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> | S The present invention generally relates to
) ' devices for interconnecting optical fibers, and more
. ' particularly to a combination dust cap and actuation tool
. ' for an adhesiveless fiber optic connector.
: 2. _Description of the Prijor Art
10 Optical fibers have now surpassed copper wire

as the preferred medium for telecommunications. As with
~ copper wire, it often becomes necessary to interconnect
optical fibers, for example, during installation or
repair. The present invention is directed to a tool used
15 to secure an optical fiber to a fiber optic connector, in
order to complete and install such interconnections. In
this regard, a fiber optic "connector" often refers to a
device which allows repeatable engagement and
disengagement of the cable, while a "splice" typically
20 refers to a device which is used for the permanent
~attachment of two cable ends. These terms should not,
however, be construed in a limiting sense as used herein
since the present invention is applicable to the
installation of all classes of fiber optic interconnec-
25 tion devices. .

’ The prior art includes ferrule-type fiber optic
connectors having a cylindrical member (the ferrule)
usually made of a ceramic material, zirconia, or alumina,
with a central bore for receiving the fiber. The ferrule

30 _ is held by a collar which in turn may be surrounded by
-'Efone of many different coupling shells. For example, a
“coupling shell having a bayonet-style latching mechanism
is commonly referred to as an "ST" connector. An
alternative shell having rampéd surfaces which latch onto
35 lever arms of a receptacle is known as an "SC" connector.
;%Yet another shell having a simple threaded nut is known
as an "FC" connector. There are many conventional
techniques for securing an optical fiber in ferrule
connectors. One of the most common is the use of a crimp
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tube which clamps the fiber optic cable reinforcing

members (i.e., KEVLAR strands)‘to a backbone attached to

the ferrule collar. See, e.g., U.S. Patent No.

5,140,362. This technique requires the use of a plier-

like crimping tool to compress the crimp tube about the

backbone. :
. In another technique, illustrated in U.S.

Patent Nos. 5,088,804 and 5,102,211, an adhesiveless

optical fiber termination is assembled by driving two

telescoping workpieces together, compressing an

elastomeric system seated within one of the workpieces to

secure the optical fiber therein. This technique uses a

different,. rather comnlicated. tonl having twn nrmimary ?

elements which hold the workﬁieces and move toward one

another for actuation. See also U.S. Patent Nos.

5,080,460 and 5,131,063.

In U.S. Patent No. 5,040,867, the fiber itself
is secured in a clamping member within the ferrule
collar, and the cable reinforcing strands are
additionally secured by a crimping sleeve onto a
backbone. In that design, a locking member slides over
the ferrule collar and clamping member to secure the
fiber. The locking member is actuated by another hand-
held tool which moves the locking member along the axial
direction of the fiber into the rear end of the ' ’
connector. A separate dust cap is used to secure the
forward end of the connector in the tool without damaging
the ferrule. -’

One problem not addressed by these techniques
is the proper positioning of the terminal end of the
fiber, for example, to coincide with the end face of the
ferrule. The foregoing techniques not only fail to take
this problem into consideration, but they further make
proper positioning difficult since the tools used to
activate these connectors are designed to apply an axial
force, i.e., parallel with the fiber axis, which tends to :
cause the fiber itself to move relative to the connhector :
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during the clamping process. Thus, precise registration
of the fiber relative to the ferrule is impossible.
. : Insertion of the connector into the assembly tool also
adds a level of difficulty to the installation process.
' 5 It would, therefore, be desirable to devise a tool which
activates the clamping member of a fiber optic connector
without disturbing the position of the fiber. It would’
further be advantageous to devise such a tool which
. precisely controls the position of the terminal end of
10 the fiber with respect to the ferrule. It would also be
* desirable to incorporate such a tool into a dust cap for

the connector to simplify installation of the fiber.

Summary of the Inventjion

15 : The present invention provides an actuation
tool for an opticai connector generally comprising a tool
body having a cavity therein for removably receiving the '
forward end of the connector, and means for actuating the

_ clanping member of the connector by exerting a force
20 generally perpendicular to the fiber axis, rather than
'~ parallel thereto. In the preferred embodiment, the
actuation means comprises a cantilever arm attached to
the tool body, the arm having a boss at its distal end
* positioned with respect to the cavity in the tool body
25 such that the boss is approximately adjacent to the
clamping member of the connector when the forward end of
the connector is inserted in the cavity.
The terminal end of the fiber may be precisely
registered to coincide with the ferrule end face by
: 30 providing a cavity which is designed to receive the
' - connector such that the ferrule end face is mounted flush
with the bottom surface of the cavity. Alternatively,
" the terminal end of the fiber may be precisely positioned
slightly beyond the ferrule end face by providing a
35 depression of known depth in the center of the bottom
surface of the cavity, such that the fiber protrudes
beyond the ferrule end face by a controlled length.
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The tool is advantageously constructed in the
- form of a disposable dust cap so that it may be pre-
installed from the factory, thereby eliminating the need
to insert the connector into an assembly tool prior to
5 fiber insertion, and providing the impression of an

essentially tool-less connector. The combination dust
cap/actuation tool may be modified for use with ST, sc,
FC and even biconic-type connectors.

10 Brief pescription of the Drawijngs

The invention will best be understood by
reference to the accompanying drawings, wherein:
Figure 1 is a longitudinal cross-section of a
prior art fiber optic connector;
15 Figure 2 is a transverse cross~section of the
connector of Figure 1, depicting the internal clamping

element in its unactuated state;
Figure 3 is similar to the transverse cross-

section of Figure 2, but depicts the internal clamping
20 element in its actuated state;
Figure 4 is a top plan view of one embodiment
of the actuation tool of the present invention;
Figure 5 is a sectional view of the tool of
Figure 4 taken along lines 5-~5 thereof; -

25 Figure 6 is a sectional view of the tool of ,
Figure 4 taken along lines 6~6 thereof;

Figqure 7 is similar to the sectional view of
Figure S5, additionally depicting the insertion of an ST
connector;

30 Figure 8 is a detail view of Figure 7
illustrating the precise positioning of the terminal end
of the optical fiber with respect to the connector;

_ Figure 9 is a top plan view of another
embodiment of the actuation tool of the present

35 invention;
Figure 10 is a sectional view of the tool of

Figure 9 taken along lines 10~-10 thereof;
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Figure 11 is a sectional view of the tool of
Figure 9 taken along lines 11-11 thereof; and _
Figure 12 is similar to the sectional view of
. - Figure 11, additionally depicting the insertion of an scC
5 connector.

o bodj
With reference now to the figures, and in
particular with reference to Figures 1-3, there is
10 depicted an adhesiveless, ferrule connector 10.
Connector 10 is the subject of U.S. Patent Application
Serial No. 07/871,399 and is described more fully in that
application. Connector 10 is generally comprised of a
tubular housing 12 and a ferrule 14 attached to housing
15 12 by means of a ferrule holder or collar 16. In the
depicted embodiment, collar 16 has an alignment pin 17
which keys (mechanically polarizes) connector 10 to
prevent rotation of ferrule 14 as the connector is
inserted into a conventional receptacle (the receptacle
20 is not shown). Ferrule 14 has a bore 18 therethrough for
receiving the terminal portion of the optical fiber to be
interconnected. Connector 10 includes many other
* ' convantional components, such as a strain relief boot 21,

which are commonly used in prior art connectors.

25 , Collar 16 also includes a plug or camming
element 20 which engages a fiber gripping element 22.
Fiber gripping element 22 has a groove 24 therein which
is generally aligned with a bore 26 of collar 16, and
with the bore 18 of ferrule 14. An optical fiber

30 27 enters the rear end of connector 10, passing through
bore 26, fiber gripping element 22, and bore 18. The

- terminal end of the fiber is usually positioned to

. coincide with the end face of ferrule 14. Camming

' element 20 and fiber gripping element 22 are similar to

35 the fiber optic splice disclosed in U.S. Patent No.
4,865,412. 'As best seen in Figures 2 and 3, fiber
gripping element 22 has two plates or legs 32 and 34
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which share a common hinge. As camming element 20 is
forced from its open, unactuated state (Figure 2) to its
closed, actuated state (Figure 3), side bars of camming
element 20 forcibly urge legs 32 and 34 toward one
§ another, clamping fiber 27 therebetween. Thus, fiber 27 -

may be secured in connector 10 without the use of epoxy '
or other adhesives. Camming element 20 may have detentes |
or bumps 44, 46, 48 and 50 formed on the outer surface
thereof which engage corresponding notches in collar 16

10 to secure camming element 20 in the open and closed
states. An opening 51 is provided in housing 12 to allow
access to camming element 20 so that it may be pushed
down; actually, the depicted embodiment of connector 10
is an ST connector in which opening 51 is formed to

15 receive a lug on the connector receptacle, thereby
providing a bayonet-style latching mechanism.

With further reference to Figures 4-7, those
figures illustrate one embodiment 60 of the novel
actuation tool of the present invention. Tool 60 is

20 designed for use with connector 10, and generally
comprises a tool body 62 and an actuation arm 64 attached
to body 62; arm 64 is preferably integrally formed with
body 60. Accordingly, while tool 60 may be formed of any

" durable material, it is preferably constructed of a

25 resilient polymer which is injection moldable, such as
RADEL (a polyethersulfone) sold by Amoco. Body 62 has a
cavity 66 therein for receiving the forward end of
connector 10. Cavity 66 includes two portions of
different inner diameters for respectively receiving

30 collar 16 and ferrule 14. Tcol 60 may take the form of a
disposable dust cap which is pre-installed on connector
10 at the factory. Those skilled in the art will
appreciate that pre-installation eliminates the need to’

: insert the connector into an assembly tool prior to fiber

35 insertion, thus simplifying the connector assembly, and
providing the impression of an essentially tool-less
connector. Of course, tool 60 also prevents

R
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contamination of the forward end of connector 10 during
handling. In order to ensure that tool 60 remains on
connector 10 during shipment, the (largest) inner
diameter of cavity 66 is preferably approximately equal
to the outer diameter of collar 16; similarly, the
portion of body 62 having cavity 66 therein is preferably
a cylindrical extension 68 whose outer diameter is
approximately equal to the inner diameter of housing 12.
In this manner, when connector 10 is inserted in tool 60
(Figure 7), it is held snugly therein by a friction fit.
Turning now to Figure 7, operation of the
actuation tool 60 of the present invention is relatively

- straightforward. First, the forward end of connector 10

is inserted into cavity 66. As previously noted, this
step may be performed at the factory. It may be seen
from Figure 7 that the smaller diameter portion of cavity
66 (which receives ferrule 14) need not have a length
which is exactly equal to ferrule 14, i.e., the length of
this portion of the cavity may be shorter than the length
of ferrule 14 extending beyond collar 16. The next step
is insertion of the fiber into connector 10, i.e., by
threading it into bore 26 of collar 16. The fiber should
be fully inserted until it abuts the bottom surface of
cavity 66. As further explained below, care should be
taken during this and the following step to ensure that
connector 10 is fully inserted into tool 60, i.e., with
the end face of ferrule.l4 also abutting the bottom
surface of cavity 6s. When the connector is properly
inserted, camming element 20 is generally located
adjacent a button or boss 70 formed on actuation arm 64.
In the embodiment 60 of the present invention which is

~designed for an ST connector, cylindrical extension 68

has a slot 72 therein for receiving keying pin 17.
Keying the tool in this manner also conveniently aligns
boss 70 over slot 51 and camming element 20.

When the fiber and connector are in proper

position. fiber gripping element is actuated by
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depressing actuation arm 64, causing boss 70 to apply
pressure against camming element 20, thereby squeezing
together legs 32 and 34, and securing the fiber. The
rounded surface of boss 70 facilitates actuation by
providing a self-centering action if the boss is not
positioned exactly adjacent the camming element. The
distal end 71 of arm 64 preferably extends slightly
beyond boss 70 to allow the user to apply greater
leverage. The natural resilience of the cantilevered
actuation arm 64 causes it to rebound away from camming
element 20 when pressure is released. Connector 10 nay
then be removed from tool 60, and tool 60 discarded.

A unique advantage of tool 60 lies in its
ability to control the position of an inserted fiber
relative to ferrule 14, and to activate fiber gripping
element 22 (thereby securing the fiber in place) without
disturbing the position of the fiber relative to the
ferrule. If the bottom surface of cavity 66 is smooth é
and flat, then the end face of ferrule 14 and the
terminal end of the fiber are coplanar, i.e., they
coincide. This flush positioning of the ferrule and
fiber is very useful in "cleave and crimp" operations
wherein the fiber is cleaved prior to insertion into the
connector, and then the cable reinforcing fibers
(typically KEVLAR strands) are crimped to the backbone of ’
collar 16. Alternatively, as shown in Figure 8, the '
bottom surface of cavity 66 may have a depression of a
known depth, so that the fiber protrudes beyond ferrule
14 by a controlled amount. This is useful in "crimp and
polish" operations wherein the fiber is attached to the
connector and then the terminal end of the fiber is
polished (along with the end face of the ferrule) against
a lapping film. The depth'of the depression in the
bottom surface of cavity 66 is preferably about one fiber
diameter.

In either case, those skilled in the art will
appreciate that the fiber is not disturbed during
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actuation of the gripping element bhecause the actuation
force is applied generally perpendicular to fiber axis,
rather than along the fiber axis. Tool 60 also '
facilitates handling of the connector during the crimp
operation wherein the reinforcing fibers of the fiber

| optic cable are secured about the backbone.

The present invention may be applied to other

- types of ferrule connectors besides ST connectors. For
- example, Figures 9-11 depict a slightly quified tool 60’

which has been adapted for use with an SC connector.

Tool 60’ is essentially identical to tool 60 except for
the manner in which the connector is held on the tool.
Specifically, tool 60’ has two latch arms 74 which engage
the sides of a conventional SC connector which has been
modified to include the fiber gripping element. The
housing for such an SC connector 76 has a generally
rectangular cross-section as shown in Figure 12. In the
embodiment 60/ of the present invention, the cavity
within the tool body has only a single diameter portion
for receiving the ferrule. A tool having no latch arms
(similar to tool 60) may be used with an SC connector; in
such an embodiment (not shown), the extension of the tool
body has an inner contour which matches the outer contour
of the asymmetric inner sleeve used in a conventional SC
connector, again providing a friction fit to snugly
secure the connector. The present invention may also be
used with a biconic, rather than ferrule, connector since
the frusto-conical plug of a biconic connector is
equivalent to a ferrule.

Although the invention has been described with
reference to specific embodiments, this description is
not meant to be constfued in a limiting sense. Various
modifications of the disclosed embodiment, as well as
alternative embodiments of the invention, will become
apparent to persons skilled in the art upon reference to
the description of the invention. Specifically, tool 60
may easily be modified for any connector in which the '



5,131,063). In US A- 5,040,867, the fiber itself is secured in a
cl anpi ng nenber within the ferrule collar, and the cable reinforcing
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fiber is secured by movement of an element in a direction
generally perpendicular to the fiber axis. It is _
therefore contemplated that such modifications can be

made without departing'from the spirit or scope of the
5 present invention as defined in the appended claims.
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CLAIMS:
1. A device for securing an optical fiber in a
connector having a fiber gripping actuation member, the
- device comprising: |
5 a body having a cavity therein for receiving a
forward end of the connector; and
means attached to said body for forcibly
contacting the actuation member of the connector, said
contacting means exerting a force which is generally
10 perpendicular to an axis of a fiber retained in the
connector.

2. The device of Claim 1 wherein said
contacting means includes an arm member attached to said
body.

15 3. The device of Claim 1 wherein:

the connector has a generally cylindrical
ferrule member at the forward end thereof; and

said cavity has a generally cylindrical portion
whose inner diameter is approximately equal to an outer

20 diameter of the ferrule member.

4. The device of Claim 1 wherein:
the connector has a generally cylindrical
- ferrule member at the forward end thereof, and a
generally tubular housing member surrounding the ferrule
25 member;

_ said cavity is formed in a generally
cylindrical extension of said body, said extension having
an outer diameter which is approximately equal to an
inner diameter of the housing; and
- 30 ﬁ said cavity has a generally cylindrical portion
whose inner diameter is approximately equal to an outer
1 diameter of the ferrule member.
S. The device of Claim 1 wherein said body
includes latch means for releasably securing the forward

3s end of the connector in said cavity.
6. The device of Claim 1 wherein said body has

a slot therein proximate said cavity for receiving a
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keying pin on the connector.

7. The device of Claim 2 wherein:

said arm member is a cantilever integrally
formed with said bedy;

5 said cantilever has a distal end; and

said contacting means further includes a boss
'formed near said distal end of said cantilever. '

8. The device of Claim 2 wherein said body has
a slot therein proximate said cavity for receiving a

10 Kkeying pin on the connector, said slot being generally
aligned with said arm member.

9. The device of Claim 3 wherein said body
further includes registration means for precisely
positioning a terminal end of an optical fiber with

15 respect to an end face of the ferrule member.

10. The device of Claim 7 wherein said boss has
a generally rounded surface.

11. The device of Claim 9 wherein said
registration means comprises a depression formed in a

‘20 bottom surface of said cavity, said depression being
generally located at a center of said bottom surface.
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12. A device for positioning an optical fiber
in a connector having an actuation element and a fiber
gripping element which moves from an unactuated state to
an actuated state upon movement of the actuation element,
the device comprising:

a body having a cavity therein for receiving a
forward end of the connector; '

means for releasably securing the forward end
of the connector in said cavity; and

registration means formed in said body for
precisely positioning a terminal end of an optical fiber
with respect to the forward end of the connector.

13. The device of Claim 12 wherein:

the connector has a generally cylindrical
ferrule member at the forward end thereof; and

said cavity has a generally cylindrical portion
whose inner diameter is approximately equal to an outer
diameter of the ferrule member.

14. The device of Claim 12 further comprising
arm means attached to said body for forcibly contacting
the actuation element of the connector, said arm means
being movable in a direction which is generally '
perpendicular to an axis of a fiber retained in the
connector. '

15. The device of Claim 12 wherein:

the connector has a generally cylindrical
ferrule member at the forward end thereof, a collar
member attached to the ferrule member, and a generally
tubular housing member surrounding the ferrule member and
collar member;

said collar member has an alignment pin formed
thereon; '

said cavity is formed in a generally
cylindrical extension of said body, said extension having
an outer diameter which is approximately equal to an
inner diameter of the housing, and further having a slot
therein for receiving the alignment pin; and
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said cavity has a generally cylindrical portion
whose inner diameter is approximately equal to an outer

diameter of the ferrule member.
16. The device of Claim 12 wherein said

5 securing means comprises a pair of latch arms attached to

said body.
17. The device of Claim 13 wherein said

registration means comprises a depression formed in a
bottom surface of said cavity, said depression being
10 generally located at a center of said bottom surface.
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18. A combined dust cap and actuation tool for
an adhesiveless connector having a ferrule, the cap/tool
comprising:

. a body having a generally cylindrical
5 extension, and having a cavity formed in said extension
’ for receiving the ferrule;

a cantilever arm integrally formed with said
body, said arm extending in a direction generally
parallel with said extension, said arm having a distal

10 end and a boss formed near said distal end;

means for releasably securing the ferrule in
said cav1ty, and

registratian means for precisely positioning a
terminal end of an optical fiber with respect to the

15 ferrule. |
’ ' 19. The cap/tool of Claim 18 wherein said

said body on opposite sides of said extension, and
extending in a direction generally parallel with said
20 extension.

20. The cap/tool of Claim 18 wherein:
the ferrule is generally cylindrical;
. : the connector further has a generally
* cylindrical collar attached to the ferrule, and a
- 25 generally tubular housing surrounding the ferrule and
collar; '_
said collar has an alignment pin formed
thereon; )
said extension has an outer diameter which is
30 approximately equal to an inner diameter of the housing,
- | and further has a slot therein for receiving the
alignment pin; and '
said cavity has a first generally cylindrical
portion whose inner diameter is approximately equal to an
35 outer diameter of the ferrule, and a second generally
cylindrical portion whose inner diameter is approximately

securing means comprises a pair of latch arms attached to

equal to an outer diameter of the collar.
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1. Field of the Invention

The present invention generally relates to
devices for interconnecting optical fibers, and more
particularly to a combination dust cap and actuation tool
for an adhesiveless fiber optic connector.’

2. Description of the Prior Art

_ Ooptical fibers have now surpassed copper wire
as the preferred medium for telecommunications. As with

N copper wire, it often becomes necessary to interconnect

optical fibers, for example, during installation or
repair. The present invention is directed to a tool used
to secure an optical fiber to a fiber optic connector, in
order to complete and install such interconnections. In

“this regard, a fiber optic “connector" often refers to a
device which allows repeatable engagement and '
disengagement of the cabie, while a "splice" typically
refers to a device which is used for the permanent
attachment of two cable ends. These terms should not,
however, be construed in a limiting sense as used herein
since the present invention is applicable to the
installation of all classes of fiber optic interconnec-
tion devices. '

The prior art includes ferrule-type fiber optic
connectors having a cylindrical member (the ferrule)
usually made of a ceramic material, zirconia, or alumina,
with a central bore for receiving the fiber. The ferrule
is held by a collar which in turn may be surrounded by
one of many different coupling shells. For example, a
coupling shell having a bayonet-style latching mechanism
is commonly referred to as an "ST" connector. An
alternative shell having raﬁpéd_surfaces which latch onto
lever arms of a receptacle is known as an "SC" connector.
Yet another shell having a simple threaded nut is known
as an "FC" connector. There are many conventional
techniques for securing an optical fiber in ferrule
connectors. One of the most common is the use of a crimp
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to insert the connector into an assenbly tool prior to fiber insertion, and
providing the inpression of an essentially tool-Tess connector. The
combi nation dust cap/actuation tool nay be nodifiggd chQf HiTRenRebBeedT, SC, FC

and-even bi coni c-type connectors. The invention w “mﬂnl ml Iﬂl“erstood by

tube which clamps the fiber optic cable reinforcing
members (i.e., KEVLAR strands) to a backbone attached to
the ferrule collar. See, e.g., U.S. Patent'No.
5,140,662. This technique requires the use of a plier~-
like crimping tool to compress the crimp tube about the

backbone.

In another technique, illustrated in U.S.
Patent Nos. 5,088,804 and 5,102,211, an adhesiveless
optical fiber termination is assembled by driving two
telescoping workpieces together, compressing an
elastomeric system seated within one of the workpieces to
secure the optical fiber therein. This technique uses a
different,. rather comnlicared. tanl having twe nrimavny
elements which hold the workpieces and move toward one
another for actuation. See also U.S. Patent Nos.
5,080,460 and 5,131,063. _ _

In U.S. Patent No. 5,040,867, the fiber itself
is secured in a clamping member within the ferrule
collar, and the cable reinforcing strands are
additionally secured by a crimping sleeve onto a
backbone. In that design, a'locking member slides over
the ferrule collar and clamping member to secure the
fiber. The locking member is actuated by another hand-
held tool which moves the lockihg member along the axial
direction of the fiber into the rear end of the
connector. A separate dust cap is used to secure the
forward end of the connector in the tool without damaging
the ferrule. ' '

' . One problem not addressed by these techniques
is the proper positioning of the terminal end of the
fiber, for example, to coincide with the end face of the
ferrule. The foregoing techniques not only fail to take
this problem into consideration, but they further make
proper positioning difficult since the tools used to
activate these connectors are designed to apply an axial
force, i.e., parallel with the fiber axis, which tends to
cause the fiber itself to move relative to the connector

This is the repiacement shest
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reference to the acconpanyi ng drawi ngs, wherein: Figure 1 is a |ongitudinal
cross-section of a prior art fiber optic connector-—rigure z |s a

transverse cross-section of the connector of Figure This
internal clanping element in its unactuated state; ““‘I “““ |H

during the clamping process. Thus, p:ecisa registration
of the fiber relative to the ferrule is impossible.
Insertion of the connector into the assembly tool also
adds a level of difficulty to the installation process.
It would, therefore, be desirable to devise a tool which
activates the clamping member of a fiber optic connector
without disturbing the position of the fiber. It would
further be advantageous to devise such a tool which
precisely controls the position of the terminal end of
the fiber with respect to the ferrule. It would also be
desirable to incorporate such a tool into a dust cap for
the connector to simplify installation of the fiber.

—3—

Summary of the Invention

The present invention provides an actuation
tool for an optical connector generally comprising a tool
body having a cavity therein for removably receiving the
forward.end of the connector, and means for actuating the
clamping member of the connector by exerting a force
generally perpendicular to the fiber axis, rather than
parallel thereto. In the preferred embodiment, the
actuation means comprises a cantilever arm attached to
the tool bedy, the arm having a boss at its distal end
positioned with respect to the cavity in the tool body
such that the boss is appfoximately adjacent to the
clamping member of the connector when the forward end of
the connector is inserted in the cavity.

_ ' The terminal end of the fiber may be prec1sely
‘registered to coincide with the ferrule end face by
providing a cavity which is designed to receive the
connector such that the ferrule end face is mounted flush
with the bottom surface of the cavity. Alternatively,
the terminal end of the fiber may be precisely positioned
slightly beyond the ferrule end face by providing a
depression of known depth in the center of the bottom
surface of the cavity, such that the fiber protrudes
beyond the ferrule end face by a controlled length. -
Th|s is the replacement sh‘lt
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Figure 3 is sinilar to the transverse cross- section of Figure 2, but
depicts the internal clanping elenent in its actuated state; Flgure 4 is a

top plan view of one enbodiment of the actuation t T SHaét HadWee
invention; Figure 5 is a sectional view of the tool ”m," ""”"”l”m
The tool is advantageously constructed in the

form of a disposable dust cap so that it may be pre-
installed from the factory, thereby eliminating the need
to insert the connector into an assembly tool prior to
fiber insertion, and providing the impression of an
essentially tool-less connector. The combination dust
cap/actuation tool may be modified for use with ST,'sc,
FC and even biconic-type connectors.

—4-

iptio the Drawings

The invention will best be understood by
reference to the accompanying drawings, wherein:

Figure 1 is a longitudinal cross-section of a
prior art fiber optic connector;

Figure 2 is a transverse cross-section of the
connector of Figure 1, depicting the internal clamping
element in its unactuated state;

' Figure 3 is similar to the transverse cross-
section of Figure 2, but depicts the internal clamping
element in its actuated state;

.Figure 4 is a top plan view of one embodiment
of the actuation tool of the present invention;

Figure 5 is a sectional view of the tool of
Figure 4 taken along lines 5-5 thereof;

Figure 6 is a sectional view of the tool of
Figure 4 taken along lines 6~6 thereof;

_ Figure 7 is similar to the sectional view of .
Figufe 5, additionally depicting the insertion of an ST
connectof;

Figure 8 is a detail view of Figure 7
illustrating the precise positioning of the terminal end
of the optical fiber with respect to the connector;

Figure 9 is a top plan view of another
embodiment of the actuation tool of the present

invention;
Figure 10 is a sectional view of the tool of

Figure 9 taken along lines 10-10 thereof; This is the replacement sheet
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Figure 4 taken along lines 5-5 thereof; Figure 6 is a sectional view of the
tool of Figure 4 taken along lines 6-6 thereof; Figure 7 is simlar to the

sectional view OfThisiShert BasHee: latedonal | y depicting the insertion of an ST
ereeter | IR

—5—

Figure 11 is a sectional view of the tool of
Figure 9 taken along lines 11-11 thereof; and

Figure 12 is similar to the sectional view of
Figure 11, additionally depicting the insertion of an sc
connector.

es tion o e Preferred Embodiment

With reference now to the figures, and in
particular with reference to Figures 1-3, there is
depicted an adhesiveless, ferrule connector 10.
Connector 10 is the subject of U.S. Patent Application
Serial No. 07/871,399 and is described more fully in that
application. Connector 10 is generally comprised of a
tubular housing 12 and a ferrule 14 attached to housing
12 by means of a ferrule holder or collar 16. In the
depicted embodiment, collar 16 has an alignment pin 17
which keys (mechanically polarizes) connector 10 to
prevent rotation of ferrule 14 as the connector is
inserted into a conventional receptacle (the receptacle
is not shown). Ferrule 14 has a bore 18 therethrough for
receiving the terminal portion of the optical fiber to be
interconnected. Connector 10 includes many other
conventional components, such as a strain relief boot 21,
which are commonly used in prior art connectors. '

Collar 16 also includes a plug or camming
element 20 which engages a fiber gripping element 22.
Fiber gripping element 22 has a groove 24 therein which
is generally aligned with a bore 26 of collar 16, and

" with the bore 18 of ferrule 14. An optical fiber

27 enters the rear end of connector 10, passing through
bore 26, fiber gripping element 22, and bore i8. The
terminal end of the fiber is usually positioned to
coincide with the end face of ferrule 14. Camming
element 20 and’fiber gripping element 22 are similar to
the fiber optic splice disclosed in U.S. Patent No.
4,865,412. As best seen in Figures 2 and 3, fiber

gripping element 22 has two plates or legs 32 and 34
’ This is the replacement sheet
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Figure 8 is a defar%—vreWho+—Frgufe 7 illustrating the precise positioning

of the term nal g h Lica fiber with respect to the connector;
t
Figure 9 is a top e llﬁi"%min nné)t her enbodi ment of the actuation tool of

thg pr esent |nvent
which share a common hinge. As camming element 20 is
forced from its open, unactuated state (Figure 2) to its
closed, actuated state (Figure 3), side bars of camming
element 20 forcibly urge legs 32 and 34 toward one
another, clamping fiber 27 therebetween. Thus, fiber 27
may be secured in connector 10 without the use of epoxy
or other adhesives. Camming element 20 may have detentes
or bumps 44, 46, 48 and 50 formed on the outer surface
thereof which engage corresponding notches in collar 16
to secure camming element 20 in the open and closed
states. An opening 51 is provided in housing 12 to allow
access to camming element 20 so that it may be pushed
down; actually, the depicted embodiment of connector 10
is an ST connector in which opening 51 is formed to
receive a lug on the connector receptacle, thereby
providing a bayonet-style latching mechanism.

With further reference to Figures 4-7, those
figures illustrate one embodiment 60 of the novel
actuation tool of the present invention. Tool 60 is
designed for use with connector 10, and generally
comprises a tool body 62 and an actuation arm 64 attached
to body 62; arm 64 is preferably integrally formed with
body 60. Accordingly, while tool 60 may be formed of any
durable material, it is preferably constructed of a
resilient polymer which is injection moldable, such as
RADEL (a polyethersulfone) sold by Amoco. Body 62 has a
cavity 66 therein for receiving the forward end of
connector 10. Cavity 66 includes two portions of
different inner diameters for respectively receiving
collar 16 and ferrule 14. Tool 60 may take the form of a
disposable dust cap which is pre-installed on connector
10 at the factory. Those skilled in the art will
appreciate that pre-installation eliminates the need to’
insert the connector into an assembly tool prior to fiber
insertion, thus simplifying the connector assembly, and
providing the impression of an essentially tool-less
connector. Of course, tool 60 also prevents _
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Figure 10 is a sectional view of the tool of Figure 9 taken along |ines
10- 10 t hereof; "Frgure I s asectional view of the tool of

O
contamination of the forward end of connector 10 during
handling. In order to ensure that tool 60 remains on
connector 10 during shipment, the (largest) inner '
diameter of cavity 66 is preferably approximately equal
to the outer diameter of collar 16; similarly, the
portion of body 62 having cavity 66 therein is preferably
a cylindrical extension 68 whose outer diameter is '
approximately equal to the inner diameter of housing 12.
In this manner, when connector 10 is inserted in tool 60
(Figure 7), it is held snugly therein by a friction fit.

Turning now to Figure 7, operation of the
actuation tool 60 of the present invention is relatively
straightforward. First, the forward end of connector 10
is inserted into cavity 66. As previously noted, this

~ step may be performed at the factory. It may be seen
from Figure 7 that the smaller diameter portion of cavity
66 (which receiveé ferrule 14) need not have a length
which is exactly equal to ferrule 14, i.e., the length of
this portion of the cavity may be shorter than the length
of ferrule 14 extending beyond collar 1. The next step
is insertion of the fiber into connector 10, i.e., by
threading it into bore 26 of collar 16. The fiber should
be fully inserted until it abuts the bottom surface of
éavity €6. As further explained below, care should be
taken during this and the following step to ensure that
connector 10 is fully inserted into tool 60, i.e., with
the end face of ferrule_l14 also abutting the bottom
surface of cavity 66. When the connector is properly
inserted, camming element 20 is generally located
adjacent a button or boss 70 formed on actuation arm 64.
In the embodiment 60 of the present invention which is
designed for an ST connector, cylindrical extension 68
has a slot 72 therein for receiving keying pin 17.

Keying the tool in this manner also conveniently aligns
boss 70 over slot 51 and camming element 20.

When the fiber and connector are in proper

position, fiber gripping element is actuated by
| This is the replacement sheet
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Figure 9 taken along lines 11-11 thereof; and Figure 12 is simlar to the
sectional view of Figure 11, additionally depicting the insertion of an SC
connector. Wth reference nowto the figures, and in particular with
reference to Figures 1-3, there is a

depressing actuation arm 64, causing boss 70 to apply
pressure against camming element 20, thereby squeezing
together legs 32 and 34, and securing the fiber. The
rounded surface of boss 70 facilitates actuation by
providing a self-centering action if the boss is not
positioned exactly adjacent the camming element. The
distal end 71 of arm 64 preferably extends slightly
beyond boss 70 to allow thg‘user to apply greater
leverage. The natural resilience of the cantilevered
actuation arm 64 causes it to rebound away from camming
element 20 when pressure is released. Connector 10 may
then be removed from tool 60, and tool 60 discarded.

A unique advantage of tool 60 lies in its
ability to control the position of an inserted fiber
relative to ferrule 14, and to activate fiber gripping
element 22 (thereby securing the fiber in place) without
disturbing the position of the fiber relative to the
ferrule.. If the bottom surface of cavity 66 is smooth
and flat, then the end face of ferrule 14 and the
terminal end of the fiber are coplanar, i.e., they
coincide. This flush positioning of the ferrule and
fiber is very useful in "cleave and crimp" operations
wherein the fiber is cleaved prior to insertion into the
connector, and then the cable reinforcing fibers
(typically KEVIAR strands) are crimped to the backbone of
collar 16. Alternatively, as shown in Figure 8, the
bottom surface of cavity 66 may have a depression of a
known depth, so that the fiber protrudes beyond ferrule
14 by a controlled amount. This is useful in "crimp and
polish" operations wherein the fiber is attached to the
connector and then the terminal end of the fiber is
polished (along with the end face of the ferrule) against
a lapping film. The depth of the depression in the .
bottom surface of cavity 66 is preferably about one fiber
diameter. '

In either case, those skilled in the art will
appreciate that the fiber is not disturbed during

This is the replacement shest
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depi cted an adhesivel ess, ferrule connector 10. Cbnnee%eL_lg*L§‘;P§a§EgJect
of WO A-93/ 21547 and is described nore fuIIy n _t hat app n

Connector 10 is generally conprised of a tubul ar hou5| er ul e
14 attached to housing 12 by neans. of a ferrule hol de ﬂ n the

actuation of the gripping element because the actuation
force is applied generally perpendicular to fiber axis,
rather than along the fiber axis. Tool 60 also
facilitates handling of the connector during the crimp
operation wherein the reinforcing fibers of the fiber
optic cable are secured about the backbone.

The present invention may be applied to other
types of ferrule connectors besides ST connectors. For
example, Figures 9-11 depict a slightly modified tool 60’
which has been adapted for use with an SC connector.

Tool 60’ is essentially identical to tool 60 except for
the manner in which the connector is held on the tool.
Specifically, tool 60’ has two latch arms 74 which engage
the sides of a conventional SC connector which has been
modified to include the fiber gripping element. The
housing for such an SC connector 76 has a generally
rectangular cross-section as shown in Figure 12. In the:
embodiment 60/ of the present invention, the cavity
within the tool body has only a singie diameter portion
for receiving the ferrule. A tool having no latch arms
(similar to tool 60) may be used with an SC connector; in
such an embodiment (not shown), the extension of the tool
body has an inner contour which matches the outer contour
of the asymmetric inner sleeve used in a conventional SC
connector, again providing a friction fit to snugly
secure the connector. The present invention may also be
used with a biconic, rather than ferrule, connector since
_the frusto-conical plug of a biconic connector is
equivalent to a ferrule.

Although the invention has been described with
reference to specific embodiments, this description is
not meant to be construed in a limiting sense. Various
modifications of the disclosed embodiment, as well as
alternative embodiments of the invention, will become
apparent to persons skilled in the art upon reference to
the description of the invention. Specifically, tool 60

may easily be modified for any connector in which the
This is the replacemsnt shest
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depi cted enbodi nent, collar 16 has an alignnent pin 17 which keys
(mechani cal Iy pol ari zes) connector 10 to prevent rotation of ferrule 14 as
the connector is inserted into a conventional receptacle (the receptacle is
not shown). Ferrule 14 has a bore 18 therethrough for receiving the

t er m nal

portion of the optical fiber to be

=10~

fiber is secured by movement of an element in a direction
generally perpendicular to the fiber axis. It is-
therefore contemplated that such modifications can be
made without departing from the spirit or scope of the
present invention as defined in the appended claims.

This Sheet Has Been Re;
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i nterconnected. Connector 10 includes many ot her conventional conponents,
such as a strain relief boot 21, which are commonly used in prior art

connectors. ColThgSh eddes a pl ug or camymg i ch
engages a fi ber nt 22. Fiber gri ppmmlﬁl :lmﬁll a groove
24 therein which * ¢ L M s

CLAIMS:

, =11~

1. A device for securing an optical fiber in a
connector having a fiber gripping actuation member, the
device comprising:

a body having a cavity therein for receiving a
forward end of the .connector; and

means attached to said body for forcibly
contacting the actuation member of the connector, said
contacting means exerting a force which is generally
perpendicular to an axis of a fiber retained in the
connector.

2. The device of Claim 1 wherein said
contacting means includes an arm member attached to said
body.

3. The device of Claim 1 wherein:

"the connector has a generally cylindrical
ferrule member at the forward end thereof; and

| said cavity has a generally cylindrical portion
whose inner diameter is approximately equal to an outer
diameter of the ferrule member.

4. The device of Claim 1 wherein:

the connector has a generally cylindrical
ferrule member at the forward end thereof, and a
generally tubular housing member surrounding the ferrule
member;

| said cavity is formed in a generally
cylindrical extension of said body, said extension having
an outer diameter which is approximately equal to an
‘inner diameter of the housing; and

said cavity has a generally cylindrical portion
vhose inner diameter is approximately equal to an outer
diameter of the ferrule member.

5. The device of Claim 1 wherein said body
includes latch means for releasably securing the forward

end of the connector in said cavity. _
6. The device of Claim 1 wherein said body has

a slot therein proximate said cavity for receiving a
This is the replacement shest
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Is generally aligned with a bore 26 of collar 16, and with the bore is of
ferrule 14. An optical fiber 27 enters the rear end of connector 10,
passi ng t hrough bore 26, fiber gripping elenment 22, and bore 18. The

e oal end oL e {Lber S usially positioned 1o corncide uiin the end
| I ARy M

L B

keying pin on the connector.

7. The device of Claim 2 wherein:

said arm member is a cantilever integrally
‘formed with said body;

said cantilever has a distal end; and

said contacting means further includes a boss
formed near said distal end of said cantilever. '

8. The device of Claim 2 wherein said body has
a slot therein proximate said cavity for receiving a
keying pin on the connector, said slot being generally
aligned with said arm member.

9. The device of Claim 3 wherein said body
further includes registration means for precisely
positioning a terminal end of an optical fiber with
respect to an end face of the ferrule member.

10. The device of Claim 7 wherein said boss has
a generally rounded surface.

11. The device of Claim 9 wherein said
registration means comprises a depression formed in a
bottom surface of said cavity, said depression being
generally located at a center of said bottom surface.

—_—
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el emrent 20 and LLbeL_gLLpp#ng-eLenent 22 are simlar to the fiber optic.
splice disclosed in US A 865, 412. As best seen_in Fgures—2—and—3, fi ber

s e o el osed U ﬂiﬂﬂﬁmﬂﬁi T

-13=-

_ 12. A device for positioning an optical fiber
in a connector having an actuation element and a fiber
gripping element which moves from an unactuated state to
an actuated state upon movement of the actuation element,
the device comprising:

' a body having a cavity therein for receiving a
forward end of the connector; '

means for releasably securing the forward end
of the connector in said cavit&; and

registration means formed in said body for
precisely positioning a terminal end of an optical fiber
with respect to the forward end of the connector.

13. The device of Claim 12 wherein:

the connector has a generally cylindrical
ferrule member at the forward end thereof; and

said cavity has a generally cylindrical portion
whose inner diameter is approximately equal to an outer

diameter of the ferrule member.
14. The device of Claim 12 further comprising

arm means attached to said body for forcibly contacting
the actuation element of the connector, said arm means
being movable in a direction which is generally
perpendicular to an axis of a fiber retained in the
connector,

15. The device of Claim 12 wherein:

the connector has a generally cylindrical
ferrule member at the forward end thereof, a collar
member attached to the ferrule member, and a generally
‘tubular housing member surrounding the ferrule member and
collar member;

said collar member has an alignment pin formed
thereon; '

said cavity is formed in a generally
cylindrical extension of said body, said extension having
an outer diameter which is approximately.equal to an
inner diameter of the housing, and further having a slot

therein for receiving the alignment pin; and
This is the replacement shest
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-6- which share a cormon hinge. As camm ng elenent 20 is forced fromits
open, unactuated state (Figure 2) to its closed, actuated state (Figure 3),
side bars of camm ng el enment 20 forcibly urge legs 32 an ' ne

R 0

=14~

said cavity has a generally cylindrical portion
whose inner diameter is approximately equal to an outer
diameter of the ferrule member.

16. The device of Claim 12 wherein said
securing means comprises a pair of latch arms attached to
said body.

17. The device of Claim 13 wherein said
registration means comprises a depression formed in a
bottom surface of said cavity, said depression being
generally located at a center of said bottom surface.

-

A
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anot her, clanping fiber 27 therebetween. Thus, LLbeL—zl—nay—be seedred in
connector 10 wi thout the use of epoxy or other a heS|ves Cannlﬂi el enent

20 may have det ent Bds Sheet HogBreen Rep 48 and ml IM’“II ll H surface
t her eof whi ch engagimlmummmmn notches in co Nl il A

canmmi ng
el'ement 20 in the o

15~

18. A combined dust cap and actuation tool for
an adhesiveless connector having a ferrule, the cap/tool
comprising:

a body having a generally cylindrical
extension, and having a cavity formed in said extension
for receiving the ferrule;

a cantilever arm integrally formed with said
body, said arm extending in a direction generally
parallel with said extension, said arm having a distal
end and a boss formed near said distal end;

means for releasably securing the ferrule in
said cavity; and |

registration means for precisely positioning a
terminal end of an optical fiber with respect to the
ferrule. _

19. The cap/tool of Claim 18 wherein said
securing means comprises a pair of latch arms attached to
said body on opposite sides of said extension, and
extending in a direction generally parallel with said
extension. - |

20. The cap/tool of Claim 18 wherein:

the ferrule is generally cylindrical;

the connector further has a generally
cylindrical collar attached to the ferrule, and a
generélly tubular housing surrounding the ferrule and
collar;

said collar has an alignment pin formed
thereon;

: .said extension has an outer diameter which is
approximately equal to an inner diameter of the housing,
and further has a slot_therein for receiving the
allgnment pin; and

‘said cavity has a first generally cylindrical
portion whose inner diameter is approximately equal to an
outer diameter of the ferrule, and a second generally
cylindrical portion whose inner diameter is approximately

equal to an outer diameter of the collar.
This is the replacement sheet

cue 03 OCT 1996



states. An opening 51 is provided in housing 12 to all ow access to canm ng
el ement 20 so that it nmay be pushed down; actually, the depicted enbodi nent
of connector 10 is an ST connector in which opening 51 is fornmed to receive
a lug on the connector receptacle, thereby providing a“bayonet-style

| at chi ng mechani sm - 16 -

ACTUATION TOOL AND CAP FOR FIBER OPTIC CONNECTOR

ABSTRACT

A COMBINATION DUST CAP AND ACTUATION TOOL FOR AN
OPTICAL FIBER CONNECTOR HAVING A FERRULE AND AN
ACTUATION MECHANICM FOR SECURING A FIBER IN THE
CONNECTOR. THE CAP/TOOL HAS A BODY WITH A CYLINDRICAL
EXTENSION HAVING A CAVITY THEREINFOR RECEIVING THE
FERRULE, AND A CANTILEVER ARM FORMED ON THE BODY,
EXTENDING PARALLEL WITH THE EXTENSION. THE CANTILEVER
ARM HAS A BOSS AT ITS DISTAL END FOR FORCIBLY
CONTACTING THE ACTUATION MECHANISM OF THE CONNECTOR AS
THE ARM IS MOVED IN A DIRECTION PERPENDICULAR TO THE
FIBER AXIS. IN THIS MANNER, THE FIBER MAY BE SECURED
TO THE CONNECTOR WITHOUT DISTURBING THE POSITION OF
THE FIBER. THE CAVITY HAS A BOTTOM SURFACE WHICH MAY
HAVE A DEPRESSION CENTRALLY LOCATED THEREIN, SO THAT
A FIBER MAY BE SECURED IN THE CONNECTOR WITH THE
TERMINAL END OF THE FIBER EXTENDING A KNOWN LENGTH
BEYOND THE FERRULE.

FIGURE 7
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Wth further reference to Figures 4-7, those figures illustrate one
enbodi nent 60 of the novel actuation tool of the present invention. Tool 60
is designed for use with connector 10, and generally conprises a tool body

62 and an actuation arm 64 attached to body 62; arm64 is preferably
integrally formed with : ' -1 -

32 51 ’/ 21

'14 L
- 1/117-;.— e /.’ 7, .,
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18 27 |
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Fig. 1
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body 60. Accordingly, while tool 60 may be formed of any durable material,
it is preferably constructed of a resilient polyner which is injection

nol dabl e, such as RADEL (a pol yethersul fone) sold by Amco. Body 62 has a
cavity 66 therein for receiving the forward end of connect or 10. Cavity 66
i ncl udes two portions of -2 -

l[ | 62

ent sheet
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different inner dianeters for respectively receiving collar 16 and ferrule
14. Tool 60 nay take the form of a disposable dust cap which is
pre-installed on connector 10 at the factory. Those skilled in the art wll
appreciate that pre-installation elimnates the need to insert the
connector into an assenbly tool prior it fiber

70 60
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I nsertion, thus sinplifying the connector assenbly, and providing the
i npression of an essentially tool-less connector. O course, tool 60 also

prevents
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-7- contam nation of the forward end of connector 10 during handling. 1In
order to ensure that tool 60 remains on connector 10 during shipnment, the
(largest) inner dianmeter of cavity 66 is preferably approximately equal to
the outer dianeter of collar 16; simlarly, the
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- ACTUATION TOOL AND CAP FORFIBER OPTIC

CONNECTOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to devices for
interconnecting optical fibers, and more particularly to
a combination dust cap and actuation tool for an adhe-
siveless fiber optic connector. : :

2. Description of the Prior Art

Optical fibers have now surpassed copper wire as the
preferred medium for telecommunications. As with

‘copper wire, it often becomes necessary to interconnect

optical fibers, for example, during installation or repair.
The present invention is directed to a tool used to se-
cure an optical fiber to a fiber optic connector, in order
to complete and install such interconnections. In this
regard, a fiber optic “connector” often refers to a de-
vice which allows repeatable engagement and disen-
gagement of the cable, while a “splice” typically refers
to a device which is used for the permanent attachment
of two cable ends. These terms should not, however, be
construed in a limiting sense as used herein since the
present invention is applicable to the installation of all
classes of fiber optic interconnection devices.

The prior art includes ferrule-type fiber optic connec-
tors having a cylindrical member (the ferrule) usually
made of a ceramic material, zirconia, or alumina, with a
central bore for receiving the fiber. The ferrule is held
by a collar which in turn may be surrounded by one of
many different coupling shells. For example, a coupling
shell having a bayonet-style latching mechanism is com-
monly referred to as an “ST™ connector. An alternative
shell having ramped surfaces which latch onto lever
arms of a receptacle is known as an “SC” connector.
Yet another shell having a simple threaded nut is known
as an “FC” connector. There are many conventional
techniques for securing an optical fiber in ferrule con-
nectors. One of the most common is the use of a crimp
tube which clamps the fiber optic cable reinforcing
members (i.e., KEVLAR strands) to a backbone at-
tached to the ferrule collar. See, e.g., U.S. Pat. No.
5,140,662. This technique requires the use of a plier-like

crimping tool_to compress the crimp tube about the
backbone.
. This Sheet Has B
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actuation tool 60 of the present invention is relatively straightforward.
First, the forward end of connector 10 is inserted.into cavity 66. As
previously noted, this step may be perfornmed at the factory. It nmay be seen
fromFigure 7 that the smaller dianeter portion of cavity 66 (which
receives ferrule 14) need not have a | engtiT

In another technique, illustrated in U.S. Pat. Nos.
5,088,804 and 5,102,211, an adhesiveless optical ﬁper
termination is assembled by driving two telescoping
workpieces together, compressing an elastomeric sys-
tem seated within one of the workpieces to secure the
optical fiber therein. This technique uses a different,
rather complicated, tool having two primary elements
which hold the workpieces and move toward one an-
other for actuation. See also U.S. Pat. Nos. 5,080,460
and 5,131,063. .

In U.S. Pat. No. 5,040,867, the fiber itself is secured in
a clamping member within the ferrule collar, and the
cable reinforcing strands are additionally secured by 2
crimping sleeve onto a backbone. In that design, a lock-
ing member slides over the ferrule collar and clamping
member to secure the fiber. The locking member is
actuated by another hand-held tool which moves the
locking member along the axial direction of the fiber
into the rear end of the connector. A separate dust cap
is used to secure the forward end of the connector in the
tool without damaging the ferrule. _

One problem not addressed by these techniques is the
proper positioning of the terminal end of the fiber, for
example, to coincide with the end face of the ferrule.
The foregoing techniques not only fail to take this prob-
lem into consideration, but they further make proper
positioning difficult since the tools used to activate
these connectors are designed to apply an axial force,
i.e., parallel with the fiber axis, which tends to cause the
fiber itself to move relative to the connector during the
clamping process. Thus, precise registration of the fiber
relative to the ferrule is impossible. Insertion of the
connector into the assembly tool also adds a level of
difficulty to the installation process. It would, therefore,
be desirable to devise a tool which activates the clamp-
ing member of a fiber optic connector without disturb-
ing the position of the fiber. It would further be advan-
tageous to devise such a tool which precisely controls
the position of the terminal end of the fiber with respect
to the ferrule. It would also be desirable to incorporate
such a tool into a dust cap for the connector to simplify
installation of the fiber.

-—
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whi ch |s x%%ﬁ%%ﬁ&dferrule 14, i.e., the length of this portion of

thescavity than the Iength of ferrule 14 extendi ng beyond.
col lar 16. ’“ m %ﬁ
by threadl

is insertion of the fiber into connector 10, i.e.,
inserted until it abuts the bottom surfade-of

26 of collar 16. The fiber should be fully
SUMMARY OF THE INVENTION

The present invention provides an actuation tool for
an optical connector generally comprising a tool body
having a cavity therein for removably receiving the
forward end of the connector, and means for actuating
the clamping member of the connector by exerting a
force generally perpendicular to the fiber axis, rather
than parallel thereto. In the preferred embodiment, the
actuation means comprises a cantilever arm attached to
the tool body, the arm having a boss at its distal end
positioned with respect to the cavity in the tool body
such that the boss is approximately adjacent to the
clamping member of the connector when the forward
end of the connector is inserted in the cavity.

The terminal end of the fiber may be precisely regis-
tered to coincide with the ferrule end face by providing
a cavity which is designed to receive the connector
such that the ferrule end face is mounted flush with the
bottom surface of the cavity. Alternatively, the terminal
end of the fiber may be precisely positioned slightly
beyond the ferrule end face by providing a depression
of known depth in the center of the bottom surface of
the cavity, such that the fiber protrudes beyond the
ferrule end face by a controlled length.

The tool is advantageously constructed in the form of
a disposable dust cap so that it may be pre-installed from
the factory, thereby eliminating the need to insert the
connector into an assembly tool prior to fiber insertion,
and providing the impression of an essentially tool-less
connector. The combination dust cap/actuation tool
may be modified for use with ST, SC, FC and even
biconic-type connectors.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will best be understood by reference to
the accompanying drawings, wherein:

FIG. 1 is a longitudinal cross-section of a prior art
fiber optic connector;

FIG. 2 is a transverse cross-section of the connector
of FIG. 1, depicting the internal clamping element in its
unactuated state;

FIG. 3 is similar to the transverse cross-section of
FIG. 2, but depicts the internal clampmg element in its
actuated state;

FIG. 4 is a top plan view of one embodiment of the

ion t invention:
actuatt ool of the present invention; This is the replacement shest
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cavity 66. As further explained below, care should be taken during this and
the follow ng step to ensure that connector 10 is fully inserted into tool

60, i.e., with the end face of ferrule 14 also abutting the bottom surface
of cavity 66. Wien the connector is properly i nserted, camm ng el enent 20
is generally |ocated - 4

FIG. 5 is a sectional view of the tool of FIG. 4 taken
along lines 5—S5 thereof;

FIG. 6 is a sectional view of the tool of FIG. 4 taken
along lines 6—6 thereof;

FIG. 7 is similar to the sectional view of FIG 5,
additionally depicting the insertion of an ST connector;

FIG. 8 is a detail view of FIG. 7 illustrating the pre-
cise positioning of the terminal end of the optical fiber
with respect to the connector;

FIG. 9 is a top plan view of another embodiment of
the actuation tool of the present invention;

FIG. 10 is a sectional view of the tool of FIG. 9 taken
along lines 10—10 thereof;

FIG. 11 is a sectional view of the tool of FIG. 9 taken
along lines 11—11 thereof; and

FIG. 12 is similar to the sectional view of FIG. 11,
additionally depicting the insertion of an SC connector.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

With reference now to the figures, and in particular
with reference to FIGS. 1—3, there is depicted an adhe-
siveless, ferrule connector 10. Connector 10 is the sub-
ject of U.S. patent application Ser. No. 07/871,399 (now
U.S. Pat. No. 5,337,390 issued on Aug. 9, 1994) and is
described more fully in that application. Connector 10 is
generally comprised of a tubular housing 12 and a fer-
rule 14 attached to housing 12 by means of a ferrule
holder or collar 16. In the depicted embodiment, collar
16 has an alignment pin 17 which keys (mechanically
polarizes) connector 10 to prevent rotation of ferrule 14
as the connector is inserted into a conventional recepta-
cle (the receptacle is not shown). Ferrule 14 has a bore
18 therethrough for receiving the terminal portion of
the optical fiber to be interconnected. Connector 10
includes many other conventional components, such as
a strain relief boot 21, which are commonly used in
prior art connectors.

Collar 16 also includes a plug or camming element 20
which engages a fiber gripping element 22. Fiber grip-
ping element 22 has a groove 24 therein which is gener-
ally aligned with a bore 26 of collar 16, and with the

- bore 18 of ferrule 14. An optical fiber 27 enters the rear
end of comnector 10, passing through bore 26, fiber
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adj acent a button or boss 70 forned on actuation arm 64. In the enbodi nent
60 .of the present invention which is. designed for an ST connector,
cylindrical extension 68 has a slot 72 therein for receiving keying pin 17.-
Keying the tool in this manner also conveniently aligns boss 70 over
opening 51 and camm ng el ement 20. -5 =

gripping element 22, and bore 18. The terminal end of
the fiber is usually positioned to coincide with the end
face of ferrule 14. Camming element 20 and fiber grip-
ping element 22 are similar to the fiber optic splice
disclosed in U.S. Pat. No. 4,865,412. As best seen in
FIGS. 2 and 3, fiber gripping element 22 has two plates
or legs 32 and 34 which share 2 common hinge. As
camming element 20 is forced from its open, unactuated
state (FIG. 2) to its closed, actuated state (FIG. 3), side
bars of camming element 20 forcibly urge legs 32 and 34
toward one another, clamping fiber 27 therebetween.
Thus, fiber 27 may be secured in connector 10 without
the use of epoxy or other adhesives. Camming element
20 may have detentes or bumps 44, 46, 48 and 50 formed
on the outer surface thereof which engage correspond-
ing notches in collar 16 to secure camming element 20
in the open and closed states. An opening 51 is provided
in housing 12 to allow access to camming element 20 so
that 1t may be pushed down; actually, the depicted
embodiment of connector 10 is an ST connector in
which opening 51 is formed 10 receive a lug on the
connector receptacle, thereby providing a bayonet-
style latching mechanism.

With further reference to FIGS. 4-7, those figures
illustrate one embodiment 60 of the novel actuation tool
of the present invention. Tool 60 is designed for use
with connector 10, and generally comprises a tool body
62 and an actuation arm 64 attached to body 62; arm 64
is preferably integrally formed with body 60. Accord-
ingly, while tool 60 may be formed of any durable mate-
rial, it is preferably constructed of a resilient polymer
which is injection moldable, such as RADEL (a po-
lyethersulfone) sold by Amoco. Body 62 has a cavity 66
therein for receiving the forward end of connector 10.
Cavity 66 includes two portions of different inner diam-
eters for respectively receiving collar 16 and ferrule 14.
Tool 60 may take the form of a disposable dust cap
which is pre-installed on connector 10 at the factory.
Those skilled in the art will appreciate that pre-installa-
tion eliminates the need to insert the connector into an
assembly tool prior to fiber insertion, thus simplifying
the connector assembly, and providing the impression
of an essentially tool-less connector. Of course, tool 60
also prevents contamination of the forward end of con-

nector 10 during handling. In order to ensure that tool
This is the replacement shest
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When the fiber 27 and connector 10 are in proper position, fiber gripping
el ement 22 is actuated by depressing actuation arm 64, causing -boss 70

to apply
-6 -

60 remains on connector 10 during shipment, the (larg-
est) inner diameter of cavity 66 is preferably approxi-
mately equal to the outer diameter of collar 16; simi-
larly, the portion of body 62 having cavity 66 therein is
preferably a cylindrical extension 68 whose outer diam-
eter is approximately equal to the inner diameter of
housing 12. In this manner, when connector 10 is in-

serted in tool 60 (FIG. 7), it is held snugly therein by a

friction fit. :
Turning now to FIG. 7, operation of the actuation
tool 60 of the present invention is relatively straightfor-
ward. First, the forward end of connector 10 is inserted
into cavity 66. As previously noted, this step may be
performed at the factory. It may be seen from FIG. 7
that the smaller diameter portion of cavity 66 (which
receives ferrule 14) need not have a length which is
exactly equal to ferrule 14, i.e., the length of this portion
of the cavity may be shorter than the length of ferrule
14 extending beyond collar 16. The next step is insertion
of the fiber into connector 10, i.e., by threading it into
bore 26 of collar 16. The fiber should be fully inserted
until it abuts the bottom surface of cavity 66. As further
. explained below, care should be taken during this and .

the following step to ensure that connector 10 is fully
inserted into tool 60, i.e., with the end face of ferrule 14
also abutting the bottom surface of cavity 66. When the
connector is properly inserted, camming element 20 is
generally located adjacent a2 button or boss 70 formed
on actuation arm 64. In the embodiment 60 of the pres-
ent invention which is designed for an ST connector,
cylindrical extension 68 has a slot 72 therein for receiv-
ing keying pin 17. Keying the tool in this manner also
conveniently aligns boss 70 over slot 51 and camming
element 20. '

When the fiber and connector are in proper position,
fiber gripping element is actuated by depressing actua- -
tion arm 64, causing boss 70 to apply pressure against
camming element 20, thereby squeezing together legs
32 and 34, and securing the fiber. The rounded surface
of boss 70 facilitates actuation by providing a self-cen-
tering action if the boss is not positioned exactly adja-
cent the camming element. The distal end 71 of arm 64
preferably extends slightly beyond boss 70 to allow the
user to apply greater leverage. The natural resilience of
the cantilevered actuation arm 64 causes it to rebound
away from camming element 20 when pressure is re-
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pressure agai nst camm ng el enent 20, thereby squeezing together |egs 32 and
34,- and securing the fiber 18. The rounded surface of boss 70 facilitates
actuation by providing a self-centering action if the boss is not

positi oned exactly adjacent the camm ng el errent The distal end 71 of arm
64 preferably extends slightly 7

leased. Connector 10 may then be removed from tool
60, and tool 60 discarded.

A unique advantage of tool 60 lies in its ability to .
control the position of an inserted fiber relative to fer-
rule 14, and to activate fiber gripping element 22
(thereby securing the fiber in place) without disturbing
the position of the fiber relative to the ferrule. If the
bottom surface of cavity 66 is smooth and flat, then the
end face of ferrule 14 and the terminal end of the fiber
are coplanar, i.e., they coincide. This flush positioning
of the ferrule and fiber is very useful in “cleave and
crimp” operations wherein the fiber is cleaved prior to
insertion into the connector, and then the cable rein-
forcing fibers (typically KEVLAR strands) are crimped
to the backbone of collar 16. Alternatively, as shown in
FIG. 8, the bottom surface of cavity 66 may have a
depression of 2 known depth, so that the fiber protrudes
beyond ferrule 14 by a controlled amount. This is useful
in “crimp and polish™ operations wherein the fiber is
attached to the connector and then the terminal end of
the fiber is polished (along with the end face of the
ferrule) against a lapping film. The depth of the depres-
sion in the bottom surface of cavity 66 is preferably
about one fiber diameter.

In either case, those skilled in the art w:ll apprecxate
that the fiber is not disturbed during actuation of the
gripping element because the actuation force is applied
generally perpendicular to fiber axis, rather than along
the fiber axis. Tool 60 also facilitates handling of the
connector during the crimp operation wherein the rein-
forcing fibers of the fiber optic cable are secured about
the backbone.

The present invention may be applied to other types
of ferrule connectors besides ST connectors. For exam-
ple, FIGS. 9-11 depict a slightly modified tool 60’
which has been adapted for use with an SC connector.
Tool 60’ is essentially identical 10 100l 60 except for the
manner in which the connector is held on the tool.
Specifically, tool 60’ has two latch arms 74 which en-
gage the sides of a conventional SC connector which
has been modified to include the fiber gripping element.
The housing for such an SC connector 76 has a gener-
ally rectangular cross-section as shown in FIG. 12. In
the embodiment 60’ of the present invention, the cavity
within the tool body has only a single diameter portion
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beyond boss 70 to allow the user to apply greater |everage. The natural
resilience of the cantilevered actuation arm 64 causes it to rebound away
fromcamm ng el ement 20 when pressure is rel eased. Connector 10 may then be
renmoved fromtool 60, and tool 60 di scarsded. A uni que advantage of tool 60
lies inits -e - :

for receiving the ferrule. A tool having no latch arms
(similar to tool 60) may be used with an SC connector;
in such an embodiment (not shown), the extension of the
tool body has an inner contour which matches the outer
contour of the asymmetric inner sleeve used in 2 con-
ventional SC connector, again providing a friction fit to
snugly secure the connector. The present invention may
also be used with a biconic, rather than ferrule, connec-
tor since the frusto-conical plug of a biconic connector
is equivalent to a ferrule.

Although the invention has been described with ref-
erence to specific embodiments, this description is not
meant to be construed in a limiting sense. Various modi-

~ fications of the disclosed embodiment, as well as alter-
native embodiments of the invention, will become ap-
parent to persons skilled in the art upon reference to the

- description of the invention. Speciﬁcally tool 60 may
easﬂy be modified for any connector in which the fiber
is secured by movement of an element in a direction
generally perpendicular to the fiber axis. It is therefore
contemplated that such modifications can be made
without departing from the spirit or scope of the present
invention as defined in the appended claims.
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ability to control the p05|t|on of an inserted fiber relativ -ferrule
14, and to activate fiber gripping elenment 22 ( y securing the fiber

in place) wthout disturbing the position of ‘the fj e‘“‘ t he
ferrule. If the bottom surface of caV|ty 66 IS s WA‘\ ‘\t en the
end face of ferrule 14 and the

CLAINMSB

1. A device for securing an optical fiber in a connec-
tor having a fiber gripping actuation member, the de-
vice comprising:

a body having a cavity therein for recexvmg a for-

ward end of the connector; and

means attached to said body for forcibly contacting

the actuation member of the connector, said con-
tacting means exerting a force which is generally
perpendicular to an axis of a fiber retained in the
connector.
- 2. The device of claim 1 wherein said contacting
means includes an arm member attached to said body.

3. The device of claim 1 wherein:

the connector has a generally cylindrical ferrule

member at the forward end thereof; and

said cavity has a generally cylindrical portion whose

inper diameter is approximately equal to an outer
diameter of the ferrule member.

4. The device of claim 1 wherein:

the connector has a generally cylindrical ferrule

member at the forward end thereof, and a generally
tubular housing member surrounding the ferrule
member;

said cavity is formed in a generally cylindrical exten-

sion of said body, said extension having an outer
diameter which is approximately equal to an inner
diameter of the housing; and

said cavity has a genera.lly cylindrical portion whose

inner diameter is approximately equal to an outer
diameter of the ferrule member.

5. The device of claim 1 wherein said body includes
latch means for releasably securing the forward end of
the connector in said cavity.

6. The device of claim 1 wherein said body has a slot
therein proximate said cavity for receiving a keying pin
on the connector.

7. The device of claim 2 wherein:

said arm member is a cantilever mtegra.lly formed

with said body;

said cantilever has a distal end; and

said contacting means further includes a boss formed

—_— near said distal end of said cantilever.
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term nal end ofManar . ‘they coincide. This flush
posrFtioni ng of t ”ﬁ fiber is very useful in "cleave and crinp"
oper ati ons wher €i'} Wﬂ Hﬂmﬁ | eaved prior to insertion into the .
connector, and t hen St h& cab nf or ci ng fibers (typically KEVLAR strands)
are cri rrped to the backbone of =~ 10 - :

8. The device of claim 2 wherein said body has a slot
therein proximate said cavity for receiving a keying pin
on the connector, said slot being generally aligned with
said arm member.

9. The device of claim 3 wherein said body further
includes registration means for precisely positioning a
terminal end of an optical fiber with respect to an end
face of the ferrule member.

10. The device of claim 7 wherein said boss has a
generally rounded surface.

11. The device of claim 9 wherein said registration
means comprises a depression formed in a bottom sur-
face of said cavity, said depression being generally lo-
cated at a center of said bottom surface.

12. A device for positioning an optical fiber in a con-
nector having a ferrule member located at a forward
end of the connector, an actuation element and a fiber
gripping element which moves from an unactuated state
to an actuated state upon movement of the actuation
element, the device comprising:

a2 body having a cavity therein for receiving the for-

ward end of the connector;

means for releasably securing the forward end of the -

connector in said cavity; and
registration means formed in said body for precisely

positioning a terminal end of an optical fiber with
respect to the forward end of the connector, out-
side of the connector and proximate an end face of
the ferrule member.

13. The device of claim 12 wherein:
~ the ferrule member is generally cylindrical; and

said cavity has a generally cylindrical portion whose

inner diameter is approximately equal to an outer
diameter of the ferrule member.

14. The device of claim 12 further comprising arm
means attached to said body for forcibly contacting the
actuation element of the connector, said arm means
being movable in a direction which is generally perpen-
dicular to an axis of a fiber retained in the connector.

15. The device of claim 12 wherein:

the ferrule member is generally cylindrical, and the

connector further has a collar member attached to
——__ the ferrule member, and a generally tubular hous-
This Sheet Has B ing member surrounding the ferrule member and
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collar 16. Alternatively, as .shown in Figure 8, the bottom surface of
cavity 66 nmay have a depression of a known depth, m‘“ﬂ“ﬂmmm
protrudes beyond ferrule 14 by a controlled am)untﬂ“‘“ IR in
"crinp and polish" operations wherein the{fiber is attached "“o°the
connector and then the termnal end of the fiber is

said collar member has an alignment pin formed
thereon;

said cavity is formed in a generally cylindrical exten-
sion of said body, said extension having an outer
diameter which is approximately equal to an inner
diameter of the housing, and further having a slot
therein for receiving the alignment pin; and

said cavity has a generally cylindrical portion whose
inner diameter is approximately equal to an outer
diameter of the ferrule member.

16. The device of claim 12 wherein said securing
means comprises a pair of latch arms attached to said
body. . .

17. The device of claim 13 wherein said registration
means comprises a depression formed in a bottom sur-
face of said cavity, said depression being generally lo-
cated at a center of said bottom surface.

18. A combined dust cap and actuation tool for an
adhesiveless connector having a ferrule, the cap/tool
comprising:

a body baving a generally cylindrical extension, and
having a cavity formed in said extension for receiv-
ing the ferrule; :

a cantilever arm integrally formed with said body,
said arm extending in a direction generally parallel
with said extension, said arm having a distal end
and a boss formed near said distal end;

means for releasably securing the ferrule in said cav-
ity; and

registration means for precisely positioning a terminal
end of an optical fiber with respect to the ferrule.

19. The cap/tool of claim 18 wherein said securing
means comprises a pair of latch arms attached to said
body on opposite sides of said extensicn, and extending
in a direction generally parallel with said extension.

20. The cap/tool of claim 18 wherein:

the ferrule is generally cylindrical:

the connector further has a generally cylindrical col-
lar attached to the ferrule, and a generally tubular
housing surrounding the ferrule and collar;

said collar has an alignment pin formed thereon;
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polished (along with the end face of the ferrule) against a |lapping film
The depth of the_depLegngﬂaLﬂﬁé?g bottom surface of cavity 66 is
pref erably about one fi ber r. In either case, those skilled in the

art will appreCI Immlnm””mr 's_not d st.urbed derlng

said extension has an outer diameter which is approxi-
mately equal to an inner diameter of the housing,
and further has a slot therein for receiving the

- alignment pin; and

said cavity has a first generally cylindrical portion
whose inner diameter is approximately equal to an
outer diameter of the ferrule, and a second gener-
ally cylindrical portion whose inner diameter is
approximately equal to an outer diameter of the
collar. .

21. A device for positioning an optical fiber in a con-

nector having a generally cylindrical ferrule member at
forward end thereof, a collar member attached to the
ferrule member, a generally tubular housing member
surrounding the ferrule member and collar member, an
actuation element and a fiber gripping element which
moves from an unactuated state t0 an actuated state

~upon movement of the actuation element, the device
comprising:

a body having a cavity therein for receiving the for-
ward end of the connector, said cavity being
formed in a generally cylindrical extension of said
body and having a generally cylindrical portion
whose inner diameter is approximately equal to an
outer diameter of the ferrule member, and said
extension having an outer diameter which is ap-
proximately equal to an inner diameter of the con-
nector housing, and further having a slot therein
for receiving an alignment pin formed on the collar
member of the connector;

means for releasably securing the forward end of the
connector in said cavity; and

registration means formed in said body for precisely
positioning a terminal end of an optical fiber with
respect to the forward end of the connector.

22. A device for positioning an optical fiber in a con-

nector having an actuation element and a fiber gripping

" element which moves from an unactuated state to an
actuated state upon movement of the actuation element,
the device comprising:
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-9- actuation of the gripping el ement because the actuation force is
appli ed general ly perpendicular to fiber axis,

T

a body having a cavity therein for receiving a for-
ward end of the connector;

means for releasably securing the forward end of the
connector in said cavity, including a pair of latch
arms attached to said body; and

registration means formed in said body for preclscly
positioning a terminal end of an optical fiber with

respect to the forward end of the connector.
: ] * E ® *
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rather than along the fiber axis. Tool 60 also facilitates handling of the
connector during the crinp operation wherein the reinforcing fibers of the
frber optic cable are secured about the backbone. The present invention nay
be applied to other types ofiferrule coggectors besi des ST connectors. For

ABSTRACT
A combination dust cap and actuation tool for an opti-
cal fiber connector having a ferrule and an actuation
mechanism for securing a fiber in the connector. The
cap/tool has a body with a cylindrical extension having
a cavity therein for receiving the ferrule, and a cantile-
ver arm formed on the body, extending parallel with the
extension. The cantilever arm has a boss at its distal end
for forcibly contacting the actuation mechanism of the
connector as the arm is moved in a direction perpendic-
ular to the fiber axis. In this manner, the fiber may be
secured to the connector without disturbing the posi-
tion of the fiber. The cavity has a bottom surface which
' may have a depression centrally located therein, so that
a fiber may be secured in the connector with the termi-
nal end of the fiber extending 2 known length beyond

the ferrule.
Figure 5
m ' | This is the replacement sheet
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exanpl e, Figures 9-11 depict a slightly nodified tool 60' which has been
adapted for use with an SC connector. Tool 60" is essentially identical to
tool 60 except for the manner in which the connector is held on the tool.
Specifically, tool 60" has two latch arns 74 which engage the sides of a
conventional SC connector which has beenl -
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nodified to include the fiber gripping elenent. The housing for such an SC
connector 76 has a generally rectangul ar cross-section as shown in Figure
12. In the enbodi rent 60" of the present invention, the cavity within the
tool body has only a single dianeter porg(ﬂ1for-receiving the ferrule. A

tool having no |l atch arns
60

64
4
1
5

71 64 ‘

7 68
72
62
66
64 .
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(simlar to tool 60) may be used with an SC connector; in such an

enmbodi ment (not shown), the extension of the tool body has an inner contour
whi ch nmat ches the outer contour of the asymretric inner sleeve used in a
conventional SC connector, again providing a friction fit to snugly secure
the connector. The present invention may 3t so be

70 64 60
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used with a biconic, rather than ferrule, connector since the
frusto-conical plug of a biconic connector is equivalent to a ferrule.

Al t hough the invention has been described with reference to specific
enbodi nents, this description is not neant to be construed in a limting

sense. Vari ous
11-

TN

PN

60’
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" This Sheet Has Boo RT Flgo 11 This is the replacement sheet

laced
AR O oue; 09 SEP T




modf fications of the disclosed enbodi ment , p@&s melf ﬁ%?akreWﬂatPM§d.l ?f?dmd
gmbodi ments of the invention, will become apparent! 8 enédns: phidd.bdtd paged !1..
the art upon reference to the descrlptlon of the |nW@ﬁhieng&‘Spﬁﬁﬁfﬂtaipmﬁd I5.
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The present invention generally relates to
devices for interconnecting optical fibers, and more
particularly to a comhination dust cap and actuation tool
for an adhesiveless fiber opﬁic connector.

Optical fibers have now surpassed copper wire
as the preferred medium for talecommunications. As with
copper wire, it often becomes necessary to interconnect
optical fibers, for example, during installation or
repair. The present invention is directed to a tool used
to secure an optical fiber to a fiber optic connector, in
order to complete and install such interconnections. 1In
this regard, a fiber optic "connector" often refers to a
device which allows repeatable engaqement and
disengagement of the cable, while a "splice" typically
refers to a device which is used for the permanent
attachment of two cable ends. These terms should not,
however, be construed in a limiting sense as used herein
since the present invention is applicable to the
installation of all classes of fiber optic interconnec-
tion devices. '

The prior art includes ferrule-type fiber optic
connectors having a cylindrical member (the ferrule)
usually made of a ceramic material, zirconia, or alumina,
with a central bore for receiving the fiber. The ferrule
is held by a collar which in turn may be surrounded by
one of ﬁany different coupling shells. For example, a
coupling shell having a bayonet-style latching mechanism
is commonly referred to as an "ST" connector. An
alternative shell having rampéd surfaces which latch onto
lever arms of a :eceptacle"is known as an “SC" connector.
Yet another shell having a simple threaded nut is known
as an "FC" connector. There are many conventional
techniques for securing an optical fiber in ferrule
connectors. One of the most common is the use of a crimp
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fiber is secured by nmovenent of an elenment in a direction generally
per pendi cul ar to the fiber axis. Datec _ o

-2-

tube wnich clamps the fiber optic cable reinforcing
members (i.e., KEVLAR strands) to a backbone attached ta
the ferrule collar. (saé, e.g., US-A- '
5,140,662).:This technique requires the use of a plier-
like crimping tocl to compress the crimp tube about the
backbone.

| In another technique, illustrated in
US~-A-5,088,804 and US4A-5',102,211, . an adhesiveless
optical fiber termination is assembled by driving two
telescopiﬂg workpieces together, compressing an
elastomeric system seated within one of the workpieces to
secure the optical fiber therein. This technique uses a
different,, rather comnlicated. tanl having £we arinmany
elements which heold the workpieces and move toward one
another for actuation. (see also US-A-5,080,460 and US-A-
5,131,063). |

In US-A- 5,040,867, the fiber itself
is secured in a clahping member within the ferrule
collar, and the cable reinforcing strands are
‘additionally secured by a crimping sleeve onto a
backbone. In that design, a locking member slides over
the ferrule collar and clamping member to secure the
fiber. The locking member is actuated by another hand-
held tool which moves the locking member along the axial
direction of the fiber into the rear end of the
connector. A separate dust cap is used to secure the
forward end of the connector in the tool without damaging
the ferrule. -

One problem not addressed by these techniques
is the proper positioning of the terminal end of the
fiber, for example, to coincide with the end face of the
ferrule. The foregoing techniques not only fail to take
this problem into consideration, but they further make
proper positioning difficult since the tools used to
activate these connectors are designed to apply an axial
force, i.e., parallel with the fiber axis, which tends to

cause the fiber itself to move relative to the connector
' ' This is the replacement shest
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- 1f - CLAI MS 1. Device for securing an optical fiber in a connector
hlaving a fiber gripping actuation member, the device ' : :

during tne'clampinq process. Thus, precise registration
of the fiber relative to the ferrule is impossible.
Insartion of the connector into the assembly tocl also
adds a level of difficulty to the installation process.
It is the object of the present invention to provide a tool which
activates the clamping member of a fiber optic connector without
distufﬁing the position of the fiber. According to the invention,
this object is solved by means of a device as defined in claim 1.
The features of preferred embodiments of the invention are listed in
the subclaims each. ' )

The present invention provides an actuation
tool for an optical connector generally comprising a tool
body having a cavity therein for removably receiving the
forward end of the connector, and means for actuating the
clamping member of the connector by exerting a force
generally pérpendicular to the fiber axis, rather than
parallel thereto. In the preferred embodiment, the
actuation means comprises a cantilever arm attached to
the tool body, the arm having a boss at its distal end
positioned with respect to the cavity in the tool body
such that the boss is approximately adjacent to the
clamping member of the connector when the forward end of
the connector is inserted in the cavity.

, The terminal end of the fiber may be precisely
registered to coincide with the ferrule end face by
providing a cavity which is designed to receive the
connector such that thae ferrule end face is mounted flush
with the bottom surface of the cavity. Alternatively,
the terminal end of the fiber may be precisely positioned
slightly beyond the ferrule end face by providing a
depression of known depth in the center of the bottom
surfacae aof the cavity, such that the fiber protrudes
beyond the ferrule end face by a controlled length.
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conﬁrisingr - a body (62) having a cavity (66) therein for receiving a
fiorward end of the connector, and - means (64, 70) attached to said body
(62) for forcibly contacting the actuatlon renber of the connector, sai d

contactlng nmeans (64, 70)
e

The tocl is advantagecusly constructed in the
form of a disposable dust cap so that it may be pre-
installed from the factory, thereby eliminating the need
to insert. .the connector into an assembly tool prior to |
fiber insertion, and providing the impression of an
essentially tool-less connector. The combination dust
cap/actuation tool may be modified for use with ST, ScC,
FC and even biconic-type connectors.

The invention will best be understood by
reference to the accompanying drawings, wherein:

Pigure 1 is a longitudinal cross-section of a
prior art fiber optic connector;

Figure 2 is a transverse cross-section of the
connector of Figqure 1, depicting the internal clamping
element in its unactuated state;

| Pigure 3 is similar to the transverse cross~
section of Figure 2, but depicts the internal clamping
element in its actuated state;

.Pigqure 4 is a top plan view of one embodiment
of the actuation tool of the present invention;

Figure 5 is a sectional view of the tool of
Figure 4 taken along lines 5-5 thereof;

Figure 6 is a sectional view of the tool of
Figure 4 taken along lines 6~6 thereof;

Figure 7 is similar to the sectional view of
Figure 5, additionally depicting the insertion of an ST
connector,

Figure 8 is a detail view of Figure 7
illustrating the precise positioning of the terminal end
of the optical fiber with respect to the connector;

Figure 9 is a top plan view of another
embodiment of the actuation tool of the present

invention;
Figure 10 is a sactional view of the tool of

Figure 9 taken along lines 10-10 thereof;
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exe?ting a force whi ch Is general |y perpendicular to an axis of a
fiber retained in the connector. 2. Device of  <claiml wherein said
contacting nmeans (64, 70) includes an arm nmenber - (64) attached to said body

(62). S
-5

Figure 11 is a sectional view of the tool of
Figure 9 taken along lines 11-11 thereof; and

Figure 12 is similar to the sectional view of
Figure 11, additionally depicting the insertion of an scC
connector. :

' With reference now to the figures, and ‘in
particular with reference to Figures 1-3, there is
depicted an adhesiveless, ferrule connector 19.

Connector 10 is the subject of |
W0-A-93/21547 ~ and is described more fully in that
application. Connector 10 is generally comprised of a -
tubular housing 12 and a ferrule 14 attached to housing
12 by means of a ferrule holder or collar 16. In the
depicted embodiment, collar 16 has an alignment pin 17
which keys (mechanically polarizes) connector 10 to
prevent rotation of ferrule 14 as the connector is
inserted into a conventional receptacle (the receptacle
is not shown). Ferrule 14 has a bore 18 therethrough for
receiving the terminal portion of the optical fiber to be
interconnected. Connector 10 includes many other
conventional components, such as a strain relief boot 21,
which are commonly used in prior art connectors.

Collar 16 also includes a plug or camming
element 20 which engages a fiber gripping element 22.
Fiber gripping element 22 has a groove 24 therein which
is generally aligned with a bore 26 of collar 16, and
with the bore 18 of ferrule 14. An optical fiber
27 enters the rear end of connector 10, passing through
bore 26, fiber gripping element 22, and bore 18. The
terminal end of the fiber is usually positioned to
coincide with the end face of ferrule 14. Camming
elemant 20 and 'fiber gripping element 22 are similar to
the fiber optic splice disclosed in US-A-
4,865,412. As best seen in Figures 2 and 3, fiber
gripping element 22 has two plates or legs 32 and 34
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3. “Device of claim2 wherein said arm menber (64) is a cantilever _
integrally formed with said body (62), said cantilever has a distal end,
and said contacting nmeans (64,70) further includes a boss (70) forned near

sai d di'stal

(70) has a

end of said cantilever. 4. Device of claim3 wherein said boss

-G~
which share a common hinge. As camming alement 20 is _
forcead from its cpeﬁ, undctuatéd state (Figure 2) ta its
closed, actuated state-(?igure 3), side bars of damminq
element 20 forcibly urge legs 32 and 34 toward one _
another, clamping fiber 27 therebetween. Thus, fiber 27
may be securad in connector 10 without the use of epaxy
or octher adhesives. Camming element 20 may have detentes
or bumps 44, 46, 48 and 50 formed on the outer surface
thereof which engage corresponding notches in collar 16
to secure camming element 20 in the open and closed
statas. An opening Si is, provided in housing 12 to allow.
access to camming element 20 soc that it may be pushed
down; actually, the depicted embodiment of connector 16
is an ST connector 'in which opening 51 is formed to
receive a lug on the connector receptacle, thereby
providing a bayonet-style latching mechanism.

With further reference ta Figures 4-7, those
figures illustrate one embodiment 60 of the novel
actuation tool of the present invention. Tool 60 is
designed for use with connector 10, and generally
comprises a tool body 62 and an actuation arm 64 attached
to body 62; arm 64 is preferably integrally formed with
body 60. Accordingly, while tool 60 may be formed of any
durable material, it is preferably constructed of a
resilient polymer which is injection moldable, such as
RADEL (a polyethersulfone) sold by Amoco. Body 62 has a
cavity 66 therein for receiving the forward end of
connector 108. Cavity 66 includes two portions of
different inner diameters for respectively receiving
collar 16 and ferrule 14. Tool 60 may take the form of a

- disposable dust cap which is pre-installed on connector

10 at the factory. Those skilled in the art will
appreciate that pre-installation eliminates the need to
insert the connector into an assembly tool prior to fiber
insertion, thus simplifying the connector assembly, and
providing the impression of an essentially tool-lass
connector. Of course, tool 60 also prevents
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genérally rounded surface. 5. Device of any one of clainms 2 to 4 wherein
said body (62) has a slot (72) therein proximte said cavity (66) for
receiving a keying pin on the connector, said slot (72) being generally
aligned with said arm nenber (64). : a '

_ _ -
contamination of the forward end of connector 10 during
handling. In-ordér to ensure that tocl 60 remains on
connector 10 during shipmént, the (largest) inner
diameter of cavity 66 is preferably approximately equal
to the outer diametef of collar 16; similarly, the _
portion of body 62 having cavity 66 therein is preferably
a cylindrical extension 68 whose outer diameter is '
approximately equal to the inner diameter of housing 12.
In this manner, when connector 10 is inserted in tool 60
(Figure 7), it is held snugly therein by a friction fit.

Turning now to Figure 7, operation of the
actuation tool 60 of the present invention is relatively
straightforward. First, the forward end of connector 10
is inserted into cavity 66. As previously noted, this
step may be performed at the faptory. It may be seen
from Figure 7 that the smaller diameter portion of cavity
66 (which receives ferrule 14) need not have a length
which is exactly equal to ferrule 14, i.e., the length of
this portion of the cavity may be shorter than the length
of ferrule 14 extending beyond collar 16. The next step
is insertion of the fiber into connector 10, i.e., by
threading it into bore 26 of collar 16. The fiber should
be fully inserted until it abuts the bottom surface of
cavity 66. As further explained below, care should be
taken during this and the following step to ensure that
connector 10 is fully inserted into tool 60, i.e., with
the end face of ferrule. 14 also abutting the bottom
surface of cavity 66. When the connector is properly
inserted, camming element 20 is generally located
;djacenﬁ a button or boss 70 formed on actuation arm 64.
In the embodiment 60 of the present invention which is
designed for an ST connector, cylindrical extension 68
has a slot 72 therein for receiving keying pin 17.

Keying the tool in this manner also conveniently aligns
boss 70 over opening 51 and camming element 20.

When the fiber 27 and cownector 10 are in proper

position, fiber gripping element 22 is actuated by
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6. Device of any one of claims 1 to 5 wherein said cavity (66) of said
body (62) has a generally cyllndrlcal portion . for receiving a ferrule
menber | ~~~~~~~~~ ao . -

_a-

depressing actuation arm 64, causing boss 70 ta apply
pressure against camming element 20, tnereby_squeezinq
togéther 1egs 32 and 34, and securing the fiber 18. The
rounded surface of boss 70 faclllhates actuation by
providing a self-centgrlng action if the boss is not
positioned exactly adjacent the camming element. The
distal end 72 of arm 64 preferably extends slightly
beyond boss 70 to allow the user to apply greater
laverage. The natural resilience of the cantilevered
actuation arm 64 causes it to rebound away from camming
element 20 when pressure is released. Connector 10 may
then be removed from tool 60, and tool 60 discarded.

A unigque advantage of tool 60 lies in its
ability to control the position of an inserted fiber
relative to ferrule 14, and to activate fiber gripping
element 22 (thereby securing the fiber in place) without'-

 disturbing the position of the fiber relative to the
ferrule. If the bottom surface of cavity 66 is smooth
and flat, then the end face of ferrule 14 and the
terminal end of the fiber are coplanar, i.e., they
coincide. This flush positioning of the ferrule and
fiber is very useful in "cleave and crimp" operations
wherein the fiber is cleaved prior to insertion into the
connector, and then the cable reinforcing fibers
(typically KEVLAR strands) are crimped to the backbone of
collar 16. Alternatively, as shown in Figure 8, the
bottom surface of cavity 66 may have a depression of a
known depth, so that the fiber protrudes beyond ferrule
14 by a controlled anpunt. This is useful in "crimp and
polish" operations wherein the fiber is attached to the
connector and then the terminal end of the fiber is
polished (along with the end face of the ferrule) against
a lapping £ilm. The depth of the depression in the
bottom surface of cavity 66 is preferably about one fiber
diameter.

In either case, those skilled in the art will
appreciate that the fiber is not disturbed during
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- 12 - provided at the.formard end of the connector, the inner di anet er
of the generally cylindrical portion of said cavity (66) being
approximately equal. to the outer dianeter of the ferrule nmenber.

actuation of the gripping element because the actuation
force is applied generally perpendicular to fiber'axié}
rather than along the fiber axis. Tool 60 also
facilitates handling of the connector during the crimp
operation wherein the reinforcing fibers of the fiber
optic cable are secured about the backbone.

The present invention may be applied to other '
types.of ferrule connectors besides ST connectors. For
example, Figures 9-11 depict a slightly modified tool 60’
which has been adapted for use with an SC connector.

Tool 60’ is essentially identical to tool 60 except for
the manner in which the connector is held on the tool.
'Specifically, tocl 60/ has two latch arms 74 which engage -
the sides of a conventional SC connector which has been
modified to include the fiber gripping element. The
housing for such an SC connector 76 has a generally
rectangular cross-section as shown in Figure 12. In the
embodiment 60/ of the present invention, the cavity
within the tool body has only a single diameter portion
for receiving the ferrule. A tool having no latch arms
(similar to tool 60) may be used with an SC connector; in
such an embodiment (not shown), the extension of the tool
bedy has an inner contour which matches the outer contour
of the asymmetric inner sleeve used in a conventional SC
connector, again providing a friction fit to snugly
secure the connector. The present invention may alsoc be
used with a biconic, rather than ferrule, connector since
the frusto-conical plug of a biconic connector is
equivalent to a ferrule.

Although the invention has been described with
reference to specific embodiments, this description is
not meant to be construed in a limiting sense. Various
modifications of the disclosed embodiment, as well as
alternative embodiments of the invention, will become
apparent to persons skilled in the aft upon reference to
the description of the invention. Specifically, tool 60
may easily be modified for any connector in which the
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7. "Device of claim6 wherein said body (62). further includes registration
means for precisely positioning a term nal end of an optical fiber with
‘respect to an end face of the ferrule nmenber. 8.. Device of claim?7 wherein
said registration neans conprises a depression forned in a bottom surface

. =10~

fiber is secured by movemént of an element in a directiaon
generally perpendicular to the fiber axis. |
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sai d cavity (66), said depression being generally located at a center of
sai d bottom surface. 9. Device of any one of claistto 8, includi ng

means for releasably securing the forward end of th
cavity (66). 10 Devi ce of any one of clainms 1 to 9Tmaﬂﬁ‘ﬂm\“\mn

- 11 -

CLAINMS
1. Device for securing an optical fiber in a connectaer
having a fiber gripping actuation member, the device

comprising:

- a body (62) having a cavity (66) therein for
receiving a forward end of the comnector, and

- means (64,70) attached to said }Sody (62)  for

| forcibly contacting the actuation member of the
connector, said contacting means (64,70)
exerting a force which is generally
perpendicular to an axis of a fiber rstained in
the connector.

2. Device of claim 1 wherein said contacting

means (64,70) includes an axm member (64) attached to
said body (62).

3. Device of claim 2 wherein said arm member (64) is a
cantilaver integrally formed with said body (62),
said cantilever has a distal end, and said contacting
means (64,70) furcther includes a beoss (70) formed
near said distal end of said cantilever.

4. Device of claim 3 wherein said boss (70) has a
genexally rounded surface.

S. Device éf any one of claims 2 to 4 wherein said
body (62) has a slot (72) therein proximate said
cavity (66) for receiving a keying pin on the
connector, said slot (72) being generally aligmed
with said arm member (64).

6. Device of any one of claims 1 to S wherein said
cavity (66) of said body (62) has a generally
cylindrical portion for receiving a ferrule member
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for releasably securing the forward end of the connector in said cavity

(66) I ncl udes

| atch neans (74). 11. Device of claim

Iatch

. néans (.74) corrprll ses a pal.r of latch arns (74) attn"nﬂ""ﬂmﬂ"mm)dy (62)

lo.

11.

=12 -

provided at the forward end of the conrector, the
inner diameter of the generally cylindrical pertioen

‘of said cavity (66) being apnrox:.mat:ely aqual to the

ocuter diameter of the ferrule member.

Device of claim 6 wherein said body (62) further

includes registration means for precisely positioning

a terminal end of an optical fiber with respect to an

end face of the ferrule member.

Device of claim 7 wherein said registration means

comprises a depression formed in a bottom surface of
said cavity (66), said depression being generally
located at a center of said bottom surface.

Device of any one of claims 1 te 8, including means
for releasably securing the forward end of the
comnector in said cavity (66). '

Device of any-one of claims 1 to 9 wherein said means
for releasably securing the forward end of the
connecter in said éavity (66) includes latch
me#ns (74) .

Device of claim 10 wherein said latch means (74)
comprises a pair of latch arms (74) attached to said
bady (62).
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ACTUATION TOOL AND CAP FOR FIBER OPTIC CONNECTOR

“-ABSTRACT

A COMBINATION DUST CAP AND ACTUATION TOOL FOR AN
OPTICAL FIBER CONNECTOR HAVING A FERRULE AND AN
ACTUATION MECHANICM FOR SECURING A FIBER IN THE
CONNECTOR. THE CAP/TOOL HAS A BODY WITH A CYLINDRICAL
EXTENSION HAVING A CAVITY THEREINFOR RECEIVING THE
FERRULE, AND A CANTILEVER ARM FORMED ON THE BODY,
EXTENDING PARALLEL WITH THE EXTENSION. THE CANTILEVER
ARM HAS A BOSS AT ITS DISTAL END FOR FORCIBLY
CONTACTING THE ACTUATION MECHANISM OF THE CONNECTOR AS
THE'ARM IS MOVED IN A DIRECTION PERPENDICULAR TO THE
FIBER AXIS. IN THIS MANNER, THE FIBER MAY BE SECURED
TO THE CONNECTOR WITHOUT DISTURBING THE POSITION OF
THE FIBER. THE CAVITY HAS A BOTTOM SURFACE WHICH MAY
HAVE A DEPRESSION CENTRALLY LOCATED THEREIN, SO THAT
A FIBER MAY BE SECURED IN THE CONNECTOR WITH THE
TERMINAL END OF THE FIBER EXTENDING A EXNOWN LENGTH
BEYOND THE FERRULE.

-FIGURE 7
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