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ferrule. The first fiber optic connector is mounted within a first
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into the sleeve. An outer housing is threadably mounted about
both the first and second threaded bodies when the second
threaded body is engaging the proximal end of the first
threaded body. The first and second threaded bodies and the
outer housing cooperate to hold the first connector engaging
the adapter.
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1
RUGGEDIZED FIBER OPTIC CONNECTION

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

FIELD OF THE INVENTION

The present invention relates generally to fiber optic con-
nectors and adapters. More specifically, the present invention
relates to a ruggedized housing for securely connecting and
environmentally sealing fiber optic connectors and adapters.

BACKGROUND

In telecommunications networks, optical fiber service con-
nections to customers are becoming more popular. As the use
of optical fiber is extended to more customers directly, the
need for improved optical fiber connectors that are able to
withstand adverse environmental conditions has increased.
Known optical fiber connector and adapter combinations are
suitable for connecting optical fiber cables but are not well
suited to withstanding adverse weather conditions. Rugge-
dized fiber optic connection systems are desirable.

In existing telecommunications installations, it is known to
have overhead cables providing service to customers. Other
service connections or drops also potentially place the service
drop cable under some amount of tension or strain. For such
service connections, it is known to use an armored cable or a
drop cable with added strength members. In conjunction with
such service drops, it is desirable to provide drop cable con-
nections which are capable of withstanding the tension or
strain exerted by the cable. It is also desirable that these drop
cable connections be made with standardized connector and
adapter combinations for consistency with other optical fiber
connectors and adapters in use in the telecommunications
network.

It is also desirable that these drop cable connections be
made in the field without the need for field termination of the
cables.

SUMMARY

The present invention relates to a fiber optic cable connec-
tion system comprising a first fiber optic connector including
a ferrule within which an optical fiber is mounted and a fiber
optic adapter for receiving the first fiber optic connector
including a sleeve for receiving the ferrule. The first fiber
optic connector is mounted within a first threaded body with
the fiber optic cable extending through an opening in a distal
end of the first threaded body and the ferrule accessible
through a proximal end of the first threaded body. The fiber
optic adapter is mounted within a second threaded body and
the second threaded body adapted for mounting to a bulk-
head. The second threaded body adapted to engage the proxi-
mal end of the first threaded body with the first connector
engaging the adapter and the ferrule extending into the sleeve.
An outer housing is threadably mounted about both the first
and second threaded bodies when the second threaded body is
engaging the proximal end of the first threaded body. The first
and second threaded bodies and the outer housing cooperate
to hold the first connector engaging the adapter.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate several
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aspects of the present invention and together with the descrip-
tion, serve to explain the principles of the invention. A brief
description of the drawings is as follows:

FIG. 1 is a side view of a fiber optic connection system
according to the present invention.

FIG. 2 is a side view of the fiber optic connection system of
FIG. 1, with an outer housing partially unthreaded from about
first and second threaded bodies.

FIG. 3 is a side view of the fiber optic connection system of
FIG. 2, with the first and second threaded bodies separated
from each other.

FIG. 4 is an end view of the side view of the fiber optic
connection system of FIG. 1.

FIG. 5 is a cross-sectional side view of the fiber optic
connection system of FIG. 1.

FIG. 6 is a perspective view of a cable end assembly of the
fiber optic connection system of FIG. 1.

FIG. 7 is a side view of the cable end assembly of FIG. 6.

FIG. 8 is a cross-sectional side view of the cable end
assembly of FIG. 6.

FIG. 9 is an exploded perspective view of the cable end
assembly of FIG. 6.

FIG. 10 is a perspective view of the bulkhead assembly of
the fiber optic connection system of FIG. 1.

FIG. 11 is a side view of the bulkhead assembly of FIG. 10.

FIG. 11A is a side view of an alternative bulkhead assem-
bly mounted to a bulkhead.

FIG. 12 is a cross-sectional side view of the bulkhead
assembly of FIG. 10.

FIG. 13 is a perspective view of a second embodiment of a
ruggedized fiber optic connection system in accordance with
the present invention.

FIG. 14 is an exploded perspective view of the fiber optic
connection system of FIG. 13.

FIG. 15 is an end view of an adapter body for use with the
fiber optic connection system of FIG. 13.

FIG.161s a side cross-sectional view of the adapter body of
FIG. 15.

FIG. 17 is side view of a third embodiment of a ruggedized
fiber optic cable connection system incorporating features of
the first and second embodiments.

DETAILED DESCRIPTION

Reference will now be made in detail to the exemplary
aspects of the present invention that are illustrated in the
accompanying drawings. Wherever possible, the same refer-
ence numbers will be used throughout the drawings to refer to
the same or like parts.

FIGS. 1 to 5 show a fiber optic connection system 10 for
connecting a service drop cable 12 or other cable to a fiber
optic telecommunications network. System 10 provides
weather or harsh environment protection to a optical fiber
connection housed within system 10. System 10 also provides
a degree of resistance to tension from cable 12 which may be
acting to pull a connector 22 from an adapter 18 within system
10.

Referring now to FIGS. 1 to 3, connector 22 is mounted
within a cable end assembly 44 and adapter 18 is mounted to
abulkhead assembly 54. Also included in cable end assembly
44 are an outer housing 20 threaded received about a first
threaded body 14. Cable end assembly 44 also includes a
cable mount 30 to which cable 12 is physically connected and
to which connector 22 is mounted. Cable mount 30 extends
within first threaded body 14 and through outer housing 20.

Bulkhead assembly [56] 54 includes adapter 18 having a
first end 24 for receiving an optical fiber connector such as
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connector 22 and a second end 26. Second end 26 as shown in
also configured to receive a fiber optic connector such as
connector 22. While both ends 24 and 26 are shown config-
ured to receive a standard SC connector, it is anticipated that
other styles and formats of optical fiber connectors may be
used with the present invention. It is also anticipated that first
end 24 and second end 26 may receive different format or
style optical fiber connectors. Bulkhead assembly [56] 54
also includes a second threaded body 16 through which
adapter 18 is mounted. Second threaded body 16 includes a
rear face 58 which adapted to fit against an outer wall of a
bulkhead with second end 26 and first end 24 of adapter 18 on
opposite sides of the bulkhead. As system 10 is adapted to seal
the connector 22 within first end 24 of adapter 18 against
tension and adverse environmental effects, it is anticipated
that first end 22 will be positioned on the side of the bulkhead
most likely to be subjected to such conditions. Examples of
such an installation include mounting bulkhead assembly
[56] 54 to an outer wall of a junction box housing mounted
atop a utility pole.

First threaded body 14 and second threaded body 16
engage each other, as will be described further below, and
form a continuous thread for outer housing 20 to threadably
engage. A first end 21 of outer housing 20 engages an o-ring
28 mounted about first threaded body 16 opposite rear face
58. O-ring 28 forms a weather resistant seal between first end
21 of outer housing 20 and second threaded body 16. As will
be described further below, a second o-ring 34 (shown in FI1G.
5) about cable mount 30 is engaged by a second end of outer
housing 20 to provide a weather resistant seal between outer
housing 20 and first threaded body 14.

Connector 22 includes a ferrule 23 where an end of an
optical fiber of cable 12 is terminated. Adapter 18 includes a
sleeve 42 within a central opening 32 sized to receive ferrule
23 when connector 22 is received within first end 24 of
adapter 18. Sleeve 42 also extends within second opening 26
to receive a ferrule of a fiber optic connector inserted within
second end 26 of adapter 18. The ferrule of two connectors
inserted within the two ends of adapter 18 aligned with each
other within central opening 32 so that optical signals may be
transferred between the cables terminated at each of the fer-
rules. Adapter 18 and connector 22 are described in further
detail in U.S. Pat. No. 5,317,663, the disclosure of which is
incorporated herein by reference. U.S. Pat. No. 5,317,663
describes an SC type connector and adapter.

FIGS. 4 and 5 show rear face 58 about adapter 18 of system
10. Central opening 32 is axially aligned with sleeve 42 and
ferrule 23 is positioned within sleeve 42. O-ring 34 is posi-
tioned about cable mount 30. Cable mount 30 also includes a
central shaft 40 about which outer housing 20 is rotatably
positioned. A shoulder 62 defines the widest portion of cable
mount 30 and is closely matched in size to an inner diameter
of outer housing 20 while still allowing free movement and
rotation of outer housing 20 about cable mount 30. A keyed
feature 36 of first threaded body 14 engages a second inter-
locking keyed feature 38 of second threaded body 16. An
optical fiber (not shown) extends within a central opening 13
of cable 12 and extends through cable mount 30 and connec-
tor 22 to terminate at ferrule 23. Additional openings 11 in
cable 12 provide passage for strength members to extend.
These strength members are physically attached to cable
mount 30 when cable 12 is terminated at cable end assembly
44.

FIGS. 6 to 9 show first threaded body [12] /4 of cable end
assembly 44 including threads 52 on an outer wall and threads
50 on an inner wall of outer housing 20. Threads 50 and 52
mesh with each other. First threaded body 14 includes a
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central opening 48 sized to receive a outer shell 25 of con-
nector 22 so that shell 25 is fixed rotationally and longitudi-
nally with respect to first threaded body 14. Cable mount 30
includes a central opening 46 axially aligned with ferrule 23
of connector 22 so that the optical fiber from cable 12 may
extend to ferrule 23. Connector 22 also includes an inner shell
27 to which ferrule 23 is mounted and which is in turn
mounted within opening 46 of cable mount 30. Outer shell 25
also includes recesses 61 for receiving catches 60 of adapter
18 (described below with regard to FIG. 12). Keyed feature 36
of threaded body 14 is configured such that second threaded
body 16 and adapter 18 may be engaged in only one rotational
orientation.

FIGS. 10 to 12 show bulkhead assembly 54 included
threads 56 formed about an outer surface of second threaded
body 16. Threads 56 are compatible with threads 50 and 52.
When first threaded body 14 and second threaded body 16 are
aligned such that keyed features 36 and 38 are properly
aligned and adapter 18 engages connector 22, threads 52 and
56 are aligned with each other so that threads 50 of outer
housing 20 is able to be threaded over both the first and second
threaded bodies. Catches 60 within first and second ends 24
and 26 of adapter 18 engage recesses 61 in outer shell 25 of
connector 22. Adapter 18 includes a pair of clips [62] 64
which extends from opposite sides of adapter 18 and releas-
ably mounts adapter 18 within second threaded body 16. First
end 24 of adapter 18 is inserted through an opening in rear
face 58 until clips [62] 64 extend as shown in FIG. 12. Clips
64 engage a front face 59 opposite rear face 58 and a pair of
opposing shoulders 63 of adapter 18 engage rear face 58.
Clips 64 and shoulders 63 cooperate to mount adapter 18 to
second threaded body 16.

Referring now to FIG. 11A, an alternative embodiment
second threaded [portion] body 116 is shown mounted to a
bulkhead 70. Rear face 58 is positioned [againsty] against
bulkhead 70 and second end 26 of adapter 18 extends through
bulkhead 70 to a side opposite first end 24. Second threaded
body 116 includes a second threaded portion 156 extending
opposite threads 56 through bulkhead 70. A nut 158 is
threaded onto second threaded portion 156 and cooperates
with rear face 58 to mount second threaded body 116 to
bulkhead 70. Other mounting methods are anticipated for
mounting second threaded bodies 16 and 116 to bulkhead 70.
A clip such as clip 64 may be mounted about the second end
of'adapter 18 and also cooperate with shoulders 63 to mount
second threaded body 16 within an opening in bulkhead 70.

Referring now to FIGS. 13 to 16, a second embodiment 100
of a ruggedized fiber optic connection system. System 100
includes a cable end assembly 102, a bulkhead assembly 104
and an adapter body 106. Mounted within each bulkhead
assembly 104 is a connector 22 in a female housing end 118.
Mounted within each cable end assembly 102 is another
connector 22 in a female housing end 120. Each of these
connectors 22 includes a ferrule 23 within which an optical
fiber is terminated. Adapter body 106 includes an adapter 18
mounted within and accessible through opposing male hous-
ing ends 114. When one of the male housing ends 114 is
inserted within one ofthe female housing ends 118 or 120, the
connector 22 within the female housing end is received within
one of ends 24 and 26 of adapter 18.

Also, when one of the male housing ends 114 is inserted
within one of the female housing ends 118 or 120, a latching
mechanism 116 positioned about each of the male housing
ends 114 engages mating surfaces (not shown) inside the
female housing ends. Latching mechanism 116 and the mat-
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ing surfaces within the female housing ends releasably and
securely hold system 100 together to resist tension from cable
12.

Bulkhead assemblies 104 are mounted to a bulkhead 109 of
a service drop housing 108. Within service drop housing 108,
a fiber optic cable extends to each bulkhead assembly 104.
These interior cables include optical fibers but may or may
not include any strength members.

Referring to FIGS. 13 and 14, the three topmost bulkhead
assemblies 104 have adapter bodies 106 inserted within open-
ings 118. On the opposite end of these adapter bodies 106, a
plug assembly 110 is inserted into each of the openings 114.
Plug assembly 110 includes the same external surfaces and
shape of cable end assembly 102 and includes a connector
122. Connector 122 is identical to connector 22 except that no
fiber is terminated within ferrule 23. Plug assembly 110 is
adapted to seal opening 118 from adverse weather in the same
way that cable end assembly 102 and acts as a placeholder to
permit surplus bulkhead assemblies to be placed on housing
108 in anticipation of future expansion of service. Referring
now to FIG. 16, note that an end cap 112 is positioned about
each of the ends 114 to prevent entry of foreign matter or
contaminants within adapter 18.

One of the features of system 100 is that access is provided
to the end face of each ferrule holding an optical fiber during
installation system 100. For example, to activate a new ser-
vice drop, assuming that a bulkhead assembly 104 was avail-
able for use, a field technician might remove plug assembly
110 from adapter housing 106 and adapter housing 106 from
bulkhead assembly 104. The technician could then inspect,
and if necessary clean the end face of ferrule 23 of connector
22 within bulkhead assembly 104. Adapter body 106 might
then be replaced with end 114 recevied within end 118 and
ferrule 23 of connector 22 of bulkhead assembly 104 inserted
within sleeve 42. The new service drop cable 12 with a cable
end assembly 102 might then be cleaned and inspected for
contaminates on ferrule 23. If the drop cable is suitable, end
120 might be inserted within the opposite end 114 of adapter
body 106 with ferrule 23 received within sleeve 42. The two
ferrules 23 within sleeve 42 are brought into alignment with
each other to permit the passage of optical signals from one
optical fiber to the other.

It is anticipated that system 100 might be adapted for use
with the threaded bodies of system 10. Such a third embodi-
ment system 200 is shown in FIG. 17. System 200 includes
first threaded body 14 with a connector 22 attached to cable
12 with outer housing 20 threadably mounted. A second
threaded body 216 includes adapter 18 as with the other
second threaded bodies described above but is not adapted for
mounted to a bulkhead. Second threaded body 216 is threaded
end to end with threads 222 for threadably receiving outer
housing 20 with ferrule 23 of connector 22 inserted within
firstend 24. A third threaded body 218 is mounted to bulkhead
70 and includes an adapter 22 mounted to a optical fiber cable
212 and having an optical fiber of cable 212 terminated at a
ferrule 23. Third threaded body 218 includes threads 220 for
threadably receiving outer housing 20 when ferrule 23 of
connector 22 is inserted within second end 26 of adapter 18.

The above specification, examples and data provide a com-
plete description of the manufacture and use of the invention.
Since many embodiments of the invention can be made with-
out departing from the spirit and scope of the invention, the
invention resides in the claims hereinafter appended.

What is claimed is as follows:

1. A fiber optic cable connection system comprising:

a first fiber optic connector with a first end and a second

end, the second end mounted to an end of a fiber optic
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cable, and the first end including a ferrule within which
an optical fiber of the fiber optic cable is mounted;

a fiber optic adapter including a first end for receiving the
first fiber optic connector, the first end including a sleeve
for receiving the ferrule and aligning the optical fiber
within the ferrule with a longitudinal axis of the sleeve;

the first fiber optic connector mounted within a first
threaded body with the fiber optic cable extending
through an opening in a distal end of the first threaded
body and the ferrule accessible through a proximal end
of the first threaded body;

the fiber optic adapter mounted within a second threaded
body and the second threaded body adapted for mount-
ing to a bulkhead;

the second threaded body adapted to engage the proximal
end of the first threaded body with the first end of the first
connector engaging the first end of the adapter and the
ferrule of the connector extending into the sleeve of the
adapter;

an outer housing threadably mounted about both the first
and second threaded bodies when the second threaded
body is engaging the proximal end of the first threaded
body; and

the first and second threaded bodies and the outer housing
cooperating to hold the first end of the first connector
engaging the first end of the adapter.

2. The fiber optic cable connection system of claim 1,
wherein the first fiber optic connector is a standardized fiber
optic connector and the first end of the adapter is adapted to
receive the standardized fiber optic connector.

3. The fiber optic cable connection system of claim 2,
wherein the first connector is an SC connector and the first
end of the adapter is adapted to receive the SC connector.

4. The fiber optic cable connection system of claim 1,
wherein the fiber optic adapter further includes a second end
for receiving a second fiber optic connector with a ferrule, the
second end including a sleeve for receiving the ferrule of the
second connector and aligning an optical fiber within the
ferrule of the second connector with the optical fiber within
the ferrule of the first connector.

5. The fiber optic cable connection system of claim 4,
wherein the second fiber optic connector is a standardized
fiber optic connector and the second end of the adapter is
adapted to receive the standardized fiber optic connector.

6. The fiber optic cable connection system of claim 5,
wherein the second connector is an SC connector and the
second end of the adapter is adapted to receive the SC con-
nector.

7. The fiber optic cable connection system of claim 1,
wherein a first o-ring is positioned about the fiber optic cable
adjacent the distal end of the first threaded body, a second
o-ring is positioned about the second threaded body, and the
outer housing engages both o-rings to environmentally seal
the first ends of the first connector and the adapter.

8. The fiber optic cable connection system of claim 1,
wherein the second threaded body is fixedly mounted to a
bulkhead and the threaded bodies and the outer housing coop-
erate to transfer tension from the cable to the bulkhead with-
out disengaging the first end of the first connector from the
first end of the adapter.

9. A fiber optic cable connection system comprising:

a fiber optic connector with a first end and a second end,
the second end mounted to an end of a fiber optic cable,
and the first end including a ferrule within which an
optical fiber of the fiber optic cable is mounted;

the fiber optic adapter including a first end for receiving
the first fiber optic connector, the first end including a
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sleeve for receiving the ferrule and aligning the optical
fiber within the ferrule with a longitudinal axis of the
sleeve;

a first fastening arrangement for securing the fiber optic
connector within the first end of the fiber optic adapter;
and

a second fastening arrangement for securing the fiber optic
connector within the first end of the fiber optic adapter;

wherein the first fastening arrangement includes at least
one latch member, and the second fastening arrange-
ment includes a threaded coupling.

10. The fiber optic cable comnnection system of claim 9,
wherein the at least one latch member is provided at the fiber
optic adapter, and wherein the at least one latch member
engages a portion of the fiber optic connector to secure the
fiber optic connector within the fiber optic adapter.

11. The fiber optic cable comnnection system of claim 9,
wherein the threaded coupling includes a threaded member
that mounts over the fiber optic connector and is rotatable
relative to the fiber optic connector, and wherein the threaded
coupling also includes a threaded portion provided at the first
end of the fiber optic adapter that threadedly engages the
threaded member to secure the fiber optic connector within
the fiber optic adapter.

12. A fiber optic connector assembly comprising:

a plug arrangement including:

a first body;

at least one shell positioned at least partially within the
first body;

a ferrule positioned at least partially within the at least
one shell;

an outer housing positioned avound the first body of the
plug arrangement, the outer housing defining inner
threads;

a receptacle arrangement that receives the plug arrange-
ment, the receptacle arrangement including a second
body having outer threads, the outer housing and the
second body being threaded together through interac-
tion of the inner and outer threads to secure the plug
arrangement within the receptacle arrangement,; and

the at least one shell including a first keying element and
the first body including a second keying element, the first
and second keying elements interfacing with the recep-
tacle arrangement to ensure that the plug arrangement
is inserted into the receptacle arrangement at a prede-
termined rotational orientation.

13. The fiber optic comnector assembly of claim 12,

wherein the first body is generally cylindrical.

14. The fiber optic comnector assembly of claim 12,
wherein the at least one shell includes an inner shell and an
outer shell, and wherein the first keying element is provided
on the outer shell.

15. The fiber optic comnector assembly of claim 14,
wherein the first keying element includes a vail.

16. The fiber optic comnector assembly of claim 12,
wherein the second keying element includes a key member
that fits within a corresponding key receiver of the receptacle
arrangement.

17. The fiber optic comnnector assembly of claim 12,
wherein the second keying element includes a key veceiver
that receives a corresponding key member of the receptacle
arrangement.

18. The fiber optic comnector assembly of claim 17,
wherein the plug assembly defines a central longitudinal axis,
wherein the key receiver and the first keying element are
aligned along a plane that extends along the central longitu-
dinal axis and that bisects the plug assembly, and wherein the
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key receiver is positioned a further radial distance outward

from the central longitudinal axis than the first keying ele-

ment.

19. The fiber optic conmector assembly of claim 17,
wherein the plug assembly defines a central longitudinal axis,
and wherein the key receiver is positioned a further radial
distance outward from the central longitudinal axis than the

first keying element.

20. A fiber optic cable and connector assembly compris-

ing:

a fiber optic cable including an optical fiber, the fiber optic
cable also including first and second strength members
positioned at opposite sides of the optical fiber, the fiber
optic cable further including a jacket surrounding the
optical fiber and the first and second strength members,
the jacket defining an elongate transverse cross-sec-
tional shape;

a plug arrangement including:

a first body defining a central longitudinal axis, the first
body having a front end and a rear end, the front end
including two axially extending key members posi-
tioned at opposite sides of the central longitudinal
axis;

a shell positioned at least partially within the first body;

a ferrule positioned at least partially within the shell, the
ferrule veceiving an end of the optical fiber of the fiber
optic cable;

a spring positioned within the shell for biasing the fer-
rule in a_forward divection;

a spring retainer that vetains the spring within the shell;
and

a cable mount including a cable receiving portion posi-
tioned rearward of the spring retainer, the first and
second strength members of the fiber optic cable
being physically attached within the cable receiving
portion of the cable mount;

an outer housing positioned around the first body of the
plug arrangement, the outer housing defining first
threads;

a receptacle arrangement for receiving the plug arrange-
ment, the receptacle arrangement including a second
body, the receptacle arrangement also including a fiber
optic adapter that receives an end portion the ferrule
when the plug arrangement is inserted within the recep-
tacle arrangement, the fiber optic adapter being posi-
tioned at least partially within the second body, the
second body including oppositely positioned key receiv-
ing portions that veceive the key members of the first
body to ensure that the plug arrangement is oriented at
a predetermined rotational orientation when the plug
arrangement is inserted within the receptacle arrange-
ment; and

the second body including second threads, the outer hous-
ing and the second body being threaded together
through interaction of the first and second threads to
secure the plug arrangement within the receptacle
arrangement.

21. The fiber optic cable and connector assembly of claim

20, wherein the jacket defines a first passage for receiving the

first strength member and a second passage for receiving the

second strength member.

22. The fiber optic cable and connector assembly of claim
20, wherein the jacket generally has top and bottom sides
interconnected by oppositely positioned curved sides, the top
and bottom sides defining a width, the curved sides defining a
height, the width being greater than the height.

#* #* #* #* #*



