abutting end face of the fer
rule. A free area is provided that is not secured to the fiber
holding channel over a range of a predetermined length from
the abutting end face in the fiber holding channel of the
ferrule.

0020. According to another aspect, an optical fiber con
nection method for interconnecting a pair of optical fibers in
an end abutting state comprises providing a pair of ferrules
respectively including abutting end faces and fiber holding
channels opening at the abutting end faces for accommodat
ing optical fibers. The method further comprises forming a
beveled area extending tapered toward an axial end face
adjoining the axial end face on at least one of the pair of
optical fibers. The method further includes respectively
inserting the pair of optical fibers through the fiber holding
channels of the pair of ferrules to making the axial end face of
at least one of the optical fibers project outward from an
abutting end face of a corresponding ferrule, and providing at
least one of the optical fibers with a free area not secured to the
fiber holding channel over a range of a predetermined length
from the abutting end face in the fiber holding channel of the
corresponding ferrule. The method further includes arranging
the pair of ferrules at aligning positions where the fiber hold
ing channels are straightly aligned with each other, and mak
ing the axial end faces of the pair of optical fibers abut against
each other under pressure.
0021. In recent years, to meet with the demands for higher
speed data communications utilizing the Internet, lead-in
work has been performed to extend and lay optical fiber
cables from public optical fiber networks to individual
homes. In Such lead-in work, generally an optical fiber cable
is laid inside walls of a home using metal pipe and a socket
type optical connector attached to the end of the optical fiber
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cable is arranged in a Switchbox provided at a predetermined
location in the home. Further, the optical terminal used
indoors and the optical connector in the Switchbox are detach
ably connected using an optical fiber cord equipped with a
plug-type optical connector at its front end. Note that when
the optical terminal is equipped with a socket-type optical
connector, an optical fiber cord equipped with plug-type opti
cal connectors at its two ends is used.

0022. This connection technology in optical transmission
lines laid indoors desirably satisfies various requirements
from the perspectives of on-site installation efficiency and
safety. For example, the switchbox and other wiring devices
are generally standardized in dimensions (JIS). With a con
ventional Socket-type optical connector with a built-in align
ing sleeve member, in particular due to the external dimen
sions in the ferrule extension direction, Sometimes it is

difficult to hold the connector with a margin of space in the
switchbox to an extent able to avoid undesirable bending of
the optical fiber cable. Therefore, it has been demanded to
reduce the external dimensions of a socket-type optical con
nector with a ferrule to an extent enabling the connector to be
held in a Switchbox with a margin of space while Suppressing
optical loss in the optical fiber cable.
0023. Further, work for laying the cable to the inside of a
wall is generally performed while selecting the optimum
laying route on-site, so normally the socket-type connector is
attached to the end of the optical fiber cable in the switchbox
after finishing laying the optical fiber cable in the wall. There
fore, a socket-type optical connector is required to have a
Superior installation efficiency enabling Such on-site cable
attachment work to be performed quickly and accurately.
Further, a socket-type optical connector set in a Switchbox
desirably can prevent in advance contact of the hand or depo
sition of dirt on the abutting end face of the ferrule and enable
easy cleaning of the part around the ferrule and simulta
neously is required for safety reasons to prevent light emitted
from the optical fiber through the ferrule from leaking out
from the switchbox. On the other hand, a plug-type optical
connector can be attached to an optical fiber cord in advance
at the factory before shipment, but is more susceptible to
contact by the hand or deposition of dirt than a socket-type
optical connector. Further, there is a danger of light emitted
from the ferrule unintentionally hitting the eye, so there is a
strong demand for the ferrule to have a dirt-proofing function
and light-blocking function.
0024. Also, in an optical fiber connecting system using an
optical connector, it is desirable that, when an external force,
Such as a tensile force, is applied to an optical fiber cable, a
proper optical connection is able to be maintained against
such external force. Particularly, in the socket-type optical
connector often securely arranged in a receptive member Such
as a Switchbox, it has been required to Surely prevent a joint
portion of the optical fiber cable and the optical connector
from being damaged due to the external force Such as a tensile
force.

0025. Further, to suppress connection loss in optical trans
mission lines, it is required to form the end faces of the optical
fibers to be brought into abutment with each other as mirror
Surfaces extending accurately in a perpendicular direction
with respect to the axis and to position the end faces of the
optical fibers accurately at an order of 0.1 mm with respect to
the abutting end faces of the ferrules. However, in such on-site
optical connector attachment work, forming the end faces of
the optical fibers as Such high accuracy perpendicular mirror
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Surfaces or such high accuracy positioning is normally diffi
cult. Therefore, the technology for connection of optical
fibers suitably applied to optical transmission lines laid
indoors desirably can Suppress as much as possible the con
nection loss without requiring the formation of perpendicular
mirror surface-like end faces at the optical fibers or high
accuracy positioning of the end faces. Further, no technology
for connection of optical fibers satisfying all of the various
requirements as listed above has been realized in the past.
0026. It is an object of the present invention to provide an
optical connector having a ferrule, in which it is possible to
effectively reduce the outside dimensions in the direction of
extension of the ferrule and which has superior on-site instal
lation efficiency and safety.
0027. It is another object of the present invention to pro
vide an optical connector having a ferrule, which has a Supe
rior dirt-proofing function and light-blocking function.
0028. It is a further object of the present invention to
provide an optical connector having a ferrule, which is able to
maintain a proper optical connection against an external
force. Such as a tensile force, applied to an optical transmis
Sion-line member.

0029. It is a further object of the present invention to
provide an optical fiber with a connector, including an optical
connector attached at a distal end, which is able to effectively
reduce the outside dimension in the direction of extension of

the ferrule of the optical connector, and which has superior
on-site installation efficiency and safety in association with
the optical connector.
0030. It is a further object of the present invention to
provide an optical fiber with a connector, including an optical
connector attached at a distal end, which has a Superior dirt
proofing function and light-blocking function in association
with the optical connector.
0031. It is a further object of the present invention to
provide an optical fiber connecting device comprised of a
combination of a pair of optical connectors, which can be
Suitably used for an optical transmission line laid indoors.
0032. It is a further object of the present invention to
provide an optical fiber connection method for interconnect
ing a pair of optical fibers in an end abutting state, which
enables maximum suppression of connection loss while con
necting optical fibers with each other, even in the case of
connector attachment work at construction sites, without

requiring the formation of perpendicular mirror Surface-like
end faces at the optical fibers or high accuracy positioning of
the end faces.

0033 According to the invention aspects set forth above,
the plug-type optical connector is equipped with an aligning
sleeve member receiving in its bore the part of the ferrule set
in the body including the abutting end face, so it is possible to
prevent in advance contact by the hand or deposition of dirt on
particularly the abutting end face of the ferrule. Further, by
engaging the other connector engagement section of the
aligning sleeve member with the connector to be connected
with, it is possible to eliminate the aligning sleeve member
from the other connector. This contributes to a reduction in
the external dimensions of the other connector.

0034. According to further invention aspects set forth
above, while the optical connector is not connected with the
other optical connector in the state attached to the coated
optical fiber, light emitted through the ferrule leaking out
ward from the aligning sleeve member is reliably prevented
by the movable shutter. The movable shutter is set in the bore

US 2009/008O839 A1

of the aligning sleeve member, so there is no danger of the
movable shutter being unintentionally operated. Further,
since the aligning sleeve member Supported by the ferrule is
provided with a movable shutter, regardless of the external
shape of the optical connector, a light-blocking function can
be easily imparted.
0035. According to further invention aspects set forth
above, by detaching the aligning sleeve member from the
body, the area around the ferrule can be easily cleaned.
0036. According to further invention aspects set forth
above, an optical fiber with a connector having a Superior
dirt-proofing function and light-blocking function at the opti
cal connector is obtained. This optical fiber with a connector
can exhibit a high degree of safety and contribute to the
construction of an optical transmission line with a high sta
bility and reliability.
0037 According to further invention aspects set forth
above, the aligning sleeve member prevents in advance con
tact by the hand or deposition of dirt in particular at the
abutting end face of the ferrule and the movable shutter reli
ably prevents light emitted through the ferrule leaking to the
outside from the aligning sleeve member.
0038 According to further invention aspects set forth
above, no aligning sleeve member holding the ferrule is pro
vided and further the coated optical fiber to be attached to can
be held behind the ferrule by bending it by a radius of curva
ture of at least the predetermined minimum radius of curva
ture, so it is possible to effectively reduce the external dimen
sions in the direction of extension of the ferrule at the time of

use while Suppressing optical loss in the coated optical fiber.
This bending of the coated optical fiber is based on the incli
nation angle of the holding groove and the distance between
the holding groove and ferrule, so even when performing
work for attaching the connector to an optical fiber cable at
the work site for example, the optical connector can be
attached to the coated optical fiber quickly and accurately.
Further, the coated optical fiber extending bent between the
ferrule and holding groove at the time of use can be bent
slightly in a range not reaching a radius Smaller than the
prescribed minimum radius of curvature when the ferrule is
displaced to the axial direction when connecting the optical
connector with the opposing optical connector, so a connec
tion with little optical loss can be stably formed. Further, a
configuration of the optical connector not provided with an
aligning sleeve member is also effective in facilitating clean
ing of the area around the ferrule.
0039. According to further invention aspects set forth
above, there is no unintentional concentration of twisting or
tension or other stress at the coated optical fiber along with
movement of the holding member from the nonfunctional
position to the functional position and the coated optical fiber
can be bent to a predetermined radius of curvature, so the
on-site connector attachment work becomes remarkably
CaS1.

0040. According to further invention aspects set forth
above, the engaging member provided in the body statically
holds the optical cable including the coated optical fiber bent
to a predetermined radius of curvature by the holding member
located at the functional position against an external force
Such as a tensile force, so as to maintain a proper optical
connection.

0041 According to further invention aspects set forth
above, an optical fiber with a connector having an effect of
reduction of the external dimensions of the optical connector
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and a Superior on-site installation efficiency and safety is
obtained. This optical fiber with a connector can be particu
larly suitably used as an optical fiber cable laid using metal
pipe inside the wall of a home in lead-in work for extending
and laying an optical fiber cable from for example a public
optical fiber network to individual homes. In this application,
the optical connector can be held with a Sufficient margin of
space in a Switchbox provided at a desired position indoors
while Suppressing the optical loss in the optical fiber cable.
0042. According to further invention aspects set forth
above, an optical fiber connecting device able to be particu
larly suitably applied to an optical transmission line laid
indoors is obtained.

0043. According to further invention aspects set forth
above, in the optical cable with the ferrule, the engaging
member provided in the body statically holds the optical
transmission-line member including the coated optical fiber
bent to a predetermined radius of curvature by the holding
member located at the first position against an external force
Such as a tensile force, so as to maintain a proper optical
connection.

0044 According to further invention aspects set forth
above, even without forming the axial end face of the optical
fiberas a perpendicular mirror Surface, it is possible to reduce
as much as possible the gap from the axial end face of the
optical fiber to be connected to by the relief action of the
beveled area to forman optical fiberconnection Suppressed in
connection loss.

0045. According to further invention aspects set forth
above, even without positioning the axial end face of the
coated optical fiber with a high accuracy with respect to the
abutting end face of the ferrule, it is possible to make the axial
end face projecting out from the abutting end face into reli
able abutment with the axial direction end face of the coated

optical fiber to be connected to so as to form an optical fiber
connection Suppressed in connection loss.
0046 According to further invention aspects set forth
above, even when performing connector attachment work on
a construction site, it is possible to Suppress as much as
possible the connection loss while connecting the coated
optical fibers without forming perpendicular mirror Surface
like end faces at the coated optical fibers or requiring high
accuracy position of the end faces.
BRIEF DESCRIPTION OF THE DRAWINGS

0047 FIG. 1 is a perspective view of an optical connector
according to an embodiment of the present invention.
0048 FIG. 2 is a disassembled perspective view of an
optical connector of FIG. 1.
0049 FIG. 3 is a perspective view of an optical fiber with
a connector according to an embodiment of the present inven
tion having the optical connector of FIG. 1.
0050 FIG. 4 shows vertical sectional views of an optical
fiber with a connector of FIG. 3, wherein (a) shows the state
with an aligning sleeve member attached and (b) shows the
state with the aligning sleeve member detached.
0051 FIG. 5 is a perspective view of an optical connector
according to another embodiment of the present invention.
0.052 FIG. 6 is a vertical sectional perspective view of the
optical connector of FIG. 5.
0053 FIG. 7 is a perspective view of an optical fiber with
a connector according to another embodiment of the present
invention having the optical connector of FIG. 5.
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0054 FIG. 8 is a vertical sectional perspective view of an
optical fiber with a connector of FIG. 7.
0055 FIG. 9 is a perspective view of an optical fiber con
necting device according to an embodiment of the present
invention provided with the optical connector of FIG. 1 and
FIG.S.

0056 FIG. 10 is a vertical sectional perspective view of
the time of use of the optical fiber connecting device of FIG.
9.

0057 FIG. 11 shows views of a ferrule attached to the
optical connector of FIG. 1, wherein (a) is a perspective view
and (b) is a vertical sectional view.
0058 FIG. 12 shows views of an aligning sleeve member
attached to the optical connector of FIG. 1, wherein (a) is a
perspective view and (b) is a vertical sectional perspective
view.

0059 FIG. 13 shows (a) a perspective view of a slotted
sleeve and movable shutter of the aligning sleeve member of
FIG. 12 and (b) a vertical sectional perspective view of a
sleeve holding section.
0060 FIG. 14 shows (a) a view of an optical fiber cord of
an optical fiber with a connector of FIG.3 and (b) a view of an
optical fiber cable of an optical fiber with a connector of FIG.
7.

0061 FIG. 15 shows views of a fiber securing member and
actuating member attached to the optical connector of FIG. 5,
wherein (a) is a perspective view and (b) is a front view.
0062 FIG.16 shows explanatory views of the operation of
the holding section attached to the optical connector of FIG.
5, wherein (a) shows a functional position and (b) shows a
nonfunctional position.
0063 FIG. 17 shows views of an adapter able to be used
for the optical fiber connecting device of FIG.9, wherein (a)
is a perspective view and (b) is a vertical sectional perspective
view.

0064 FIG. 18 is a perspective view showing the optical
fiber connecting device of FIG. 9 in the state attached to a
lower adapter member.
0065 FIG. 19 is a vertical sectional perspective view
showing the optical fiber connecting device of FIG. 9 in the
state attached to an adapter member of FIG. 17.
0066 FIG. 20 shows vertical sectional views showing a
pair of optical fibers together with a ferrule to which the
optical fiber connection method according to the present
invention is applied, wherein (a) show the state before con
nection and (b) the state after connection.
0067 FIG. 21 shows vertical sectional views showing
pairs of optical fibers in a state after connection, wherein (a)
shows the optical fibers of FIG. 20 and (b) shows the optical
fibers of a comparative example.
0068 FIG. 22 is a perspective view showing the optical
connector of FIG. 5, including a modified holding section, at
a functional position.
0069 FIG. 23 is a perspective view showing the optical
connector of FIG. 22 in a nonfunctional position.
0070 FIG. 24 is an end view showing the optical connec
tor of FIG. 22 from an arrow XXIV.
DETAILED DESCRIPTION

0071 Below, embodiments of the present invention will
be explained in detail with reference to the attached drawings.
Throughout the drawings, corresponding components are
assigned common reference numerals.
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0072 FIG. 1 and FIG. 2 are views showing a plug-type
optical connector 10 according to an embodiment of the
present invention, FIG. 3 and FIG. 4 are views showing an
optical fiber 12 according to an embodiment of the present
invention provided with an optical connector, FIG.5 and FIG.
6 are views of a socket-type optical connector 14 according to
another embodiment of the present invention, FIG. 7 and FIG.
8 are views showing an optical fiber 16 according to another
embodiment of the present invention provided with an optical
connector 14, and FIG.9 and FIG. 10 are views of an optical
fiber connecting device 18 according to an embodiment of the
present invention provided with a plug-type optical connector
10 and a socket-type optical connector 14. The optical con
nector 10 and 14 and the optical fiber connecting device 18
can connect the optical fibers of a pair of coated optical fibers
from which the coatings have been removed in a state with the
front end faces made to abut against each other coaxially.
0073. As shown in FIG. 1 to FIG. 4, the plug-type optical
connector 10 according to an embodiment of the present
invention is used attached to an end of an optical transmission
line member including a coated optical fiberand is comprised
of a body 20, a ferrule 22 to be set secured at a predetermined
position of the body 20, and an aligning sleeve member 24
Supported at a predetermined position with respect to the
ferrule 22 on the body 20. The body 20 is provided with a
hollow cylindrical plug housing 26 securely supporting the
ferrule 22 and a hollow cylindrical boot 28 securely coupled
to the plug housing 26 adjoining it in the axial direction. The
plug housing 26 and boot 28 can be produced from a suitable
plastic material.
0074 The plug housing 26 of the body 20 is provided
integrally with a substantially cylindrical first part 30 open at
one end in the axial direction and a substantially cylindrical
second part 32 open at the other end in the axial direction. The
first part 30 defines a first recess 30a by its cylindrical inner
circumference, while the second part 32 defines a second
recess 32a by its cylindrical inner circumference. The first
recess 30a and the second recess 32a have formed between

them integrally with the first and second parts 30 and 32 a
ring-shaped wall 34 having a center through hole communi
cating the two. The center through hole of the ring-shaped
wall 34 includes a large diameter cylindrical insertion hole
34a at the first recess 30a side, a guide groove 34b expanding
frustoconically at the second recess 32a side, and a small
diameter cylindrical through hole 34c communicating the
insertion hole 34a and guide groove 34b. The first recess 30a,
second recess 32a, insertion hole 34a, guide groove 34b, and
through hole 34c are aligned coaxially with each other.
(0075. The first part 30 of the plug housing 26 is formed
with a pair of engagement holes 36 at facing positions in the
diametrical direction near the open end 30b. The engagement
holes 36 and open end 30b are provided between them with a
guide face 36a adjoining the inner circumference of the first
part 30. The first part 30 of the plug housing 26 further has a
crank-shaped latch lever 38 having a base end 38a formed
integrally adjoining the open end 30, having a length reaching
the second part 32 at the outside of the plug housing 26, and
extending in a cantilever fashion. The latch lever 38 bends
elastically about the base end 38a to be able to move back and
forth on the first part 30 in a direction approaching and mov
ing away from the plug housing 26. The approximate center
of the latch lever 38 in the longitudinal direction is formed at
its two side edges with a pair of engagement recesses 38b.
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0076. The boot 28 of the body 20 is integrally provided
with a substantially cylindrical first part 40 open at one end in
the axial direction and a substantially cylindrical second part
42 open at the other end in the axial direction. The first part 40
defines a first recess 40a by its cylindrical inner circumfer
ence, while the second part 42 defines a second recess 42a by
its cylindrical inner circumference. The first recess 40a and
the second recess 42a are communicated coaxially through a
slight step difference. The first part 40 of the boot 28 securely
holds the first recess 40a and the second part 32 of the plug
housing 26 by press-fitting or adhesion. The second part 42 of
the boot 28 has flexibility for being relatively easily bent by
external force while maintaining a state of communication of
the second recess 42a with the second recess 32a of the

second part 32 of the plug housing 26 held in the first recess
40a. The second part 42 of the boot 28 is provided inside it
with a flexible wire 44 for holding any bent shape.
0077. The ferrule 22 of the optical connector 10, as shown
alone in FIG. 11, is a cylindrical member formed with one
through hole for holding a fiber along its center axis 22a.
Overall, it functions as a single-fiber centering part having a
cylindrical outer circumference 22b. The ferrule 22 is pro
vided with an abutting end face 46 at one end in the axial
direction extending flat substantially perpendicularly with the
center axis 22a and a fiber holding channel 48 opening at the
center of the abutting end face and extending straight along
the center axis 22a. The abutting end face 46 is communicated
with a cylindrical outer circumference 22b through a tapered
surface 22c. The fiber holding channel 48 is expanded by a
tapered guide face 48a at the opposite side to the abutting end
face 46 and opens at a ring-shaped end face 22d at the other
end in the axial direction.

0078. The ferrule 22 is secured to the insertion hole 34a of
the ring-shaped wall 34 of the plug housing 26 at the part near
the ring-shaped end face 22d by press-fitting or adhesion. In
this state, the main length part of the ferrule 22 is arranged
substantially coaxially with a clearance in the first recess 30a
of the first part 30 of the plug housing 26. Further, the abutting
end face 46 of the ferrule 22 is positioned projecting out
slightly from the open end 30b of the first part 30 of the plug
housing 26. Note that the ferrule 22 can be made from
ceramic, plastic, metal, etc.
007.9 The aligning sleeve member 24 of the optical con
nector 10, as shown in FIG. 12 and FIG. 13, is provided with
a hollow cylindrical slotted sleeve 50, a hollow cylindrical
sleeve holder 52 holding the slotted sleeve 50, and a movable
shutter 54 supported by the sleeve holder 52 and extending
into the slotted sleeve 50. The slotted sleeve 50 of the aligning
sleeve member 24 is comprised of a metal sheet or other
elastic sheet member bent in a cylindrical shape, has a uni
form inner circumference 50b and outer circumference 50c at

the entire part defining the center axis 50a, and has a slit 56
extending across the entire length in the axial direction at one
location in the peripheral direction of the inner and outer
circumferences 50b and 50c. The slotted sleeve 50 can be

uniformly expanded and contracted in inside diameter of the
bore 58 defined by the inner circumference 50b under its own
elastic recovery force.
0080. The sleeve holder 52 of the aligning sleeve member
24 is provided with a substantially cylindrical first part open
at one end in the axial direction and a Substantially cylindrical
second part 62 open at the other end in the axial direction. The
first part 60 defines a first recess 60a by its cylindrical inner
circumference, while the second part 62 defines a second
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recess 62a by its cylindrical inner circumference. The first
recess 60a and second recess 62a have the same inside diam

eter and are communicated with each other without any step
difference. The first part 60 of the sleeve holder 52, as
explained later, functions as an counterpart connector
engagement section projecting out in a plug shape at the
outside of the body 20 and complementarily engaging with
the Socket-shaped engagement section of the counterpart con
nector at the time of connection of the optical connector 10
and its counterpart connector (for example, the optical con
nector 14).
I0081. The first part 60 of the sleeve holder 52 has a ring
shaped ridge 64 having a tapered guide face 64a adjoining its
open end 60b. A ring-shaped flange 66 is provided projecting
outward in the diametrical direction at a position away from
the open end 60b. Similarly, the second part 62 has a ring
shaped ridge 68 having a tapered guide face 68a adjoining its
open end 62b provided projecting inward in the diametrical
direction. A ring-shaped flange 70 is provided projecting
outward in the diametrical direction at a position away from
the open end 62b. In the illustrated embodiment, the first part
60 and the second part 62 are made as separate members and
are combined in a positional relationship where the ring
shaped flanges 66 and 70 are made to adjoin each other.
I0082. The second part 62 of the sleeve holder 52 further
has a pair of engagement pieces 72 having integrally formed
base ends 72a at facing positions in the diametrical direction
on the ring-shaped flange 70 and extending in a cantilever
fashion along the outer circumference of the second part 62.
The engagement pieces 72 can elastically bendabout the base
ends 72a So as to move back and forth in directions approach
ing and moving away from the sleeve holder 52 on the second
part 62. The approximate centers of the engagement pieces 72
in the longitudinal direction are formed at their outside sur
faces with engagement projections 72b. The sleeve holder 52
holds the slotted sleeve 50 in the no-load state in the first and

second recesses 60a and 62a of the first and second parts 60
and 62 with suitable clearance. At this time the slotted sleeve

50 is held by the ring-shaped ridges 64 and 68 of the first and
second parts 60 and 62 so as not to detach from the first and
second recesses 60a and 62a. Note that the sleeve holder 52

can be made from a suitable plastic material.
I0083. The movable shutter 54 of the aligning sleeve mem
ber 24 is comprised of a metal sheet or other elastic sheet
member bent into an approximate J-shape and has a Support
part 54a extending straight and an arm part 54b extending
bent somewhat shorter than the support part 54a. The mov
able shutter 54 has an attachment piece 54c formed at an end
of the support part 54a and securely gripped between the first
part 60 and second part 62 of the sleeve holder 52. It is
supported in a cantilever fashion at the sleeve holder 52 in the
state with the support part 54a extended in the axial direction
along the inner circumference of the first part 60. In this state,
the arm part 54b of the movable shutter 54 passes through the
slit 56 of the slotted sleeve 50 to extend into the bore 58. The

end 54d is arranged at a position Superposed over the center
axis 50a of the slotted sleeve 50. The arm part 54b of the
movable shutter 54 can elastically bend about the location
connected with the support part 54a to move back and forth in
directions approaching and moving away from the slit 56 of
the slotted sleeve 50. That is, the arm part 54b of the movable
shutter 54 is set passively displaceable at the bore 58 of the
slotted sleeve 50.
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0084. The aligning sleeve member 24 is detachably
attached to the body 20 by the second part 62 of the sleeve
holder 52 being held in the first part 30 of the plug housing 26
of the body 20. At this time, as the second part 62 of the sleeve
holder 52 is inserted into the first recess 30a of the first part 30
of the plug housing 26, the pair of engagement pieces 72 of
the sleeve holder 52 are pressed by the corresponding guide
walls 36a of the first part 30 and bent inward in the diametrical
direction. Finally, the engagement projections 72b of the
engagement pieces 72 are Snapped into the corresponding
engagement holes 36 of the first part 30. Along with this, the
main length part of the ferrule 22 secured to the plug housing
26 passes through the open end 62b of the second part 62 of
the sleeve holder 52 and is inserted into the bore 58 of the

slotted sleeve 50. As a result, the aligning sleeve member 24
is arranged at a suitable position on the plug housing 26 of the
body 20.
0085. In the state with the aligning sleeve member 24
arranged at a suitable position with respect to the body 20,
part of the bore 58 of the slotted sleeve 50 of a length sub
stantially corresponding to the second recess 62a of the sleeve
holder 52 holds any length of the ferrule 22 adjoining the
abutting end face 46. In this state, the slotted sleeve 50 con
tacts the cylindrical outer circumference 22b of the ferrule 22
and is elastically pushed open slightly. The ferrule 22 is
centered and Supported at a predetermined position by its
elastic recovery force. That is, in this state, the center axis 22a
of the ferrule 22 is arranged securely precisely matched with
the center axis 50a of the slotted sleeve 50 and the slotted

sleeve 50 is supported at a predetermined centering position
with respect to the ferrule 22.
I0086. Further, in this suitable attachment position, the
movable shutter 54 of the aligning sleeve member 24 is
arranged with the end 54d of the arm part 54b moved away
from the abutting end face 46 of the ferrule 22 and superposed
on the center axis 22a in the front in the axial direction of the

opening of the fiber holding channel 48. Therefore, the mov
able shutter 54 can block light emitted through the ferrule 22
from reaching the position of the open end 60b by the arm part
54b projecting out into the bore 58 of the slotted sleeve 50
between the abutting end face 46 of the ferrule 22 and the
open end 60b of the first part 60 of the sleeve holder 52.
0087. When detaching the aligning sleeve member 24
from the body 20, the engagement projections 72b of the two
engagement pieces 72 of the sleeve holder 52 are forcibly
pushed into the engagement holes 36 from the outside of the
first part 30 of the plug housing 26 to disengage the Snap
engagement between the engagement projections 72b and the
engagement holes 36. In this state, by pulling out the aligning
sleeve member 24 from the plug housing 26, the slotted sleeve
50 detaches from the ferrule 22 and the aligning sleeve mem
ber 24 is detached from the body 20. Note that the snap
engagement of the engagement projection 72b and engage
ment hole 36 for securely setting the aligning sleeve member
24 on the body 20 is advantageous in that it can be disengaged
manually without using a special tool, but it is desirable that
the aligning sleeve member 24 have enoughofareliability not
to unintentionally detach from the body 20 at the time of
connection/disconnection of the optical connector 10 and
counterpart connector (for example, the optical connector
14).
0088. The above plug-type optical connector 10 can be
attached to an end of an optical fiber cord 82 including a
coated optical fiber 80 in a state with the aligning sleeve
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member 24 attached to the body 20 so as to form an optical
fiber 12 with a connector (FIG. 3 and FIG. 4). Here, the
optical fiber cord 82 is end-treated in advance, as shown in
FIG. 14(a), by removing the plastic sheath 84 and tension
bearing member (not shown) from a desired length of the end
to expose the coated optical fiber 80, by removing the coating
86 from a desired length of the front end of the coated optical
fiber 80 to expose the optical fiber 88, and cutting the exposed
optical fiber 88 by a special cutting tool into at least a length
substantially corresponding to the fiber holding channel 48 of
the ferrule 22.

I0089. The thus end-treated optical fiber cord 82 is inserted
into the boot 28 of the body 20 of the optical connector 10,
whereby the optical fiber 88 exposed at the end passes
through the guide groove 34b and through hole 34c of the
ring-shaped wall 34 of the plug housing 26 and is passed from
the guide face 48a of the ferrule 22 set securely in the first
recess 30a into the fiber holding channel 48. Further, at the
point of time when the axial end face 88a of the optical fiber
88 reaches a predetermined position adjoining the abutting
end face 46 of the ferrule 22, for example, at least one of the
optical fiber 88 and the coating 86 of the coated optical fiber
80 is secured by an adhesive to at least one of the ferrule 22
and plug housing 26 (through hole 34c), and the sheath 84 of
the optical fiber cord 82 is secured by an adhesive to the
second recess 32a of the plug housing 26. In this way, the end
of the optical fiber cord 82 is fit with an optical connector 10,
whereby the optical fiber 12 with a connector is completed.
0090 The optical connector 10 having the above configu
ration is equipped with an aligning sleeve member 24 holding
in the bore 58 a part of the ferrule 22 set in the body 20
including the abutting end face 48, so it is possible to prevent
in advance contact by the hand and deposition of dirt on the
abutting end face 48 of the ferrule 22. The aligning sleeve
member 24 can be attached to and detached from the body 20,
So when not cleaning the area Surrounding the ferrule 22,
cleaning is easy by detaching the aligning sleeve member 24
from the body 20. Note that these actions and effects are
exhibited even when the movable shutter 54 is not provided.
0091. Further, according to the optical connector 10, the
aligning sleeve member 24 includes the movable shutter 54,
so while the optical connector 10 is not connected with the
other optical connector in the state attached to the coated
optical fiber 80, light emitted from the optical fiber 88 through
the ferrule leaking outward from the open end 30b of the plug
housing 26 is reliably prevented by the movable shutter 54.
The movable shutter 54 is set in the bore 58 of the aligning
sleeve member 24, so there is no danger of unintentional
operation of the movable shutter 54. Further, since the align
ing sleeve member 24 supported at the ferrule 22 is provided
with the movable shutter 54, it is possible to easily impart a
light-blocking function regardless of the external shape of the
optical connector. In this way, the optical connector 10 has a
Superior dirt-proofing function and light-blocking function.
0092. Further, the optical fiber 12 with a connector having
the above configuration has a Superior dirt-proofing function
and light-blocking function in the optical connector 10.
Therefore, the optical fiber 12 with a connector can exhibit a
high degree of safety and contribute to the construction of an
optical transmission line with a high safety and reliability for
even users poor in knowledge and skill such as general
homes. Note that the optical connector 10 can be provided
with a plurality offerrules 22 and a plurality of aligning sleeve
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members 24 corresponding to the ferrules 22 so as to con
struct a multi-fiber optical connector.
0093. As shown in FIG.5 to FIG.8, the socket-type optical
connector 14 according to another embodiment of the present
invention is used attached to an end of an optical transmission
line member including a coated optical fiberand is comprised
ofa body 90, a ferrule 92 set at a predetermined position of the
body 90, and a holding section 94 for securely holding the
optical transmission line member having a coated optical
fiberattached to the ferrule 92. The body 90 is provided with
a cylindrical socket block 96 for securely supporting the
ferrule 92 and a hollow cylindrical socket housing 98 for
supporting the socket block 96 displaceably in the axial direc
tion. The socket block 96 and socket housing 98 can be made
from a suitable plastic material.
0094. The socket block 96 of the body 90 is integrally
provided with a substantially cylindrical first part 100 open at
one end in the axial direction and a cylindrical second part
102 open at the side at the other end in the axial direction. The
first part 100 defines a first recess 100a by its cylindrical inner
circumference, while the second part 102 defines a second
recess 102a by the inner circumference of that substantially
block shape. The first recess 100a and the second recess 102a
have between them a ring-shaped wall 104 having a center
through hole passing through the two formed integrally with
the first and second parts 100 and 102. The center through
hole of the ring-shaped wall 104 includes a large diameter
cylindrical insertionhole 104a at the first recess 100a side and
a small diameter cylindrical through hole 104 at the second
recess 102a side. The second part 102 is further provided with
a rear end wall 106 having a center through hole communi
cating with the second recess 102a and set at the other end in
the axial direction of the socket block 96. The center through
hole of the rear end wall 106 includes a small diameter cylin
drical through hole 106a at the second recess 102a side and a
guide groove 106b expanding frustoconically toward the
outer surface. The first recess 100a, the insertion hole 104a,

the through hole 104b, the through hole 106a, and the guide
groove 106b are aligned coaxially with each other.
0095. The first part 100 of the socket block 96 is formed
with a ring-shaped flange 108 projecting outward in the dia
metrical direction adjoining the open end 100b. Further, a
predetermined position of the ring-shaped flange 108 is
formed with a catch 108a and a twist-stop 108bprojecting out
locally outward in the diametrical direction. The second part
102 of the socket block 96 holds an open/closable fiber secur
ing member 110 securely gripping the optical fiber stripped of
its coating and an actuating member 112 operating to make
the fiber securing member 100 open and close suitably com
bined in the second recess 102a.

0096. As shown in FIG. 15, the fiber securing member 110
has a mode in which it folds into two along its center axis a
sheet member formed into a predetermined shape from alu
minum or another ductile material. The folded fiber securing
member 110 is provided with a pair of flaps 114 arranged
facing each other across a butterfly edge 110a along the fold.
The facing surfaces of these flaps 114 are formed with open/
closeable gripping Surfaces 114a securely gripping the opti
cal fiber. In the illustrated embodiment, corresponding posi
tions of the gripping surfaces 114a of the two flaps 114 are
formed with straight Supporting grooves 116 (for example,
V-section grooves) for gripping the optical fiber at a prede
termined positions parallel to the butterfly edge 110a.
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(0097. The pair of flaps 114 of the fiber securing member
110 are designed to move back and forth, that is, open and
close, about the butterfly edge 110a along with elastic defor
mation of the material at the area of the butterfly edge 110a.
Normally, the fibersecuring member 110 is placed in the open
position where the two flaps 114 are moved away somewhat
from the gripping surfaces 114a (FIG. 15). From the open
position, by applying external force to the two flaps 114 in a
direction bringing them closer, the member displaces against
the elastic recovery force of the butterfly edge 110a to the
closed position where the gripping Surfaces 114a come into
contact. When the fiber securing member 110 is in the open
position, smooth insertion and removal of the optical fiber to
and from the supporting groove 116 are allowed, while when
the fiber securing member 110 is in the closed position, the
optical fiber held between the pair of supporting grooves 116
is strongly securely gripped receiving the pressure from the
two gripping Surfaces 114a. Note that the fiber securing mem
ber 110 can be formed suitably adjusting the width of the
Supporting grooves 116 so as to securely grip an optical fiber
with the coating between the two Supporting grooves 116.
0098. The actuating member 112 is a lid-shaped member
made of an integrally molded piece of for example a plastic
material and is provided with a pair of holding walls 120
defining a recess 118 of dimensions able to hold the two flaps
114 of the fiber securing member 110. These holding walls
120 face each other substantially in parallel across a prede
termined space and have facing Surfaces formed as stepped
surfaces having primary pressing surfaces 120a at the open
(in figure, bottom) side of the recess 118 and secondary
pressing surfaces 120b at the inner side of the recess 118.
Therefore, the recess 118 is formed with a relatively broad
open side area defined by the two primary pressing Surfaces
120a and a relatively narrow inner side area defined by the
two secondary pressing Surfaces 120b.
(0099. The fiber securing member 110 is secured in the
second recess 102a of the second part 102 of the socket block
96 with the butterfly edge 110a facing the inner side in a state
enabling the above opening/closing operation. If securing the
fiber securing member 110 at a suitable position of the second
recess 102a of the socket block 96, the two supporting
grooves 116 are arranged so as to be able to be aligned
coaxially with respect to the pair of through holes 104b and
106a of the socket block 96. The actuating member 112 is
movably attached to the second recess 102a So as to comple
mentarily block the open area of the second part 102 of the
socket block 96. At this time, the actuating member 112 holds
the two flaps 114 of the fiber securing member 110 in the
recess 118. The two holding walls 120 support the two flaps
114 by holding them from the outside in stages by the press
ing surfaces 120a and 120b. While moving from a provisional
attachment position (FIG. 6 and FIG. 8) to the final attach
ment position with respect to the socket block 96, the actuat
ing member 112 operates to displace the fiber securing mem
ber 110 from the open position to the closed position by
applying pressure to the two flaps 114 of the fiber securing
member 110 from the two holding walls 120 in a direction
bringing the gripping Surfaces 114a into close contact.
0100. The socket housing 98 of the body 90 is provided
integrally with the cylindrical first part 122 open at one end in
the axial direction and the cylindrical second part 124 open at
the other end in the axial direction. The first part 122 defines
a first recess 122a by its cylindrical inner circumference,
while the second part 124 defines a second recess 124a by its
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cylindrical inner circumference. The first recess 122a and the
second recess 124a communicate with each other coaxially
through a step difference (shoulder 126). The socket housing
98 holds in the first recess 122a of the first part 122 the first
part 100 of the socket block 96 displaceably in the axial
direction and holds in the second recess 124a of the second

part 124 the second part 102 of the socket block 96 displace
ably in the axial direction.
0101 The first recess 122a of the socket housing 98 fur
ther holds a compression helical spring 128 interposed
between the shoulder 126 and ring-shaped flange 108 of the
socket block 96 in a compressible state by an arrangement
surrounding the first part 100 of the socket block 96. The
compression helical spring 128 elastically biases the socket
block 96 in a direction pushing it outward from the open end
122b of the first part 122 of the socket housing 98 from an
open end 122. Further, the first part 122 of the socket housing
98 is formed with a plurality of recesses 130 complementarily
holding a catch 108a and twist-stop 108b provided at the
ring-shaped housing 108 of the socket block 96 at a predeter
mined position near the open end 122b. Due to this, the socket
block 96 can displace across a predetermined distance in only
the axial direction under the bias force of the compression
helical spring 128.
0102 The second part 124 of the socket housing 98 is
formed with an operating window 132 open to the side at a
position corresponding to the actuating member 112 set at the
second part 102 of the socket block 96. The operating window
132 allows insertion of a suitable tool for moving the actuat
ing member 112 from the above-mentioned provisional
attachment position to the final attachment position. The sec
ond part 124 of the socket housing 98 further has a pair of
latch levers 134 having base ends 134a integrally formed at
facing positions in the diametrical direction on the outer
surface at the boundary area with the first part 122 and extend
ing in a cantilever fashion along the outer Surface of the
second part 124. The latch levers 134 can elastically bend
about the base ends 134a to move back and forth in directions

approaching and moving away from the Socket housing 98 on
the second part 124. The approximate centers in the longitu
dinal directions of the latch levers 134 are formed with

engagement projections 134b at their outer Surfaces.
(0103) The ferrule 92 of the optical connector 14 has sub
stantially the same configuration as the ferrule 22 of the
optical connector 10. That is, the ferrule 92 is provided with
an abutting end face 136 at one end in the axial direction
extending flat Substantially perpendicular to the center axis
92 and a fiber holding channel 138 opening at the center of the
abutting end face 136 and extending straight along the center
axis. The abutting end face 136 is communicated with a
cylindrical outer circumference 92b through a tapered surface
92.

0104. The ferrule 92 is secured at the insertion hole 104a
of the ring-shaped wall 104 of the socket block 96 at a part
near the ring-shaped end face 92d at the opposite side to the
abutting end face 136 by press-fitting or adhesion. In this
state, the main length part of the ferrule 92 is arranged in the
first recess 100a of the first part 100 of the socket block 96
Substantially coaxially with a space. Further, the abutting end
face 136 of the ferrule 92 is positioned projecting outward
slightly from the open end 100b of the first part 100 of the
Socket block 96.

0105. The ferrule 92 secured to the socket block 96 can
displace across a predetermined distance in the axial direction
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with respect to the socket housing 98 together with the socket
block 96. At the front end position where the socket block 96
leans to the open end 122b side of the first part 122 of the
socket housing 98 due to the bias force of the compression
helical spring 128, the abutting end face 136 of the ferrule 92
is arranged projecting slightly outward from the open end
122b of the socket housing 98. Further, at the rear end position
where the socket block 96 leans to the open end 124b side of
the second part 124 of the socket housing 98 against the bias
force of the compression helical spring 128, the abutting end
face 136 of the ferrule 92 is arranged on an imaginary plane
substantially the same as the open end 122b of the socket
housing 98. Due to this configuration, when connecting the
optical connector 14 with the other connector (for example,
optical connector 10), in the separately providing aligning
sleeve member (for example, aligning sleeve member 24 of
optical connector 10), it is possible to make the abutting end
faces of the ferrules of the two connectors abut against each
other by the spring bias force of the compression helical
spring 128 and connect them in an end face abutting state with
the pair of coated optical fibers centered with a high accuracy.
0106 The holding section 94 of the optical connector 14 is
provided with a holding member 140 arranged at a position
adjoining the second part 124 of the socket housing 98 of the
body 90 and separated by exactly a predetermined distance
from the open end 124b (or ring-shaped end face 92d of the
ferrule 92 secured to the socket block 96). The holding mem
ber 140 has a rotational axis 14.0a extending in a direction
substantially perpendicular to the center axis 92a of the fer
rule 92 secured to the socket block 96 on a third part 142
extending integrally to a side opposite the first part 122 from
the second part 124 of the socket housing 98 and is rotatably
provided. Alternatively, the holding member 140 can be
formed integrally (that is, securely) with the third part 142 of
the socket housing 98.
0107 The holding member 140 is for example comprised
of an integral molded piece of a plastic resin and is provided
with a base plate part 144 having a disk shape centered on the
rotational axis 14.0a and a U-shaped extension part 146
extending from the base plate part 144 outward in a radial
shape. The base plate part 144 of the holding member 140 is
provided with a bulge 148 projecting in the rotational axis
direction at the Substantially bow-shaped area not including
the rotational axis 140a. The bulge 148 has at the surface at
the rotational axis 14.0a side a coated fiber guide face 148a
bent bulging outward in an arc shape by a predetermined
radius of curvature slightly larger than the minimum radius of
curvature prescribed for the coated optical fiber to which the
optical connector 14 is to be attached. Further, the base plate
part 144 has a plurality of projections projecting out locally
on the outer circumference at predetermined center angle
positions at the side opposite to the bulge 148. Each projec
tion 144a is fit in an engagement groove 150a on a base seat
150 formed at a predetermined position of the third part 142
of the socket housing 98 along with the slight elastic defor
mation of the related group of components.
0108. The extension part 146 of the holding member 140 is
formed with a holding groove 152 able to hold the optical
transmission line member in a state extended straight. The
holding groove 152 is substantially connected to the coated
fiber guide face 148a of the bulge 148 at its base end 152a
adjoining the base plate part 144 and extends in a Substan
tially tangential direction to the arc-shaped coated fiber guide
face 148a. Further, the holding groove 152 is formed at a
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desired location at the inner surface of the extension part 146
with a plurality of projections 152b engaging by friction with
the sheath of the optical transmission line member. When the
holding member 140 is at the illustrated functional position,
the holding groove 152 of the extension part 146 is arranged
at a position further from both of the rotational axis 140a and
coated fiber guide face 148a of the bulge 148 seen from the
rear end wall 106 of the socket block 96 of the body 90 (or the
ring-shaped end face 92d of the ferrule 92 secured to the
socket block 96) and is extended in a direction inclined by a
predetermined angle with respect to the center axis 92a of the
ferrule 92 (that is, the fiber holding channel 138) secured to
the socket block 96 (see FIG. 16(a)). Further, at this func
tional position, the coated fiber guide face 148a of the bulge
148 of the base plate part 144 is arranged at a position further
from the rotational axis 14.0a seen from the base seat 150 of

the third part 142 of the socket housing 98.
0109 Since the holding groove 152 provided at the hold
ing member 140 has the above configuration, regardless of the
position of the ferrule 92 on the socket housing 98 of the body
90, it functions to make the coated optical fiber of the optical
transmission line member bend by a radius of curvature of at
least a predetermined minimum radius of curvature. This
bending of the coated optical fiber is based on the angle of
inclination of the holding groove 152 with respect to the
center axis 92a of the ferrule 92 and the distance between the

holding groove 152 and ferrule 92. Further, the coated fiber
guide face 148a of the bulge 148 is formed at a position in
proximity to but usually not contacting the coated optical
fiber bent by the holding groove 152. The coated fiber guide
face 148a effectively prevents the bent coated optical fiber
from ending up being bent by a radius of curvature of less than
the minimum radius of curvature due to unintentional exter

nal force. Alternatively, the coated fiber guide face 148a can
assist the bending action by lightly contacting the bent coated
optical fiber to an extent not giving rise to tension.
0110. Note that at the illustrated functional position, the
projection 144a provided at the base plate part 144 of the
holding member 140 engages with the engagement groove
150a of the base seat 150 of the socket housing 98 and
obstructs unintentional rotation of the holding member 140.
Further, when integrally forming the holding member 140 at
the third part 142 of the socket housing 98, the base plate part
144 and extension part 146 are arranged securely in advance
at the illustrated functional position.
0111. The holding member 140 set rotatably at the body
90 can be arranged at a nonfunctional position where the
holding groove 152 of the extension part 146 is extended at a
position further from both of the rotational axis 14.0a and the
coated fiber guide face 148a of the bulge 148 as seen from the
rear end wall 106 of the socket block 96 of the body 90 in a
direction substantially parallel to the center axis 92a (that is,
the fiber holding channel 138) of the ferrule 92 secured to the
socket block 96 (or on the extension of the center axis 92a)
(see FIG.16(b)). At this nonfunctional position, another pro
jection 144a provided at the base plate part 144 of the holding
member 140 engages with an engagement groove 150a of the
seat 150 of the socket housing 98 and obstructs unintentional
rotation of the holding member 140. As explained later, the
holding member 140 is suitably rotated between the func
tional position and nonfunctional position when attaching the
optical connector 14 to the optical transmission line member.
0112 The above-mentioned socket-type optical connector
14 can form an optical fiber 16 with a connector by attaching
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it to an end of an optical fiber cable 162 including a coated
optical fiber 160 (FIG. 7 and FIG. 8). Here, this optical fiber
cable 162 is end-treated in advance by, as shown in FIG.
14(b), removing the plastic sheath 164 and tension-bearing
member (not shown) over a desired length of the end to
expose the coated optical fiber 160, removing the coating 166
over a desired length of the front end of the coated optical
fiber 160 to expose the optical fiber 168, and cutting the
exposed optical fiber 168 by a specialized cutting tool to at
least a length Substantially corresponding to the fiber holding
channel 138 of the ferrule 92.

0113. The thus end-treated optical fiber cable 162 is
inserted into the socket block 96 of the body 90 of the optical
connector 14 from the rear end wall 106. At this time, the

actuating member 112 set at the second part 102 of the socket
block 96 is placed at the above-mentioned provisional attach
ment position, whereby the fiber securing member 110 is
placed at the open position. Further, the holding member 140
of the holding section 94 are placed at the above-mentioned
nonfunctional position.
0114. Therefore, the optical fiber 168 exposed at the front
end of the optical fiber cable 162 passes through the guide
groove 106b and through hole 106a of the rear end wall 106
of the socket block 96, passes between the pair of support
grooves 116 of the fibersecuring member 110, passes through
the through hole 104b of the ring-shaped wall 104 of the
socket block 96, and is passed through the fiber holding
channel 138 of the ferrule 92 secured set in the first recess

100a. Further, at the point of time when the axial end face
168a of the optical fiber 168 reaches a predetermined position
adjoining the abutting end face 136 of the ferrule 92, the
actuating member 112 is pushed from the provisional attach
ment position to the final attachment position to displace the
fiber securing member 110 to the closed position and securely
grip the optical fiber 168 (or coated optical fiber 160) between
the pair of Supporting grooves 116.
0.115. After securing the optical fiber 168 to the socket
block 96 in this way, the optical fiber cable 162 is inserted into
the holding groove of the extension part 146 of the holding
member 140 while making the plurality of projections 152b
bite into the sheath 164. In this state, the optical fiber cable
162 is held in a state with the optical fiber 168 extended right
in a range from the abutting end face 136 of the ferrule 92 to
the end of the holding groove 152 (FIG. 16(b)). Next, the
holding member 140 is rotated from the nonfunctional posi
tion to the functional position to arrange the holding groove
152 at a position inclined by a predetermined angle with
respect to the center axis 92a of the ferrule 92.
0116. Along with the holding member 140 being turned
from the nonfunctional position to the functional position, the
coated optical fiber 160 extending along the base plate part
144 of the holding member 140 gradually approaches the
coated fiber guide face 148a of the bulge 148. Further, when
the holding member 140 reaches the functional position, the
coated optical fiber 160 approaches and bends at the coated
fiber guide face 148a of the bulge 148 as explained above in
the range from the rear end wall 106 of the socket block 96 to
the base end 152a of the holding groove 152 (FIG.16(a)). At
this time, due to the presence of the coated fiber guide face
148a, the coated optical fiber 160 bending by a radius smaller
than the prescribed value of the minimum radius of curvature
is reliably avoided. Further, since the optical fiber cable 162 is
held at the holding groove 152 at a position far from the
coated fiber guide face 148a seen from the rear end wall 106
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of the socket block 96, when the socket block 96 displaces in
the axial direction with respect to the socket housing 98 as
explained above, the coated optical fiber 160 is allowed to
approach the coated fiber guide face and bend slightly in a
range not reaching a radius Smaller than the prescribed mini
mum radius of curvature. In this way, the optical connector 14
is attached to the end of the optical fiber cable 162, whereby
an optical fiber 16 with a connector is completed.
0117 The optical connector 14 having the above configu
ration is not provided with an aligning sleeve member holding
aferrule 92 set in the body 90. Further, it is possible to hold the
coated optical fiber 160 to be attached to bend by a radius of
at least the prescribed value of the minimum radius of curva
ture behind the ferrule 92, so it is possible to effectively
reduce the external dimensions in the extension direction of

the ferrule 92 at the time of use while suppressing optical loss
in the coated optical fiber 160. This bending of the coated
optical fiber 160 is based on the arrangement preset for the
holding groove 152 provided at the holding section 94, so
even when performing connector attachment work for an
optical fiber cable 162 at a construction site, it is possible to
attach the optical connector 14 to the coated optical fiber 160
quickly and accurately. If configuring the holding section 94
from the linked holding member 140, it is possible to bend the
coated optical fiber 160 by a predetermined radius of curva
ture without allowing twisting or tension or other stress to
unintentionally concentrate at the coated optical fiber 160, so
the on-site connector attachment work becomes remarkably
easy.

0118. Further, according to the optical connector 14, at the
time of use, the coated optical fiber 160 extending bent along
the coated fiber guide face 148a between the socket block 96
and holding groove 152 can bend slightly in a range not more
than a radius Smaller than the prescribed minimum radius of
curvature near the coated fiber guide face 148a even when the
socket block 96 moves to the rear in the axial direction against
the bias force of the compression helical spring 128 when
connecting the optical connector 14 with the other connector
(for example, the optical connector 10). Therefore, it is pos
sible to stably form a connection with little connection loss.
Further, the configuration of the optical connector 14 not
provided with an aligning sleeve member also has the effect
of facilitating cleaning of the area around the ferrule. Further,
the ferrule 92 and the optical fiber 168 are secured to each
other by the actions of the fiber securing member 110 and
actuating member 112 provided at the socket block 96, so
there is no need for use of an adhesive and the on-site con

nector attachment work can be speeded up more. In this way,
the optical connector 14 can effectively reduce the external
dimensions in the direction of extension of the ferrule and

further has a Superior on-site installation efficiency and
safety.
0119 Further, the optical fiber 16 with a connector having
the above configuration has the effect of reduction of the
external dimensions of the optical connector 14 and Superior
on-site installation efficiency and safety. Therefore, the opti
cal fiber 16 with a connector can be particularly suitably used
as an optical fiber cable laid using metal pipe inside the walls
of homes in lead-in work for extending and laying an optical
fiber cable from a public optical fiber network to the indi
vidual homes. In this application, the Socket-type optical
connector 14 can be held with a sufficient margin of space in
a Switchbox provided at a predetermined position indoors
while Suppressing the optical loss inside the optical fiber
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cable 162. Note that the configuration of the holding section
94 provided at the optical connector 14 is not limited to that of
a socket-type optical connector Such as in the illustrated
embodiment. It can also be provided at a plug-type optical
connector Such as an optical connector 10. Further, the optical
connector 14 can be provided with a plurality of ferrules 92
and a plurality of holding sections 94 corresponding to the
individual ferrules 92 so as to form a multi-fiber optical
COnnectOr.

I0120 Note that, in the optical connector 14, when the
holding member 140 of the holding section 94 is located at the
nonfunctional position, the coated optical fiber 160 of the
optical fiber cable 162 fitted in the holding groove 152 of the
extension part 146 of the holding member 140 may be in a
Somewhat bending state in an exposed length extending up to
the rear end wall 106 of the socket block 96 of the body 90.
When such a bending state is allowed, it is possible to prevent
the coated optical fiber 160 from being subjected to an unex
pected tensile force during the rotation of the holding member
140 from the nonfunctional position to the functional posi
tion. It is also possible to advantageously relieve the demand
for accuracy in relation to the position of the rotational axis
14.0a of the holding member 140 or the exposed length of the
coated optical fiber 160 of the optical fiber cable 162. Further,
if the coated optical fiber 160 is bending when the holding
member 140 is in the nonfunctional position, the entire
exposed length of the optical fiber 168 is surely received
within the socket block 96, so that it is possible to effectively
avoid a disadvantage due to the exposure of the optical fiber
168 outside the body 90.
I0121 The above-mentioned plug-type optical connector
10 and the socket-type optical connector 14, as shown in FIG.
9 and FIG. 10, are detachably combined to form the optical
fiber connecting device 18. In the optical fiber connecting
device 18, when connecting the optical connector 10 attached
to the end of the optical fiber cord 82 and the optical connector
14 attached to the end of the optical fiber cable 162, the first
part 60 of the sleeve holder 52 of the aligning sleeve member
24 attached to the body 20 of the optical connector 10 is
inserted into the first recess 100a of the socket block 96 of the

optical connector 14. Here, the first part 60 of the aligning
sleeve member 24 and the first recess 100a of the socket block

96 are formed to have shapes and dimensions enabling
complementary engagement without any rattling.
0.122 The aligning sleeve member 24 is inserted into the
socket block 96. Along with this, the ferrule 92 of the optical
connector 14 is inserted from the abutting end face 138 in the
slotted sleeve 50 of the aligning sleeve member 24. Here, by
forming the ferrules 22 and 92 of the two connectors 10 and
14 to the same dimensions and shapes, the ferrule 92 is
inserted into the bore 58 of the slotted sleeve 50 until any
length part adjoining the abutting end face 138 passes through
the openend 60b of the first part 60 of the sleeve holder 52 and
strikes the abutting end face 46 of the ferrule 22 of the optical
connector 10 (FIG. 10). In this state, the slotted sleeve 50
contacts the cylindrical outer circumference 92b of the ferrule
92 at its inner circumference 50b and is slightly elastically
pushed wider and centers and supports the ferrule 92 at a
predetermined position by its elastic recovery force. There
fore, in this state, the center axis 92a of the ferrule 92 is

securely arranged precisely aligned with the center axis 50a

of the slotted sleeve 50, that is, the center axis 22a of the

ferrule 22. Further, the abutting end faces 46 and 136 of the
two ferrules 22 and 92 come into contact and abut against
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each other under the bias force of the compression helical
spring 128, whereby the pair of optical fibers 88 and 168
secured to the two ferrules 22 and 92 are connected in a state

with the end faces abutting centered with a high accuracy.
(0123. If the ferrule 92 of the optical connector 14 is
inserted into the bore 58 of the slotted sleeve 50 of the align
ing sleeve member 24, the arm part 54b of the movable shutter
54 arranged passively displaceably in the bore 58 of the
slotted sleeve 50 in advance strikes the ferrule 92 at its end

54d and elastically bends to be passively pulled into the slot
56 of the slotted sleeve 50 (FIG. 10). Therefore, the movable

shutter 54 does not interfere with the end face abutment and

connection of the optical fibers 88 and 168 due to the abutting
of the ferrules 22 and 92. Further, if the optical connectors 10
and 14 are detached, the ferrule 92 of the optical connector 14
is pulled out from the bore 58 of the slotted sleeve 50 of the
aligning sleeve member 24. Along with this, the arm part 54b
of the movable shutter 54 elastically recovers and its end 54d
is arranged on the extension of the center axis 22a of the
ferrule 22 in the bore 58 of the slotted sleeve 50.

0.124. In the optical fiber connecting device 18 having the
above configuration, the actions and effects of the optical
connectors 10 and 14 and optical fibers 12 and 16 with con
nectors explained above act synergistically. In particular, it
will be understood that the device can be preferably applied to
an optical transmission line laid indoors. Note that in the
optical fiber connecting device according to the present
invention and the optical connector and optical fiber with a
connector according to the present invention, the movable
ferrule structure (in the illustrated embodiment, the socket
block 96 for supporting the ferrule 92) and biasing means (in
the illustrated embodiment, the compression helical spring
128) for bringing the abutting end faces of the pair of ferrules
into abutment under pressure may be provided at the plug
type optical connector or may be provided at both optical
connectors instead of the illustrated configuration of provid
ing them at the socket-type connector. Further, as the means
for securing the coated optical fiber at the ferrule in the
Socket-type optical connector, it is also possible to employ a
configuration in which the pair of plates elastically held in a
state of close contact are pried open and the optical fiber
gripped between them or a configuration using a general heat
curing type, thermoplastic type, UV curing type, or other
adhesive instead of a configuration using the fiber securing
member 110 and actuating member 112 of the illustrated
embodiment. Further, as the means for securing the coated
optical fiber at the ferrule at the plug-type optical connector,
it is also possible to employ a mechanical securing structure
such as a fiber securing member 110 instead of an adhesive.
0.125. When using the optical fiber connecting device 18
for an optical transmission line laid indoors explained above,
it is possible to use a specialized adapter 170 for stably setting
the socket-type optical connector 14 at an existing Switchbox.
As shown in FIG. 17, the adapter 170 is comprised of a
combination of a pair of upper and lower adapter members
172 and 174 securely gripping the socket housing 98 of the
body 90 of the optical connector 14. These adapter members
172 and 174 cooperate with each other to form a first hollow
part 176 for securely holding the first and second parts 122 of
the socket housing 98 of the optical connector 14 and a second
hollow part 178 for detachably holding the first part 30 of the
plug housing 26 of the optical connector 10.
0126. The first hollow part 176 of the adapter 170 is
formed with a pair of engagement holes 180 for Snap engage
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ment of the engagement projections 134b of the pair of latch
levers 134 provided at the socket housing 98 near the opening
176a for insertion of the socket housing 98 of the optical
connector 14 (FIG. 18). Further, the second hollow part 178 is
formed with a pair of engagement tabs 182 for Snap engage
ment of the pair of engagement recesses 38b of the latch
levers 38 provided at the plug housing 26 near the opening
178a for insertion of the plug housing 26 of the optical con
nector 10 (FIG. 19). The second hollow part 178 is further
formed with a rib 184 slidably guiding the plug housing 26 of
the optical connector 10 toward the socket housing 98 of the
optical connector 14. The adapter 170 arranges the front end
faces 172b and 174b of the two adapter members 172 and 174
at the opening of the Switchbox (not shown) and is securely
attached to the Switchbox.

I0127. The adapter 170 further has a door 186 opening or
closing the opening 178a of the second hollow part 178. The
door 186 is for example connected to an upper housing mem
ber 172 inside of the opening 178a in a butterfly fashion. The
door 186 closes the opening 178a of the second hollow part
178 of the adapter 170 by its own weight or the bias force of
a spring etc. at the time of nonuse where the optical fiber
connecting device 18 does not connect a pair of optical con
nectors 10 and 14. Due to this, contact by the hand or depo
sition of dirt at the abutting end face 136 of the ferrule 92 of
the optical connector 14 held in the switchbox is prevented
and light emitted from the optical fiber 168through the ferrule
92 leaking from the switchbox is reliably prevented.
0128. At the time of use of the optical fiber connecting
device 18, the optical connector 10 is inserted to the second
hollow part 178 of the adapter 170 by pressing the open end
60b of the aligning sleeve member 24 from the outside to the
door 186, whereby the door 186 is pushed up in a pivoting
manner at the upper adapter member 172 side and the opening
178a is opened. Further, the optical connector 10 is further
inserted to the inner side of the second hollow part 178 of the
adapter 170, whereby the aligning sleeve member 24 is fit into
the socket housing 98 of the optical connector 14 and the
optical connectors 10 and 14 are connected with each other.
During this insertion operation, the latch lever 38 of the
optical connector 10 rides up over the pair of engagement tabs
182 provided at the adapter 170 and elastically bends to hold
the engagement tabs 182 in the corresponding engagement
recesses 38b and thereby elastically recovers so as to securely
hold the optical connector 10 at a position suitably connected
to the optical connector 14. At this time, the worker can
recognize by the Striking noise occurring when the latch lever
38 elastically recovers that the optical connectors 10 and 14
are suitably connected.
I0129. When separating the optical connectors 10 and 14,
the latch lever 38 is forcibly pushed up to release the engage
ment with the engagement tabs 182, then the optical connec
tor 10 is pulled out from the second hollow part 178 of the
adapter 170. Due to this, the door 186 automatically moves in
concert to close the opening 178a. Note that it is also possible
to provide at least one of the engagement tabs 182 and door
186 at the socket housing 98 of the optical connector 14
instead of providing them at the adapter 170. Further, the door
186 can be made a vertical or horizontal sliding opening/
closing structure instead of the above springout type opening/
closing structure. Further, the adapter 170 can be made an
integral structure not split in the vertical direction.
0.130. In the optical fibers 12 and 16 with connectors
according to the present invention, when end treating the
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optical fiber cord 82 or optical fiber cable 162, it is not
necessary to form perpendicular mirror Surface axial end
faces 88a and 168a at the optical fibers 88 and 168 or accu
rately position these axial end faces 88a and 168a. It is pos
sible to use a structure able to establish an optical fiber con
nection Suppressing connection loss as much as possible.
0131 For example, as shown in FIG.20(a), in the optical
fiber 12 with a connector, the optical fiber 88 is provided with
a beveled area 190 extending tapered toward its axial end face
88a adjoining the axial end face 88a and is attached to the
ferrule 22 with the axial end face 88a projecting out slightly
from the abutting end face 46 of the ferrule 22. Further, the
optical fiber 88 is provided with a free area 192 not secured to
the fiber holding channel 48 across a range of a desired length
from the abutting end face 46 in the fiber holding channel 48
of the ferrule 22 as the beveled area 190. Note that the part of
the optical fiber 88 other than the free area 192 can be secured
to the fiber holding channel 48 by an adhesive 194 as illus
trated. As opposed to this, in the optical fiber 16 with a
connector, the optical fiber 168 has a substantially flat axial
end face 168a and is attached to the ferrule 92 with the axial

end face 168a arranged on Substantially the same plane as the
abutting end face 136 of the ferrule 92. Further, the optical
fiber 168 is provided with a free area 196 not secured to the
fiber holding channel 138 across a range of a desired length
from the abutting end face 136 in the fiber holding channel
138 of the ferrule 92 adjoining the axial end face 168a. Note
that the part of the optical fiber 168 other than the free area
196 can as explained above be secured by the fiber securing
member 110, for example, be secured to the fiber holding
channel 138 by an adhesive 194 as illustrated.
0132) If connecting the optical connectors 10 and 14 as
explained above to the optical fibers 12 and 16 with connec
tors configured in this way, the axial end faces 88a and 168a
of the optical fibers 88 and 168 are made to abut against each
other by the pressing force of the compression helical spring
128. At this time, as shown in FIG.20(b), the pressing force
compresses the free areas 192 and 196 of the optical fibers 88
and 168 in the axial direction in the fiber holding channels 48
and 138 of the ferrules 22 and 92, the axial end faces 88a and

168a are made to strongly abut against each other, and finally
the abutting end faces 46 and 136 of the two ferrules 22 and 92
are made to abut against each other.
0.133 According to the above abutment connection mode,
there is no longer any need to accurately (for example, 0.1 mm
order) position the axial end faces 88a and 168a of the optical
fibers 88 and 168 with respect to the abutting end faces 46 and
136 of the ferrules 22 and 92. That is, if securing the rear area
of the optical fiber 88 to for example the fiber holding channel
48 by an adhesive 194 in the state with the axial end face 88a
of the optical fiber 88 made to suitably project out from the
abutting end face 46 of the ferrule 22 (for example, by several
mm), it is possible to strongly reliably make the axial end
faces 88a and 168a of the optical fibers 88 and 168 abut
against each other as explained above. This extent of posi
tioning accuracy can be achieved by hand at the construction
site ifusing a microscope or other suitable tool. Further, at this
time, the pressing force is applied dispersed at the free areas
192 and 196 of the two optical fibers 88 and 168, so concen
tration of stress to areas near the axial end faces 88a and 168a

is avoided and deterioration of the optical characteristics at
the optical fibers 88 and 168 after connection is prevented.
Note that the axial end face 168a of the other optical fiber 168
can be made easily level with the abutting end face 136 by
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securing the rear area of the optical fiber 168 to for example
the fiber holding channel 138 by an adhesive 198 in the state
projecting out Suitably (for example, several mm) from the
abutting end face 136 of the ferrule 92, then hand polishing
the projecting part of the optical fiber 168.
I0134) Further, according to the above-mentioned abut
ment connection mode, it is no longer necessary to form the
axial end faces 88a and 168a of the optical fibers 88 and 168
as mirror Surfaces extending accurately in the perpendicular
direction with respect to the axis. For example, as shown in
FIG. 21, even if the axial end faces 88a and 168a of the optical
fibers 88 and 168 extend inclined slightly with respect to the
axis, the beveled area 190 provided at the optical fiber 88 acts
so that the striking position of the claddings 88b and 168b
approaches the fibers 88c and 168c (FIG. 21(a)). As a result,
it is possible to reduce as much as possible the clearance
between the fibers 88c and 168c and thereby possible to
reduce as much as possible the connection loss. As opposed to
this, when neither of the optical fibers 88 and 168 has the
beveled area, there is a possibility of the claddings 88b and
168b striking each other near the outer circumference. In this
case, there is a danger of the space between the cores 88c and
168c increasing and the connection loss increasing. Note that
the axial end faces 88a and 168a suitably inclined with
respect to the axes of the optical fibers 88 and 168 can be
formed into mirror Surfaces relatively easily by a cutting
action using a general optical fiber cutting tool.
0.135 Further, according to the above configuration, it is
also possible to deliberately form the above-mentioned
inclined end faces 88a and 168a of the optical fibers 88 and
168 so that for example the angle of inclination with respect
to the perpendicular end faces becomes about 8 degrees. The
axial end faces 88a and 168a having Such an inclination angle
exhibits the effects of reducing the amount of reflection
attenuation of light. Note that the inclined end faces 88a and
168a of the optical fibers 88 and 168 can be formed relatively
easily by forming the abutting end faces 46 and 136 of the
ferrules 22 and 92 at predetermined desired angles of incli
nation, making the axial end faces 88 and 168a of the optical
fibers 88 and 168 suitably project out from the abutting end
faces 46 and 136 and arranging them securely at the fiber
holding channels 48 and 138, then polishing the projecting
parts of the optical fibers 88 and 168 by hand so as to follow
the abutting end faces 46 and 136.
0.136. By employing the abutting connection mode of the
optical fibers according to the present invention, even when
connector attachment work is necessary on the construction
site for the purpose of use of the optical fibers 12 and 16 with
connectors for an optical transmission line laid indoors, there
is no need to form perpendicular mirror Surface axial direc
tion end faces 88a and 168a at the optical fibers 88 and 186 or
position these axial end faces 88a and 168a with a high
accuracy and it is possible to interconnect optical fibers 88
and 186 in a state Suppressing as much as possible the con
nection loss.

0.137 The abutting connection mode of the optical fibers
according to the present invention provides at least at one
optical fiber of the pair of optical fibers with connectors a free
area not secured to the fiber holding channel of the corre
sponding ferrule across a range of a predetermined length
from the abutting end face in the fiber holding channel and
should satisfy one or both of the requirements of (1) forming
at least at one of the optical fibers a beveled area extending
tapered toward the axial end face adjoining the axial end face
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and (2) making the axial end face of at least one of the optical
fibers project outward from the end abutting face of the cor
responding ferrule. Here, regarding the requirement (2),
when arranging the other optical fiber at a position where its
axial end face is pulled into the fiber holding channel of the
ferrule, it is sufficient that the sum of the abutting end faces of
the two optical fibers (amount of pull in is minus) become
more than Zero. Note that if applying these requirements to an
optical fiber with a connector generally assembled at the
factory as with the illustrated embodiment, it is possible to
make the other optical fiber with a connector generally
assembled at the construction site a usual simple configura
tion.

0.138. In the above configuration, when the abutment con
nection of optical fibers under pressure is completed, when
the abutting end faces of the two ferrules are not in close
contact, a stable abutment and connection state is considered

to be obtained by the elasticity of the optical fibers them
selves, so it is possible to omit the compression helical spring
or other biasing means. Further, as explained above, it is
possible not to secure at least one of the optical fibers across
the entire length of the fiber holding channel of the corre
sponding ferrule, but to securely support with respect to the
ferrule the optical fiber by a mechanical securing structure set
outside of the ferrule.

0.139. The abutment and connection mode of optical fibers
according to the present invention can be achieved by the
following steps, that is, (A) providing a pair of ferrules having
abutting end faces and fiber holding channels open at the
abutting end faces and securely holding optical fibers, (B)
forming at least at one of the pair of optical fibers a beveled
area extending tapered toward the axial end face adjoining the
axial end face, (C) passing the pair of optical fibers through
the fiber holding channels of the pair of ferrules and making
the axial end face of at least one of the optical fibers project
outward from the abutting end face of the corresponding
ferrule and providing at least at one of the pair of optical fibers
a free area not secured to said fiber holding channel across a
range of a predetermined length from said abutting end face in
said fiber holding channel of the corresponding ferrule, and
(D) arranging the pair of ferrules at aligning positions where
their fiber holding channels are aligned on a straight line and
making the axial end faces of the pair of optical fibers abut
each other under pressure.
0140. While the preferred embodiments of the present
invention are described above with reference to the drawings,
the invention does not limited in the illustrated configuration
but may be variously modified within the description of the
Scope of Claim for Patent.
0141 For example, as shown in FIGS. 22 and 23, the
Socket-type optical connector 14 according to the invention
may include, in the holding section 94, an engaging member
200 provided in the body 90 separately from the holding
member 140. The engaging member 200 is a U-shaped cross
sectional member, and integrally includes a pair of side plates
200a, 200b and a top plate 200c joining the side plates 200a,
200b with each other. The engaging member is formed on the
third part 142 of the socket housing 98 of the body 90 at a
position opposite to the base seat 150, in Such a manner as to
extend outward from the third part 142 at a predetermined
angle. Note that, although, in the illustrated embodiment, the
engaging member 200 is formed integrally at the outer side
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plate 200a with the third part 142 of the socket housing 98, the
engaging member 200 may be made separately from the
socket housing 98.
0142. The engaging member 200 includes a receptive
groove 202 defined by the side plates 200a, 200b and the top
plate 200c. The receptive groove 202 is shaped and dimen
sioned so as to be entirely receivable the extension part 146 of
the holding member 140 holding the optical fiber cable 162 in
the holding groove 152. More particularly, the receptive
groove 202 of the engaging member 200 opens in its entirety
at a side facing to the extension part 146 of the holding
member 140 shifting between the nonfunctional position and
the functional position, and, when the holding member 140
reaches the functional position, the extension part 146 of the
holding member 140 is received in the receptive groove 202 in
a condition as to be disposed substantially parallel to the
engaging member 200. On the other hand, the holding groove
152 of the holding member 140 opens in its entirety at a side
facing to the inner side wall 200b of the engaging member
2OO.

0143. The engaging member 200 is provided on the inner
side wall 200b with at least one engaging projection 204
formed to project into the receptive groove 202. Therefore,
when the holding member 140 holding the optical fiber cable
162 in the holding groove 152 is located at the functional
position, the engaging projection 204 provided on the side
plate 200b of the engaging member 200 bites the sheath 164
of the optical fiber cable 162 (FIG. 14(b)) to statically hold the
optical fiber cable 162 in the receptive groove 202 (FIG. 24).
Thus, the optical fiber cable 162 is prevented from moving in
a lengthwise direction in the holding groove 152 and from
being detached through the opening formed along the entire
length of the holding groove 152, under the cooperation of the
projections 152b biting the sheath 164 in the holding groove
152 and the engaging projection 204 biting the sheath 164 in
the receptive groove 202. Also, by providing a plurality of
projections 152b as well as a plurality of engaging projections
204, respectively spaced in the longitudinal direction of the
optical fiber cable 162, it is possible to mechanically hold the
optical fiber cable 162 in the holding groove 152 in a condi
tion where the coated optical fiber 160 is positioned in parallel
to a predetermined imaginary axis.
0144. As described above, in the optical connector 14
provided with the holding section 94 including the engaging
member 200, even when an external force such as a tensile

force is applied to the optical fiber cable 162, to which the
optical connector 14 is attached, the engaging member 200 is
able to receive or resist the external force, so that it is possible
to maintain a proper optical connection with respect to a
counterpart optical connector (e.g., the optical connector 12).
Particularly, in the Socket-type optical connector, often
securely arranged in a receptive member Such as a Switchbox,
it is possible to Surely prevent a joint portion of the optical
fiber cable 162 and the optical connector 14 (i.e., the portion
of the optical fiber 168 held in the fiber securing member 110)
from being damaged due to the external force Such as a tensile
force.

0145 The configuration of the holding member 140 and
the engaging member 200 in the above-described holding
section 94 in the optical connector 14 (particularly, the shape
of the holding groove 152 and the receptive groove 202)
corresponds to the optical fiber cable 162 having a generally
rectangular cross-sectional shape as illustrated (FIG. 14(b)).
In the optical fiber cable 162 having Such a shape, a bending
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direction avoidable the damage of the cable is substantially
restricted in such a direction as to bend in a state where the
wider outer surface areas of the sheath 164 are located inside

and outside. Therefore, the bending direction of the optical
fiber cable 162, to which the optical connector 14 is attached,
and which is permitted near the holding section 94, is limited
due to the posture or orientation of the optical fiber cable 162
in the holding groove 152 and the receptive groove 202. In
other words, there is a case where the shape of the holding
groove 152 and the receptive groove 202 in the holding sec
tion 94 as illustrated in FIGS. 22 to 24 is not acceptable from
the viewpoint of the bending direction of the optical fiber
cable 162.

0146 Then, in the optical connector 14, it is preferable to
configure the holding member 140 and the engaging member
200 (particularly, the sectional shape and/or the opening
direction of the holding groove 152 and the receptive groove
202), while taking into consideration the bending direction of
the objective optical fiber cable 162 required in the vicinity of
the holding section 94. For example, the configuration as
shown in FIGS. 22 to 24 may be modified so that the opening
formed along the entire length of the holding groove 152 is
provided at a side capable of facing to the top plate 200c of the
engaging member 200, so as to hold the optical fiber cable in
an orientation rotated at 90 degree from the illustrated orien
tation. In this arrangement, the engaging projection 204 of the
engaging member 200 may be formed on the top plate 200c.
0147 Note that the above-described configuration of the
holding section 94 including the holding member 140 and the
engaging member 200 is not limitedly applied to the optical
connector with ferrule as illustrated, but may be applied to
various optical connectors. For example, the above-described
configuration of the holding section 94 may be applied as a
holding section for statically hold an optical transmission
line member, such as an optical fiber cable, in an optical
connector provided in a common connector body with a fer
rule securely Supporting an optical fiber with a predetermined
length and a splicing section provided near the ferrule and
able to operate so as to securely support a portion of the
optical fiber projecting out from the ferrule and an optical
fiber of an optical transmission-line member introduced from
the outside. From this viewpoint, the present invention may
be defined such that an optical connector comprising a body
and a ferrule provided in the body and having a center axis,
characterized in that the optical connector comprises a hold
ing member provided in the body to be spaced from the
ferrule and including a holding groove for receiving an opti
cal transmission-line member, the holding member being
movable between a first position where the holding groove
extends in a direction inclined with respect to the center axis
of the ferrule and a second position where the holding groove
extends in a direction Substantially parallel to the center axis
of the ferrule, the holding member making a coated optical
fiber of the optical transmission-line member bend between
the ferrule and the holding groove by a radius of curvature of
at least a predetermined minimum radius of curvature; and an
engaging member provided in the body separately from the
holding member, the engaging member being engaged with
the optical transmission-line member received in the holding
groove to statically hold the optical transmission-line mem
ber in the holding groove when the holding member is placed
at the first position.
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0.148. The present invention is technology for connection
of optical fibers and can be extremely suitably used for appli
cations where the external dimensions are limited and where

Superior on-site installation efficiency and safety are required
Such as optical connectors able to be freely attached to and
detached from optical transmission lines laid indoors.
What is claimed is:

1. A plug-type optical connector comprising a body and a
ferrule provided in said body and having an abutting end face,
wherein:

said optical connector comprises an aligning sleeve mem
ber insertable in said body provided with a cylindrical
bore having openings at opposite axial ends, said align
ing sleeve member receiving in a part of said bore a
certain length of said ferrule adjoining said abutting end
face and being Supported at a predetermined position
with respect to said ferrule, said aligning sleeve member
including a slotted sleeve, said slotted sleeve including a
slit extending across a length of the slotted sleeve; and
wherein

said aligning sleeve member having a counterpart connec
tor engagement section projecting in a plug shape out
side said body, wherein said aligning sleeve member
includes a movable shutter provided to be passively dis
placeable in said bore and said slotted sleeve; and
wherein said movable shutter is arranged at Such a posi
tion that said shutter projects into said bore between said
ferrule received from one of said openings of said bore
and another opening, to block light emitted through said
ferrule.

2. The optical connector of claim 1, wherein said slotted
sleeve member is formed of a material to uniformly expand
and contract in said bore.

3. The optical connector of claim 1, wherein said aligning
sleeve member is detachably attached to said body.
4. An optical fiber with a connector, comprising the optical
connector of claim 1 and an optical fiber cable containing a
coated optical fiber, said ferrule being attached to a distal end
of said coated optical fiber.
5. An optical connector comprising a body and a ferrule
provided in said body and having an abutting end face,
wherein:

said optical connector comprises an aligning sleeve mem
ber provided with a cylindrical bore having openings at
opposite axial ends, said aligning sleeve member receiv
ing in a part of said bore a certain length of said ferrule
adjoining said abutting end face and being Supported at
a predetermined position with respect to said ferrule:
and wherein

said aligning sleeve member includes a slotted sleeve, said
slotted sleeve including a slit extending across a length
of the slotted sleeve, and a movable shutter having at
least a portion thereof disposed in the slotted sleeve and
provided to be passively displaceable in said bore; and
wherein said movable shutter is arranged at Such a posi
tion that said shutter projects into said bore between said
ferrule received from one of said openings of said bore
and another opening, to block light emitted through said
ferrule.

