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(54) [Title of the Invention]
Optical Connector

(57) [Claims]

[Claim 1]

An optical connector (20) comprising: optical connector plugs (24a, 24b) composed of a
multi-core optical connector ferrule (22), in which optical fibers (21A, 21B) terminate for
butt connection and are housed in a plug housing (23); and a housing (25) into which the
optical connector plugs are inserted from both sides to butt-connect the optical connector
ferrules inside,

wherein the plug housing (23) of the optical connector plug is provided with an engagement
piece (30) that engages with an inner surface of the housing when the optical connector
plug is inserted into the housing, and a release lever (29) that displaces the engagement
piece from the side,

the engagement piece protrudes in the central portion of the release lever from the plug
housing (23) toward the rear of the optical connector plug in the direction of connection,
the engagement piece (30) can also be displaced from the inner surface of the housing (25)
in the direction of the plug housing (23) to disengage the engagement piece from the
housing when the release lever protruding outward from the housing of the optical
connector plug inserted into the housing is operated and elastically deformed by pushing
against the plug housing (23) that houses the optical connector ferrule of the optical
connector plug,

a side wall (25c¢) of the housing has a notch (25b, 25e) at both axial ends of the cylindrical
housing into which the release lever enters, and

the release lever of each optical connector plug inserted into the housing is inserted into the
notch (25b) formed in the one side wall (25c¢) of the housing, with the engagement piece
(30) engaging the inner surface of the housing and protruding outward from the notches.

[Claim 2]

The optical connector according to claim 1, wherein the plurality of optical fibers (21a, 21b,
21c, 21d) terminated for butt connection in the optical connector ferrule of one optical
connector plug are arranged in parallel, the optical connector ferrule of the other optical
connector plug has a plurality of optical fibers (21e, 21f, 21g, 21h) arranged in parallel to
connect to the optical fibers arranged in the optical connector ferrule of the other optical
connector plug,

each optical connector plug is housed in a long rectangular plug housing (23) with a cross
section corresponding to the rectangular junction end face (26) of the optical connector
ferrule, and

the release lever of each optical connector plug protrudes from the side wall (23a) located
at one end of the cross-sectional longitudinal direction of the plug housing (23).

[Claim 3]
The optical connector according to claim 2, wherein the side walls (23a, 23c) on both sides
of the plug housing in the cross-sectional longitudinal direction have guide grooves (23d)

that enter guides in the housing.

[Detailed Description of the Invention]
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[0001]
[Technical Field of the Invention]

The present invention relates to an optical connector and, more specifically, to an optical
connector comprising optical connector plugs containing optical connector ferrules that can
butt-connect optical fibers, and a housing in which the optical connector plugs are inserted
to butt-connect the optical connector ferrules inside the housing.

[0002]
[Prior Art]

A so-called SC optical connector has been provided as an optical connector for switchably
connecting optical fibers. Fig. 4 shows an example of an SC optical connector 1. In Fig. 4,
the SC connector 1 has an optical connector plug 4 containing an optical connector ferrule 3
that terminates a single-core optical fiber 2 for butt connection, and a housing 5 (optical
connector adapter) into which the optical connector plug 4 can be inserted and removed.
Inside the housing 5, another optical connector ferrule is butt-connected to the optical
connector ferrule 3 in the optical connector plug 4 inserted into the housing 5.

[0003]

However, because an SC optical connector 1 requires high-precision positioning of the
optical connector ferrules 3 to establish a butt connection, high precision must be ensured
between the optical connector plug 4 and the housing 5 (less precision than between the
optical connector ferrules), and insertion/detachment resistance between the two may
increase, making switching connections and other operations inconvenient. Fig. 5 shows an
optical connector 6 developed to address this problem. In Fig. 5, the optical connector 6 has
optical connector plugs 8, 9 that contain an optical connector ferrule (not shown)
terminating a single-core optical fiber 7 for butt connection, and a housing 10 (optical
connector adapter) into which these optical connector plugs 8, 9 are inserted from both
sides and connected. The optical connector plugs 8, 9 have an engagement pawl (not
shown) that engages with the housing 10 when inserted into the housing 10. Elastic levers
11, 12 protrude from the optical connector plugs 8, 9 to disengage the housing 10 by
displacing the engagement pawl. These elastic levers 11, 12 protrude outward from the
housing 10 when the optical connector plugs 8, 9 have been inserted into the housing 10, so
they can be used to manually disengage the engagement pawl and housing 10 with ease.
This enables the optical connector plugs 8, 9 to be easily pulled out from the housing 10.

[0004]
[Problem to Be Solved by the Invention]

The optical connector 6 described above supports single-core fibers, so in order to support a
large number of optical fibers, a plurality of optical connectors must be connected in series,
which makes it difficult to reduce costs and increase density. Recently, in order to solve this
problem, a so-called R-J optical connector has been proposed, as shown in Fig. 6, which
uses optical connector plugs 14a, 14b in the form of optical connector ferrules as set forth in
JIS C 5981 with a protruding elastic lever 13 for detachment. These optical connector plugs
14a, 14b can accommodate multi-core optical fibers, and the optical connector plugs 14a,
14b can be easily pulled out of the housing 14c by operating the elastic lever 13 to
disengage the housing 14c and the engagement piece 15 when inserted in the housing 14c.
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[0005]

However, this type of optical connector is limited by the small size of the optical connector
plugs 14a, 14b and the large size of the elastic levers 13, which makes it more difficult to
remove the plugs from the housing 14c. As shown in Fig. 6, connection of the optical
connector plugs 14a, 14b requires a guide pin 17 protruding from the junction end face 16
of one optical connector plug 14a be fitted into a guide pin hole 18 formed in the other
optical connector plug 14b for precision positioning of the plugs, and mating the guide pin
17 with the guide pin hole 18 in the housing 14c by direct manipulation of the optical
connector plugs 14a, 14b is labor-intensive work. In addition, in the optical connector plugs
14a, 14b, the bare fibers (not shown) exposed at the ends of the multi-core optical fibers
19a, 19b (optical fiber tape core fibers) are arranged in parallel and secured, and when
connecting two bare fibers, the direction of the elastic levers 13, 13 between the optical
connector plugs 14a, 14b may be inverted (up and down in Fig. 6). In other words, in this
type of optical connector, to determine the connection order of the bare fibers arranged in
the optical connector plugs 14a, 14b, the optical connector plugs 14a, 14b are often
connected so that they are oriented in opposite directions relative to each other, and the
elastic levers 13 of the optical connector plug 14a, 14b protrude from the housing 14c in
opposite directions. Also, in practical R-J optical connectors, the housing 14c often includes
a groove or engagement component for positioning the elastic levers 13, and the optical
connector plugs 14a and 14b are always inserted in the normal orientation (the directions of
protrusion by the elastic levers 13 from the housing 14c being opposite each other in a
relative sense). If the directions of protrusion by the elastic levers 13 from the housing 14c
are opposite each other in a relative sense, insertion and removal of each optical connector
plug 14a, 14b into and from the housing 14c are performed in opposite directions, which is
frustrating and reduces operability. In addition, the operating space has to be reserved
around the housing 14c for the elastic levers 13, 13, which hinders the high-density
mountability of the housing 14c. In order to solve this problem, the assembly orientation of
the optical connector plugs 14a, 14b must be established beforehand to correspond to the
bare fibers to be connected at the ends of the optical fibers 19a, 19b. If the assembly
orientation of the optical connector plugs 14a, 14b has to be adjusted for each optical fiber
19a, 19b, the work is time-consuming and costs cannot be reduced.

[0006]

It is an object of the present invention by providing an optical connector in which (a) multi-
core optical connector ferrules can be easily butt-connected by simply inserting optical
connector plugs into the housing, and easily disconnected by using a release lever, and in
which (b) the size and cost of each connector can be reduced, and the desired optical fibers
can be connected by simply adjusting the direction in which the optical connector ferrule is
housed in each optical connector plug by using configuration in which the release levers of
the optical connector plugs inserted into the housing both protrude outward from one side
wall of the housing.

[0007]
[Means for Solving the Problem]

In the present invention, the means of solving the problem described above is an optical
connector comprising: optical connector plugs composed of a multi-core optical connector
ferrule, in which optical fibers terminate for butt connection and are housed in a plug
housing; and a housing into which the optical connector plugs are inserted from both sides
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to butt-connect the optical connector ferrules inside, wherein the plug housing of the optical
connector plug is provided with an engagement piece that engages with an inner surface of
the housing when the optical connector plug is inserted into the housing, and a release lever
that displaces the engagement piece from the side, the engagement piece protrudes in the
central portion of the release lever from the plug housing toward the rear of the optical
connector plug in the direction of connection, the engagement piece can also be displaced
from the inner surface of the housing in the direction of the plug housing to disengage the
engagement piece from the housing when the release lever protruding outward from the
housing of the optical connector plug inserted into the housing is operated and elastically
deformed by pushing against the plug housing that houses the optical connector ferrule of
the optical connector plug, a side wall of the housing has a notch at both axial ends of the
cylindrical housing into which the release lever enters, and the release lever of each optical
connector plug inserted into the housing is inserted into the notch formed in the one side
wall of the housing, with the engagement piece engaging the inner surface of the housing
and protruding outward from the notches. A plurality of single-core fibers or one or more
multi-core optical fibers terminate for butt connection in the optical connector ferrules. The
engagement piece can have any configuration as long as it can be engaged with and
disengaged from the housing. The release lever may have any configuration as long as it
can engage the engagement piece with the housing and disengage the engagement piece
from the housing.

[0008]

Preferably, in the present invention, as described in claim 2, the plurality of optical fibers
terminated for butt connection in the optical connector ferrule of one optical connector plug
are arranged in parallel, the optical connector ferrule of the other optical connector plug has
a plurality optical fibers arranged in parallel to connect to the optical fibers arranged in the
optical connector ferrule of the other optical connector plug, each optical connector plug is
housed in a long rectangular plug housing with a cross section corresponding to the
rectangular junction end face of the optical connector ferrule, and the release lever of each
optical connector plug protrudes from the side wall located at one end of the cross-sectional
longitudinal direction of the plug housing. In addition, as described in claim 3, the side walls
on both sides of the plug housing in the cross-sectional longitudinal direction have guide
grooves that enter guides in the housing.

[0009]
[Embodiment of the Invention]

An embodiment of the optical connector of the present invention is described below with
reference to Fig. 1 (a), Fig. 1 (b), and Fig. 1 (c) through Fig. 3. In Fig. 1 (a), the optical
connector 20 of the present invention has optical connector plugs 24a, 24b, in which an
optical connector ferrule 22 containing multi-core optical fibers 21 (four-core optical cord in
Fig. 1) terminated for butt connection is housed in a plug housing 23, and a housing 25
(optical connector adapter) into which the optical connector plugs 24a, 24b are inserted
from both sides and connected. The optical fibers 21 can have any configuration, such as a
configuration in which four optical fiber tape core fibers are housed in a coated tube, or a
configuration in which four single-core optical fibers are housed in a coated tube.

[0010]

The optical connector ferrules 22 are the so-called MT (mechanically transferrable) optical
connector ferrules set forth in JIS C 5981, and have rectangular-shaped junction end faces
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26. As shown in Fig. 1 (b), guide pin holes 27 are placed on the longitudinal end of the
junction end face 26 of the optical connector ferrule 22 of optical connector plug 24a. As
shown in Fig. 1 (c), the optical connector ferrule 22 of the other optical connector plug 24b
also has guide pin holes (not shown) with guide pins 28 fitted into the guide pin holes.
When connecting the optical connector ferrules 22, 22 in the optical connector plugs 24a,
24b, these guide pins 28 are fitted into the guide pin holes 27.

[0011]

In each optical connector plug 24a, 24b, the plug housing 23 has a rectangular cross section
that conforms to the optical connector ferrule 22, and the optical connector ferrule 22 is
freely moved back and forth in the butt connection direction (in the housing 25 direction
from each optical connector plug 24a, 24b in Fig. 1 (a)). Fig. 2 is a plan view showing the
internal configuration of the optical connector plugs 24a, 24b in Fig. 1. In Fig. 2, the plug
housings 23 contain a biasing means 23b (coil spring) that biases the optical connector
ferrule 22 in the butt connection direction. The biasing force of the biasing means 23b acts
as a butt connection force when the optical connector ferrules 22, 22 are butt-connected.
The plug housing 23 of the optical connector plug 24b houses a pin clamp 28a that clamps
and holds the guide pins 28. In optical connector plug 24b, the biasing force of the biasing
means 23b is transmitted to the optical connector ferrule 22 via the pin clamp 28a. The
biasing means may have a configuration other than that of a coil spring, such as plate
spring.

[0012]

As shown in Fig. 1 (a), a release lever 29 protrudes from one side wall 23a at one end of
the plug housing 23 for the optical connector plug 24a in the cross-sectional longitudinal
direction. The plug housing 23 can be made of a synthetic resin such as plastic, and the
release lever 29 is an elastically deformable protrusion integrally formed with the plug
housing 23 and protruding from the one side wall 23a toward the rear in the butt connection
direction. In the central portion of the release lever 29 in the direction of protrusion, an
engagement piece 30 protrudes and detachably engages the inner surface of the housing
25. The release lever 29 is usually slightly separated from the outer surface of the plug
housing 23, and the engagement piece 30 is also slightly separated from the outer surface
of the plug housing 23. When the optical connector plug 24a is inserted into the housing 25,
the engagement piece 30 simultaneously engages the inner surface of the housing 25. As
shown in Fig. 3, when the optical connector plug 24a has been inserted into the housing 25
to a certain position, the release lever 29 enters a notch 25b (described below) in the
housing 25, and the tip of the release lever 29 protrudes outward from the housing 25.
When the tip of the release lever 29 protruding from the housing 25 is manually operated
and elastically deformed by pressing it against the plug housing 23, the engagement piece
30 is displaced from the inner surface of the housing 25 toward the plug housing 23 to
disengage it from the housing 25 inner surface.

[0013]

As shown in Fig. 1 (a) and Fig. 1 (b), one side wall 23a of the plug housing 23 and the side
wall 23c opposite the one side wall 23a have guide grooves 23d that enter guides (not
shown) formed in the housing 25. Therefore, when the optical connector plug 24a is
inserted into the housing 25, the release lever 29 enters the notch 25b, and the guide
grooves 23d enter the guides on the housing 25 to provide stable support in the housing 25.
Therefore, when external force is applied to the optical connector plug 24a to one side (so-
called side pull) due to the optical fibers 21A being pulled in the direction of arrow A as
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indicated by the dotted lines in Fig. 3, the optical connector plug 24a remains stably
plugged in. The configuration of optical connector plug 24a described above is the same for
optical connector plug 24b.

[0014]

As shown in Fig. 1 (a), one side wall 23a of the plug housing 23 is brought close to the
longitudinal end of the junction end face 26 of the optical connector ferrule 22 in the plug
housing 23. As shown in Fig. 1 (b), the four bare fibers denoted by 21a to 21d are
positioned and secured in parallel on the same plane on the junction end face 26 of the
optical connector ferrule 22. The plug housing 23 contains the optical connector ferrule 22
with bare fiber 21d in close proximity to the one side wall 23a of the plug housing 23. As
shown in Fig. 1 (c), the other optical connector plug 24b has a plug housing 23 with a
release lever 29 protruding from the one side wall 23a. In this plug housing 23, bare fibers
21le to 21h are arranged in parallel on the junction end face 26 and secured to connect with
bare fibers 21a to 21d of the optical connector ferrule 22 in optical connector plug 24a. In
optical connector plug 24b, the optical connector ferrule 22 is housed in the plug housing 23
so that bare fiber 21h is in close proximity to the one side wall 23a. Bare fibers 21a to 21d
and 21e to 21h correspond to the optical fibers described in claim 2.

[0015]

The housing 25 is block-shaped, and a notch 25b is formed at the end 25a in the axial
direction where one optical connector plug 24a is inserted in the one side wall 25c where
the release lever 29 enters. The notch 25b also serves to position the optical connector plug
24a with respect to the housing 25 by allowing the release lever 29 to enter, thus enabling
the optical connector plug 24a to be inserted to a certain position in the housing 25. This
also enables the guide pins 28 to fit into the guide pin holes 27 more efficiently. A notch 25e
is also formed in the one side wall 25c at the other end 25d in the axial direction of the
housing 25. The release lever 29 of the other optical connector plug 24b is inserted into this
notch 25e.

[0016]

In this optical connector 20, the optical fibers 21A, 21B are connected by inserting the
optical connector plugs 24a, 24b into the housing 25 from both sides and butt-connecting
optical connector ferrules 22, 22 inside, as shown in Fig. 3. At this time, one optical
connector plug 24a is inserted into the housing 25 with the release lever 29 inserted into
notch 25b, and the other optical connector plug 24b is inserted with the release lever 29
inserted into notch 25b. In this way, the corresponding bare fibers 21a to 21d and 21e to
21h are connected to each other at the same time, so that bare fibers 21a and 21e, bare
fibers 21b and 21f, etc. positioned and secured at the junction end face 26 of each optical
connector ferrule 22 are connected to each other (see Fig. 1).

[0017]

When connecting bare fibers 21a to 21d and 21e to 21h in reverse order so that bare fibers
21a and 21h, bare fibers 21b and 21g, etc. are connected to each other, the housing
orientation of the optical connector ferrule 22 in the plug housing 23 of either optical
connector plug 24a, 24b is simply inverted. For example, as explained with reference to Fig.
1 (b), the optical connector ferrule 22 in one optical connector plug 24a is reversed left to
right and housed in the plug housing 23, so that bare fiber 21a is in close proximity to the
one side wall 23a of the plug housing 23. This eliminates the need to change the assembly
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operation for the optical connector ferrule 22 at the optical fiber 21A or 21B fiber ends. At
this time, the operation for connecting the optical connector ferrules 22, 22 is the same as
before the optical connector ferrule 22 was inverted, because the release lever 29 of each
optical connector plug 24a, 24b is inserted into the notches 25b, 25e in the housing 25. This
prevents improper connection of the optical connector ferrules 22, 22, and enables the
desired bare fibers 21a to 21d and 21e to 21ch to be connected properly by simply inserting
optical connector plugs 24a, 24b into housing 25 and connecting the optical connector
ferrules 22, 22 together.

[0018]

In this optical connector 20, the release lever 29 of each optical connector plug 24a, 24b is
inserted into the notches 25b, 25e of the housing 25, whether the optical connector ferrules
22, 22 are connected to each other in the forward or reverse orientation, and the release
levers 29 of both optical connector plugs 24a, 24b will both be located on the one side wall
25c of the housing 25. Therefore, sufficient operating space is secured for the release levers
29 only near the one side wall 25c of the optical connector 20, which allows for high-density
mounting. In addition, the connection orientation of the optical connector ferrules 22, 22 of
the optical connector plugs 24a, 24b can be adjusted simply by adjusting the orientation of
the optical connector ferrules 22 in the plug housing 23. When connecting bare fibers 21a to
21d and 21e to 21h in the optical connector ferrules 22, 22 in reverse order, the assembly
operation for the optical connector ferrule 22 at the ends 21A, 21B of the optical fibers does
not have to be changed, ensuring high assembly efficiency and reducing the cost of the
optical connector 20. Because the release levers 29 entering notches 25b or 25e and the
guide grooves 23d increase the resistance of the optical connector plugs 24a, 24b inserted
into the housing 25 to side pulling, misalignment of optical connector ferrules 22, 22
connected to the housing 25 is prevented, a stable connection is maintained, and low
connection loss is stably and reliably ensured.

[0019]

The optical connector of the present invention is not limited to the embodiment described
above, as various modifications are possible. For example, optical connector plug or
housings with a configuration other than the one described in the embodiment can be used,
and the shape of the release levers or engagement pieces can be changed. In addition,
optical connector plugs with a configuration that enables the optical connector ferrules to be
removed and stored is preferred, as this simplifies the work of reversing the housing
orientation of the optical connector ferrules, and the combination of optical fibers connected
by the optical connector ferrules can be easily changed. The optical connector ferrules
shown in the embodiment described above is for four-core fibers, but an optical connector
ferrule can be used that is able to accommodate non-four-core fibers, such as two-core
fibers, three-core fibers, and five-core fibers.

[0020]
[Effects of the Invention]

As explained above, the optical connector of the present invention has the following superior
effects:

(@) multi-core optical connector ferrules can be easily butt-connected to each other simply
by inserting optical connector plugs containing multi-core optical connector ferrules into the
housing from both sides, thereby enabling multiple optical paths terminated by optical
connector ferrules to be connected at the same time;
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(b) the release operation can be easily performed using release levers;

(c) the desired optical paths can be connected at the same time the optical connector
ferrules are connected to each other in the housing simply by selecting the direction in
which the optical connector ferrules is housed in the optical connector plug; and

(d) there is no need to change the assembly operation for the optical connector ferrule at
the optical fiber ends because of (c), thereby maintaining high efficiency when assembling
optical connector ferrules and lowering costs.

[0021]

In addition, the present invention has a configuration in which the release levers of both
optical connector plugs inserted into the housing protrude outward from one side wall of the
housing, leading to the following superior effects:

(e) the space required for the release levers to protrude from the housing and the space
required for operating the release levers are small, enabling high-density mounting of the
optical connector; and

(f) the release levers make it easy to determine the direction in which the optical connector
plugs are inserted into the housing, so that the desired optical fiber paths can be easily
connected to each other.

[Brief Description of the Drawings]

[Fig. 1]

Fig. 1 are views showing the optical connector in the first embodiment of the present
invention, in which (a) is an exploded perspective view, (b) is an enlarged perspective view
showing the tip of plug housing containing an optical connector ferrule with no guide pins

inserted, and (c) is an enlarged perspective view showing the tip of plug housing containing
an optical connector ferrule with guide pins inserted.

[Fig. 2]

Fig. 2 is a plan view showing the internal structure of the optical connector in Fig. 1.
[Fig. 3]

Fig. 3 is a perspective view showing the connected optical connector in Fig. 1.

[Fig. 4]

Fig. 4 is an exploded perspective view of an SC optical connector.

[Fig. 5]

Fig. 5 is a front view showing a single-core optical connector with an elastic release lever on
the optical connector plug.

[Fig. 6]

Fig. 6 is a front view showing a multi-core optical connector with an elastic release lever on
the optical connector plug.

[Reference List]
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20: Optical connector

21A, 21B: Optical fiber (multi-core optical fiber, four-fiber optical cord)
21a, 21b, 21c, 21d, 21e, 21f, 21g, 21h: Optical fiber (bare fiber)

22: Optical connector ferrule

24a, 24b: Optical connector plug

25: Housing (optical connector adapter)

25c: Side wall

29: Release lever

30: Engagement piece
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[Fig. 1]

[Fig. 2]
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[Fig. 3]
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[Fig. 4]

[Fig. 5]
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