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(57) Abréegée/Abstract:

A coaxial cable connector including an annular post defining an axial bore therein, a cylindrical collar movably coupled to the post
and a nut rotatably coupled to the post. The post has a shoulder portion defined by an outer surface and a tubular extension
extending axially rearwardly from the shoulder portion and the collar has a forward end movably coupled to the outer surface of the
post shoulder portion. The collar may also be movably coupled to a rearward interior surface of the rotatable nut in a first position
and movable forward to a second position, wherein the collar Is coupled to the outer surface of the annular post.
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ABSTRACT

A coaxial cable connector including an annular post defining an axial bore
therein, a cylindrical' collar movably coupled to the post and a nut rotatably coupled to
the post. The post has a shoulder portion defined by an outer surface and a tubular
extension extending axially rearwardly from the shoulder portion and the collar has a
forward end movably coupled to the outer surface of the post shoulder portion. The
collar may also be movably coupled to a rearward interior surface of the rotatable nut
in a first position and movable forward to a second position, wherein the collar is

coupled to the outer surface of the annular post.



10

15

20

CA 02504457 2007-06-04

COAXIAL CABLE CONNECTOR

FIELD OF THE INVENTION

The present invention relates generally to connectors for terminating coaxial

cable. More particularly, the present invention relates to a coaxial cable connector

having fewer connector components and providing simpler installation.
BACKGROUND OF THE INVENTION

It has long been known to use connectors to terminate coaxial cable so as to

connect a cable to various electronic devices such as televisions, radios and the like.

Conventional coaxial cables typically include a center conductor surrounded
by an insulator. A conductive foil is disposed over the insulator and a braided
conductive shield surrounds the foil covered insulator. An outer insulative jacket
surrounds the shield. In order to prepare the coaxial cable for termination, the duter
jacket is stripped back exposing an extent of the braided conductive shield which 1s
folded back over the jacket. A portion of the insulator covered by the conductive foil
extends outwardly from the jacket and an extent of the center conductor extends
outwardly from within the insulator. Such a prepared cable may be terminated 1n a

conventional coaxial connector.

Prior art coaxial connectors generally include a connector body having an
annular collar for accommodating a coaxial cable, an annular nut rotatably coupled to
the collar for providing mechanical attachment of the connector to an external device
and an annular post interposed between the collar and the nut. Upon assembly to a

coaxial cable, the annular post is inserted between the foil covered 1nsulator and the
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conductive shield of the cable. A resilient sealing O-ring may also be positioned
between the collar and the nut at the rotatable juncture thereof to provide a water
resistant seal thereat. The collar includes a cable receiving end for insertably
recelving an inserted coaxial cable and, at the opposite end of the connector body, the
nut includes an internally threaded end extent permitting screw threaded attachment

of the body to an external device.

This type of coaxial connector further includes a locking sleeve to secure the
cable within the body of the coaxial connector. The locking sleeve, which is typically
formed of a resilient plastic, is securable to the connector body to secure the coaxial
connector thereto. Thus, the prior art coaxial cable connector included four distinct
components: a rotatable nut; a connector body; an annular post; and a locking sleeve.

A coaxial cable connector of this type 1s shown and described in commonly owned
U.S. Patent No. 6,530,807.

Such coaxial connectors are genérally manufactured in large quantities at
relatively low costs. One cost factor in manufacturing these connectors is the number
of connector components that are required for assembly. Thus, eliminating just one
component of the connector could significantly reduce the connector’s manufacturing
cost. Furthermore, fewer components could also simplify the cable installation

process.

It is, therefore, desirable to provide a coaxial connector having fewer
components. In particular, it would be desirable to provide a coaxial connector that
eliminates the need for a locking sleeve altogether. As a result, the number of
components of the connector would be reduced, along with the connector’s associated

manufacturing costs, and the cable installation process would be simplified.

OBJECTS AND SUMMARY OF THE INVENTION

It is an object of the present invention to provide a coaxial cable connector for

terminating a coaxial cable.
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Generally speaking, the present invention may be considered as providing a coaxial
cable connector comprising an annular post defining an axial bore therein, the post having a
forward flanged base portion, a shoulder portion and a tubular extension, the shoulder portion
extending in a rearward direction from the flanged base portion and including an outer
engagement surface formed thereon, the outer engagement surface terminating together with
the shoulder portion at a rearward end of the engagement surface, and the tubular extension
being connected directly to the rearward end and extending axially in the rearward direction
from the rearward end, the flanged base portion, the shoulder portion and the tubular
extension being an integral unitary member, wherein the outer surface of the shoulder portion
1s defined by a first outer diameter, wherein the flanged base portion is defined by a second
outer diameter, the second outer diameter being greater than the first outer diameter, and
wherein the tubular extension is defined by a third outer diameter, the third outer diameter
being smaller than the first outer diameter; a cylindrical collar having a forward end movably
engaged with the outer engagement surface of the post shoulder portion for axial movement
between a first open position to receive a prepared coaxial cable and a second closed position
to lock the cable in the connector; and a nut rotatably engaged to the post shoulder portion.

For coupling the collar to the post, the outer surface of the post shoulder portion and
the forward end of the collar preferably include cooperating detent structure for permitting
axial movable connection of the collar and the post. This cooperating detent structure
preferably includes an annular rib formed on one of the forward end of the collar and the outer
surface of the post shoulder portion and two axially spaced annular grooves formed on the

other of the forward end of the collar and the outer surface of the post shoulder portion. The
annular rib may be provided on the collar and is preferably defined by a rearwardly facing

perpendicular wall and a forwardly facing chamfered wall. In this case, the grooves are

provided on the outer.
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surface of the post shoulder portion and are defined by a forwardly facing
perpendicular wall and a rearwardly facing chamfered wall to permit only forward
movement of the collar on the post from a first position for loosely retaining a coaxial
cable within the connector to a forward second position for securing the cable within

the connector.

In alternative embodiments, the forward end of the collar may be press-fit-on
the outer surface of the post shoulder portion, or it may be threadably engaged with
the outer surface of the post shoulder portion. In any event, the post shoulder portion
preferably includes a rearwardly facing chamfered wall at a transition between the
shoulder portion and the tubular extension to facilitate attachment of the collar to the

post.

In other altemnative embodiments, the collar may be detachably coupled to the
post. Additionally, the collar may include a detachable arm extending outwardly
therefrom for temporarily attaching the collar to the post in an initial configuration.
The detachable arm may include a ring extension extending radially outwardly from
the collar and a ring disposed at an end of the ring extension for attaching the collar to
the post, wherein the ring is sized to be snugly fit on the outer surface of the post
shoulder portion. The ring may include a slot breaking the continuity of the ring for
facilitating perpendicular attachment of the ring to the post shoulder portion and the
ring extension may include a frangible portion disposed where the extension meets the
collar. Moreover, the outer surface of the post shoulder portion and the ring may
include cooperating detent structure for facilitating attachment of the ring to the post
shoulder portion.

In still another alternative embodiment, the collar is movably coupled to a
rearward interior surface of the rotatable nut in a first position and is movable forward
to a second position, wherein the collar is coupled to the outer surface of the annular
post. Here too, cooperating detent structure may be provided to facilitate forward
movable connection of the collar and the post. Specifically, the detent structure
preferably includes an outwardly extending annular rib formed on an outer surface of

the forward end of the collar, an inwardly extending annular rib formed on an inner
4
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surface of the forward end of the collar, a first annular groove formed on the inner

surface of the nut and a second annular groove formed on the outer surface of the post

shoulder portion.

The present invention further involves a method for terminating a coaxial
cable within a coaxial cable connector. The method generally includes the steps of
insefting a prepared end of a coaxial cable into a rearward end of a cylindrical collar
of the connector having a forward end movably coupled to an outer surface of an
annular post of the connector and moving the collar forward on the outer surface of
the annular post to a locked position wherein the cable is secured within the

connector.

In a preferred embodiment of the method, during the moving step, the cable
end is éompressed within an annular chamber formed between the collar and a tubular
extension of the post extending axially rearward from the shoulder portion. Also, the
moving step preferably involves moving the collar from a first position wherein the
cable is loosely retained within the connector to the locked position wherein the cable
is secured within the connector. The moving step further preferably includes the step
of disengaging a rib formed on one of the forward end of the collar and the outer
surface of the annular post from a first groove formed on the other of the forward end -
of the collar and the outer surface of the annular post and engaging the rib in a second
groove formed on the other of the forward end of the collar and the outer surface of

the annular post.

The method may further include the steps of detaching an arm of the collar
from the outer surface of the annular post, detaching the arm from the collar and

movably coupling the forward end of the collar to the outer surface of the annular
post. The inserting step may also include the step of inserting a shield portion of the
prepared end of the coaxial cable into an annular pocket defined between an annular

sleeve portion and a tubular extension of the annular post.

In an alternative embodiment, the prepared end of a coaxial cable is inserted

into a rearward end of a cylindrical collar of the connector that is initially apart from

3
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the annular post. The collar is then movably coupling to an outer surface of the
annular post and moved forward on the outer surface of the annular post to a locked
position wherein the cable is compressed between the inside of the collar and the

outside of the post thereby locking the cable to the connector.

Thus, the connector may be supplied in a configuration wherein the movable
collar is initially temporarily attached to the post by a detachable arm. In this case,
the user would first detach the collar from the post and then frangibly detach the arm
from the collar. The collar would then be attachable to the post in its installation

position for receiving a coaxial cable.

A preferred form of the coaxial connector, as well as other embodiments,
objects, features and advantages of this invention, will be apparent from the following
detailed description of illustrative embodiments thereof, which 1s to be read 1n

conjunction with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective view of the coaxial cable connector of the present

invention including a connector body having a movable collar, a post and a nut.

Figure 2 is a cross-sectional view of the connector shown in Figure 1 with the

movable collar in its first open position.

Figure 3 is a cross-sectional view of the connector shown in Figure 1 with the

movable collar in its second closed position.

Figure 4 is a detailed view of the cooperating detent structure shown in
Figures 2 and 3.

Figure 5 is an exploded cross-sectional view of the termination of a prepared

coaxial cable with the connector of the present invention.
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Figure 6 is a perspective view of an alternative embodiment of the coaxial
cable connector of the present invention shown 1n its initial supplied configuration

including a connector body having a movable collar, a post and a nut.

Figure 7 is a cross-sectional view of the connector shown 1n Figure 6.

Figure 7a 1s an enlarged view of the temporary attachment of the collar to the

post shown 1n Figure 7.

Figure 8 1s a cross-sectional view of the connector shown in Figure 6 with the

movable collar in its first open position.

Figure 9 is a cross-sectional view of the connector shown in Figure 6 with the

movable collar 1n its second closed position.

Figure 10 1s a detailed view of the cooperating detent structure shown in
Figures 7, 8 and 9.

Figure 11 1s an exploded cross-sectional view of the termination of a prepared

coaxial cable prior to insertion within the connector of the present invention.

Figure 12 is an exploded cross-sectional view of the termination of a prepared

coaxial cable after insertion within the connector of the present invention.

Figure 13 is a cross-sectional view of another alternative embodiment of the

present invention showing the collar in 1ts first position.

Figure 14 1s a cross-sectional view of the alternative embodiment shown in

Figure 13 showing the collar in its second or locked position.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is directed to connectors for terminating coaxial cable.

Coaxial connectors of this type are shown and described in commonly owned U.S.

Patent No. 6,530,807 issued August 28, 2003,
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Referring to Figures 1-3, the coaxial cable connector 10 of the present
invention is shown. Contrary to the prior art connectors, connector 10 includes only
three components: a movable collar 12; an annular post 14; and a rotatable nut 16.
The collar 12 is an elongate generally cylindrical member, which may be formed of
metal or plastic, having one end movably coupled to the post 14 and an opposite end
for receiving a coaxial cable. The nut 16 may be in any form, such as a hex nut,
knurled nut, wing nut, etc., and is rotatably coupled to the post 14 for providing
mechanical attachment of the connector to an external device. A resilient sealing O-
ring 18 may be positioned between the collar 12, the post 14 and the nut 16 at the
rotatable juncture thereof to provide a water resistant seal thereat.

The collar 12 includes a cable receiving end 20 for insertably receiving a
prepared end of a coaxial cable. The nut 16 includes an internally threaded end extent
22 permitting screw threaded attachment of the connector body 10 to the external
device. The cable receiving end 20 and the internally threaded end extension 22
define opposite ends of the connector 10.

The annular post 14 includes a flanged base portion 24, which provides for
press-fit securement of the post within a post receiving space in the nut 16. The
annular post 14 further includes an elongated annular shoulder portion 26 having an
outer surface which provides for movable attachment of the collar 12 to the post. The
post 14 also includes an annular tubular extension 28 extending into the collar. The
distal end of the tubular extension 28 includes a radially outwardly extending ramped
flange portion 29 for compressing the outer jacket of the coaxial cable between the
flange portion 29 and the internal diameter of the collar 12 to secure the cable within
the connector. As will be described in further detail hereinbelow, the extension 28 of

- the post 14 and the collar 12 define an annular chamber 30 for accommodating the
jacket and shield of the inserted coaxial cable.

Opposite the cable receiving end 20 of the collar 12 is a forward end 32 which
1s movably coupled to the outer surface of the shoulder portion 26 of the post 14. As
will be described in further detail hereinbelow, the forward end 32 of the collar 12 and

the shoulder portion 26 of the post 14 preferably include cooperative detent structure
8
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which allows for the movable connection of the collar 12 to the post 14 such that the
collar is axially moveable along arrow A of Figures 2 and 3, towards nut 16 from a
first position shown in Figure 2, which loosely retains the cable within the connector
body 10, to a more forward second position shown in Figure 3, which secures the

cable within the connector.

It is envisioned that other types of securing means may be utilized to movably
couple the collar 12 to the annular post 14. For example, the collar 12 may be press-
fit onto the shoulder portion 26 of the collar 12 whereby the cable is locked 1n
position by the friction fit between the post 14 and the collar 12 and between the post
ramped flange 29 and the collar. Alternatively, the post shoulder portion 26 and the
internal diameter of the collar 12 may be provided with mating cooperating threads

for movably securing the collar to the post 14 between its first and second position.

The connector 10 of the present invention is constructed so as to be supplied in
the assembled condition shown in Figure 2, wherein the collar 12 is attached to the
post 14 in its first position. In such assembled condition, and as will be described in
further detail hereinbelow, a coaxial cable may be inserted through the rearward end
20 of the collar 12. The collar 12 may then be moved from the first position loosely
retaining the cable to the second position which is axially forward thereby locking the

cable within the connector.

It is, however, contemplated that the connector 10 may be provided with
securing means such that the collar 12 may be detachably coupled to the post 14 and,
in a manner which will be described 1n further detail hereinbelow, will allow the

coaxial cable to be first inserted directly into the post 14 unobstructed by the collar.
Thereafter, the collar 12, which has been earlier placed around the cable, may be
reattached to the post 14 where it can be moved from the first position to the second

position locking the cable within the connector.

The cooperating detent structure mentioned above 1s but one exemplary
structure employed to provide such attachment and movement of the collar 12 to the
post 14. With additional reference to Figure 4, the cooperating detent structure 1s

9
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shown. Forward end 32 of the collar 12 includes a radially inwardly directed annular
rib 34 extending adjacent the distal end thereof. Rib 34 is defined by a rearwardly
facing perpendicular wall 36 and a forwardly facing chamfered wall 38. The
cooperating detent structure of the present invention further includes the shoulder
portion 26 of the post 14 formed to have two radially outwardly opening annular
grooves 40 and 41 constructed so as to receive the rib 34 of the collar 12. The
grooves 40 and 41 are axially spaced on the shoulder portion 26 of the post to define a
rearward groove 40 and a forward groove 41. Both grooves 40 and 41 may include a
forwardly facing perpendicular wall 42 and a rearwardly facing chamfered wall 44,
which respectively engage the perpendicular wall 36 and the chamfered wall 38 of the
collar b 34. Where it is desired to have the collar 12 detachable from the post 14
when the collar is in its first position, it is preferable to eliminate the perpendicular
wall 42 from the rearward groove 40 and substitute a forwardly facing chamfered wall
In its place. It is also contemplated to have the cooperating detent structure reversed,
wherein an annular rib is provided on the outer surface of the post shoulder portion
and a pair of axially spaced grooves are provided on the inner surface of the forward

end of the collar.

As may be appreciated, the post 14 may be inserted into the forward end 32 of
the collar 12 until the rib 34 of the collar comes to rest within the rearward groove 40
of the post shoulder portion 26. To further facilitate initial assembly of the collar 12
to the post 14, the transition of the post between the shoulder portioh 26 and the
annular tubular extension 28 may also be provided with a rearwardly facing
chamfered wall 46. Upon assembly of the collar 12 to the post 14, the forward
chamfered wall 38 of the collar rib 34 bears against the rearward chamfered wall 46
of the post shoulder portion transition. By its tubular shape, the collar 12 will have
some resiliency at its forward end 32 which will allow the rib 34 to ride over the
rearward chamfered wall 46 of the post shoulder portion 26 until the rib becomes
lockingly resident within the rearward groove 40 of the post shoulder portion. This
defines the first position of the collar 12.

10
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As mentioned above, the cooperative detent structure of the present invention
further includes a radially outwardly extending forward groove 41 formed on the
shoulder portion 26 of the post 14 adjacent the rearward groove 40. Upon continued
coaxial movement of the collar 12 along arrow A, the rib 34 of the collar disengages
the rearward groove 40 and becomes resident within the forward groove 41 to define
the second position of the collar which locks the collar in this position, thereby
locking the cable within the connector.

Having described the components of the connector 10 in detail, the use of the
connector in terminating a coaxial cable may now be described with respect to Figure
5. Coaxial cable 50 includes an inner conductor 52 formed of copper or similar
conductive material. Extending around the inner conductor 52 is an insulator 54
formed of a suitably insulative plastic. A metallic foil 53 1s disposed over the
insulator 54 and a metallic shield 56 is positioned in surrounding relationship around

the foil covered insulator. Covering the metallic shield 56 is an outer insulative jacket

58.

Cable 50 1s prepared 1n conventional fashion for termination by stripping back
jacket 58 exposing an extent of shield 56. A portion of the foil covered insulator 54
extends therefrom with an extent of conductor 52 extending from insulator 54. The

preparation process includes folding back an end extent of shield 56 about jacket 58.

As shown in exploded view in Figure 5, cable 50 may be inserted into the
connector 10 with the collar 12 coupled to the post 14 as shown in Figure 2. In this
technique, the prepared cable 50 is inserted through the rearward end 20 of the collar
12. The extension 28 of the post 14 is inserted between the foil covered insulator 54
and the metallic shield 56 such that the shield and the jacket 58 reside within the
annular region 30 defined between the post 14 and the collar 12. When the collar 12
1s coupled to the post 14 in the first position, as shown in Figures 2 and 5, sufficient
clearance 1s provided between the collar and the post so that extension 28 may be

easily interposed between the insulator 54 and the shield 56 of the cable 50.

11
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Once the cable 50 1s properly inserted, the collar 12 may be moved axially
forward from the first bosition shown 1n Figures 2 and 3, to the second position shown
1in Figure 3. When the collar 12 is moved axially forward, the rib 34 formed in the
forward end 32 of the collar 12 disengages the rearward groove 40 formed in the
shoulder portion 26 of the post 14. Such movement is facilitated by the forward
facing chamfered wall 38 of the collar rib 34 and the cooperating rearward facing
chamfered wall 44 of the rearward groove 40. The collar 12 is moved axially forward
until the collar rib 34 engages the forward groove 41 formed in the shoulder portion
26 of the post 14. In this second position, the jacket 58 and shield 56 of the cable 50
begins to become compressively clamped within the annular region 30 between the
post 14 and the collar 12. The perpendicular walls 36 and 42 of the rib 34 and the
forward groove 41 help to maintain the collar 12 in the second position with respect to
the post 14. A suitable tool may be used to effect movement of the collar 12 from its

first position to its second position securing cable 50 to the connector 10.

As may be appreciated, proper insertion of the cable 50 into the connector
body 10 requires that the cable be inserted in such a manner that the extension 28 of
the post 14 becomes resident between the foil covered insulator 54 and the shield 56.
In certain installation settings, the installer may not have clear and convenient access
when terminating the cable 50. Moreover, insertion may be rendered difficult by poor
cable preparation, which may result in a frayed end. Therefore, it may be difficult for
the installer to blindly insert the cable 50 through the collar 12 and into the connector
body 10. In such situations, the present invention contemplates the ability to
detachably remove the collar 12 from the post 14 so that the cable may be directly
connected to the extension 28 of the post 14.

In these situations, the collar 12 is detachably removed from the post 14 in a
manner facilitated as above described. The collar 12 is then slipped over the cable 50
and moved to a convenient position along the cable length. The end of the foil
covered insulator 54 may then be inserted directly into the post extension 28 so that

the extension is interposed between the foil covered insulator 54 and the shield 56.
Thereafter, the collar 12 may be brought up along the cable 50 and the forward end 32

12
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of the collar may be slipped over the shoulder portion 26 of the post 14. The
respective chamfered walls 38 and 46 of the collar rib 34 and the shoulder portion

transition facilitates insertion of the post 14 into the collar 12 so that the collar rib
becomes resident within the rearward groove 40 as shown in Figures 2 and 5 defining
the first position. Thereafter, as described above, the collar 12 may be moved from
the first position shown in Figures 2 and 5 to a second position shown 1n Figure 3
where the rib 34 becomes resident within the forward groove 41 of the post 14
thereby locking the cable 50 in the connector 10.

Alternatively, the collar 12 may simply be removably press-fit over the post
shoulder portion 26 without the use of any detent structure. In this case, the same

installation method would apply to secure the coaxial cable within the connector.

Referring now to Figures 6-12, an alternative embodiment 110 of the coaxial
cable connector formed in accordance with the present invention is shown. Figures 6,
7 and 7a show the coaxial cable connector 110 of the alternative embodiment 1n 1ts
initial configuration as supplied to an installer. Connector 110 includes three major
components: a movable collar 112; an annular post 114; and a rotatable nut 116. The
collar 112 is an elongate generally cylindrical member, which may be formed of metal
or plastic, and having one end movably coupled to the post 1 14 and an opposite end
for receiving a coaxial cable. The nut 116 may be 1n any form, such as a hex nut,
knurled nut, wing nut, etc., and is rotatably coupled to the post 114 for providing
mechanical attachment of the connector to an extemal device. A resilient sealing O-
ring 118 may be positioned between the collar 112, the post 114 and the nut 116 at the

rotatable juncture thereof to provide a water resistant seal thereat.

The collar 112 is initially temporarily attached to the post 114 by a detachable
arm 113 including a ring 115 and a ring extension 117. The ring 115 1s sized to
receive and be snugly fitted over a shoulder portion 126 of the post 114. The ring 115
may take the form of a split-ring wherein a slot 111 breaks the continuity of the ring
to facilitate easy attachment and detachment of the collar 112 to the post 114. With a
split-ring arrangement, the collar 112 may be attached and detached from the post 114

13
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in a direction perpendicular to the post axis, as opposed to being longitudinally
slipped over the post shoulder section.

The ring 115 further preferably includes a radially inwardly directed annular
rib 119 defined by a rearwardly facing perpendicular wall 121 and a forwardly facing
chamfered wall 123. The rib 119 of the ring 115 engages a radially outwardly
opening annular forward groove 141 formed in the shoulder portion 126 of the post
114 to secure the ring to the post. With additional reference to Figure 10, the forward
groove 141 preferably includes a forwardly facing perpendicular wall 142 and a
rearwardly facing chamfered wall 144, which respectively engages the perpendicular
wall 121 and the chamfered wall 123 of the ring nb 119.

As may be appreciated, the ring 115 may be longitudinally slipped over the
post 114 or, where the ring is a split-ring, it may be laterally snapped 1n place
whereby the rib 119 of the ring comes to rest within the forward groove 141 of the
post shoulder portion 126. To further facilitate initial assembly of the ring 115 to the
post 114, the ring rib 119 is provided with the forward chamfered wall 123 which,
when seated, bears against the rearward chamfered wall 144 of the forward groove
141. However, the rearward facing perpendicular wall 121 of the ring b 119 bearing
against the forward facing perpendicular wall 142 of the forward groove 141 prevents

inadvertent rearward axial movement of the ring 115.

The ring 115 is connected to the collar 112 by a radially outwardly extending
ring extension 117. The ring extension 117 preferably includes a frangible portion
125 disposed where the extension meets the collar 112. The frangible portion 125
may include a perforation, slit, groove or other structure for permitting the ring
extension 117 to be easily and cleanly detached from the collar 112. Once detached
from the collar 112, the detachable arm 113, including the ring 115 and the ring
extension 117, has no further use and may be discarded. The collar 112 is now
preferably slipped over the end of a prepared coaxial cable or, alternatively, the collar

may be attached first to the post 114.

14
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Referring additionally to Figures 8 and 9, the collar 112 includes a cable
receiving end 120 for insertably receiving a prepared end of a coaxial cable. The nut
116 includes an internally threaded end extent 122 permitting screw threaded
attachment of the connector body 110 to the external device. The cable receiving end

120 and the internally threaded end extension 122 define opposite ends of the

connector 110.

The annular post 114 includes a flanged base portion 124 which provides for
press-fit securement of the post within a post receiving space in the nut 116. The
annular post 114 further includes an elongated annular shoulder portion 126 having an
outer surface, which provides for movable attachment of the collar 112 to the post.
However, in this embodiment, the post 114 also includes an annular sleeve portion
127 extending rearwardly from the shoulder portion and an annular tubular extension
128 extending from within the sleeve portion into the collar. The sleeve portion 127
and the tubular extension 128 of the post 114 define an annular pocket 129
therébetween and the post extension 128 and the collar 112 define an annular chamber
130. The distal end of the tubular extension 128 includes a radially outwardly
extending ramped flange portion 131 for compressing the outer jacket ot the coaxial
cable in the annular chamber 130 between the flange portion and the internal diameter

of the collar 112 to secure the cable within the connector. As will be described in

further detail herein below, both the pocket 129 and the chamber 130 are designed for

accommodating the jacket and shield of the inserted coaxial cable.

Opposite the cable receiving end 120 of the collar 112 is a forward end 132
whiéh 1s movably coupled to the outer surface of the shoulder portion 126 of the post
114. As discussed above, the forward end 132 of the collar 112 and the shoulder
portion 126 of the post 114 preferably include cooperative detent structure which
allows for the movable connection of the collar 112 to the post 114 such that the
collar is axially moveable along arrow A of Figures 8-12, towards nut 116 from a first
position shown in Figure 8, which loosely retains the cable within the connector body
110, to a more forward second position shown in Figure 9, which secures the cable

within the connector. Alternatively, since the collar may first be slipped onto the
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cable before insertion of the cable into the post, only the second, locked position may

be provided with cooperating structure to lock the collar in the closed position.

As mentioned above, the connector 110 of the present invention 1s constructed
so as to be supplied in the pre-assembled condition shown in Figures 6 and 7, wherein
the collar 112 is temporarily attached to the post 114 by the detachable arm 113. In a
preferred method of installation, the collar 112, which is still attached to the post 114
in its pre-assembled condition, is slipped onto an end of a prepared cable 150. Once
positioned on the cable 150, the collar 112 is detached from the post 114 via the
frangible arm 113. In this manner, there is less chance that the installer will drop or
lose either of the two components of the connector assembly. After detaching the
collar 112 from such pre-assembled condition, and as will be described in further
detail herein below, a coaxial cable may be inserted through the rearward end 120 of
the collar 112 and connected directly to the post 114. Thereafter, the collar 112 may
be attached to the post 114 where it can be moved from the first position to the second

position locking the cable within the connector.

With additional reference to Figure 10, the cooperating detent structure 1s
shown. Forward end 132 of the collar 112 includes a radially inwardly directed
annular rib 134 extending adjacent the distal end thereof. Rib 134 is defined by a
rearwardly facing perpendicular wall 136 and a forwardly facing chamfered wall 138.
The cooperating detent structure of the present invention further includes the shoulder
portion 126 of the post 114 formed to have two radially outwardly opening annular
grooves 140 and 141 constructed so as to receive the nb 134 of the collar 112. The
grooves 140 and 141 are axially spaced on the shoulder portion 126 of the post to
define a rearward groove 140 and a forward groove 141. Both grooves 140 and 141
may include a forwardly facing perpendicular wall 142 and a rearwardly facing
chamfered wall 144, which respectively engage the perpendicular wall 136 and the
chamfered wall 138 of the collar rib 134. Where 1t 1s desired to have the collar 112
detachable from the post 114 after the collar has been placed in its first position, 1t 1s
preferable to eliminate the perpendicular wall 142 from the rearward groove 140 and
substitute a forwardly facing chamfered wall in its place.
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As may be appreciated, the forward end 132 of the collar 112 may be fitted
over the sleeve portion 127 of the post 114 and slid forward until the rib 134 of the
collar comes to rest within the rearward groove 140 of the post shoulder portion 126.
To facilitate such initial assembly of the collar 112 to the post 114, the nb 134 is
provided with a forward facing chamfered wall 138, as described above. By its
tubular shape, the collar 112 will have some resiliency at 1ts forward end 132 which
will allow the rib 134 to ride over the sleeve portion 127 of the post 114 until the nib
becomes lockingly resident within the rearward groove 140 of the post shoulder
portion 126. This defines the first position of the collar 112.

As mentioned above, the cooperative detent structure of the present invention
further includes a radially outwardly extending forward groove 141 formed on the
shoulder portioh 126 of the post 114 adjacent the rearward groove 140. Upon
continued coaxial movement of the collar 112 along arrow A, the rib 134 of the collar
disengages the rearward groove 140 and becomes resident within the forward groove

141 to define the second position of the collar which locks the collar in this position,
thereby locking the cable within the connector.

Referring to Figures 11 and 12, coaxial cable 150 is prepared in conventional
fashion for termination by stripping back jacket 158 exposing an extent of shield 156.
A portion of the foil covered insulator 154 extends therefrom with an extent of

conductor 152 extending from insulator 154. The preparation process includes

folding back an end extent of shield 156 about jacket 158.

Again, proper insertion of the cable 150 into the connector body 110 requires
that the cable be inserted in such a manner that the extension 128 of the post 114
becomes resident between the foil covered insulator 154 and the shield 156. Thus, as
shown in exploded view in Figures 11 and 12, the collar 112 of the connector
assembly 110 is preferably slipped over the end of a coaxial cable 150 and moved to a
convenient position along the cable length prior to connecting the cable to the post
114. The post 114 may then be detached from the arm ring 115 and the frangible arm
extension 117 may be detached from the collar 112. If desired, the installer may

detach the collar prior to slipping the collar on the cable depending upon the
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installation. In either event, the collar 112 is onriented on the cable 150 so that the
forward end 132 of the collar faces the end of the cable which will be prepared and
inserted into the post 114. The end of the foil covered insulator 154 may then be
inserted directly into the post extension 128 so that the extension is interposed
between the foil covered insulator 154 and the shield 156. The cable 150 is then
further pushed forward whereby the folded-over portion of the shield 156 is inserted
into the post pocket 129 defined between the post sleeve portion and the post tubular
extension 128, as shown in Figure 12. The folded-over portion of the shield 156 that
becomes resident within the post pocket 129 is now protected from damage which
may occur upon further assembly of the connector. In particular, the post pocket 129
protects the exposed portion of the shield 156 from damage that may be caused by the
collar 112 as it is moved forward on the post 114 to lock the cable 150 within the

connector 110 as described further below.

Thereafter, the collar 112 may be brought up along the cable 150 and the
forward end 132 of the collar may be slipped forward over the sleeve portion 127 and
the shoulder portion 126 of the post 114 until the collar rib 134 becomes resident
within the rearward groove 140 as shown in Figures 8 and 9 defining the first
position. As previously mentioned, it is also contemplated that no structure may be

necessary to hold the collar 1 12 in the first position in this alternative embodiment.

Once the cable 150 is properly inserted and the collar 112 is set in its first
posttion, the collar is then further moved axially forward from the first position shown
in Figures 8 and 10, to the second position shown in Figure 9. When the collar 112 is
moved axially forward, the rib 134 formed in the forward end 132 of the collar 112
disengages the rearward groove 140 formed in the shoulder portion 126 of the post
114. Such movement is facilitated by the forward facing chamfered wall 138 of the
collar rib 134 and the cooperating rearward facing chamfered wall 144 of the
rearward groove 140. The collar 112 is moved axially forward until the collar rib 134
engages the forward groove 141 formed in the shoulder portion 126 of the post 114.
A suitable tool majf be used to effect movement of the collar 112 from its first

position to its second position securing the cable 150 to the connector 110. In this
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second position, the jacket 158 of the cable 150 becomes compressively clamped
within the annular chamber 130 between the extension 128 of the post 114 and the
collar 112. Also, the perpendicular walls 136 and 142 of the b 134 and the forward
groove 141 help to maintain the collar 112 in the second position with respect to the
post 114 thereby locking the cable 150 within the connector 110.

Alternatively, the collar 112 may first be assembled to the post 114 in its first
position as shown in Figures 8 and 10 and the cable 150 may be subsequently inserted
into the collar. In this scenario, the prepared cable 150 is inserted throﬁgh the
rearward end 120 of the collar 112 while the collar 1s connected to the post 114 in its
first position. The extension 128 of the post 114 is inserted between the insulator 154
and the metallic shield 156 such that the folded-over portion of the shield resides
within the post pocket 129 defined between the post sleeve portion 127 and the tube
extension 128 and the uncovered jacket 158 resides within the annular region 130
defined between the post 114 and the collar 112. When the collar 112 is coupled to
the post 114 in the first position, as shown in Figures 8 and 10, sufficient clearance is
provided between the collar and the post so that extension 128 may be easily

interposed between the insulator 154 and the shield 156 of the cable 150.

Thereafter, as described above, the collar 112 may be moved from the first
position shown in Figures 8 and 10 to a second position shown 1n Figure 9 where the

rib 134 becomes resident within the forward groove 141 of the post 114 thereby
locking the cable 150 within the connector 110.

Referring now to Figures 13 and 14, still another alternative embodiment of
the coaxial cable connector 200 of the present invention is shown. The connector 200
includes the same three major components: a movable collar 202; an annular post
204; and a rotatable nut 206. However, in this embodiment, the movable collar 202 is
coupled to the nut 206 in a first position and is movable to a second position, wherein

the collar 1s coupled to the post 204.

In particular, the nut 206 in this embodiment extends further rearwardly and
includes a rearward 1interior surface 208 having structure to engage the collar 202 in a
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first position. The post 204 again includes an axial bore 210 therein, a shoulder
portion 212 defined by an outer surface 214 and a tubular extension 216 extending
axially rearwardly from the shoulder portion. However, in this embodiment, the outer
surface 214 of the post shoulder portion 212 includes structure for coupling the collar
202 only 1n 1ts second position. To accomplish this, the forward end 218 of the collar
includes structure on both its outer surface 220 and its inner surface 222 to
respectively engage the inner surface 208 of the nut 206 and the outer surface 214 of
the post shoulder portion 212.

Again, the securing means for coupling the collar 202 to the other connector
components preferably takes the form of cdoperating detent structure, wherein the
outer surface 220 of the pollar 202 includes an outwardly extending annular rib 224
formed thereon and the inner surface 222 of the collar includes an inwardly extending
annular rib 226 formed thereon. Conversely, the inner surface 208 of the nut 206
includes a first annular groove 228 formed thereon and the outer surface 214 of the

post shoulder portion 212 includes a second annular groove 230 formed thereon.

As described above, the annular ribs 224 and 226 and grooves 228 and 230
may be reversed, wherein the grooves are provided on the collar and the nbs are
provided on the nut and the post. As also described above, the annular ribs 224 are
preferably defined by a rearwardly facing perpendicular wall 232 and a forwardly
facing chamfered wall 234 and the annular grooves 228 and 230 are preferably
defined by a forwardly facing perpendicular wall 236 and a rearwardly facing
chamfered wall 238 to permit only forward movement of the collar. Moreover, the
post shoulder portion 212 of this embodiment may also include a rearwardly facing
chamfered wall 240 at a transition between the shoulder portion and the tubular
extension 216 to facilitate attachment of the collar 202 to the post. Finally, the post
may further include an annular sleeve portion (not shown in Figures 13 and 14)
extending rearwardly from the shoulder portion 212, which defines an annular pocket

between the sleeve portion and the tubular extension, as shown in Figures 6-12.

Use of the cable connector 200 shown in Figures 13 and 14 is similar to that

described above. Specifically, a coaxial cable may be inserted through the rearward
20
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end 242 of the collar 202 and the collar may then be moved from its first position, as

shown in Figure 13, thereby loosely retaining the cable, to an axially forward second

position, as shown in Figure 14, thereby locking the cable within the connector.

Although the illustrative embodiments of the present invention have been
described herein with reference to the accompanying drawings, it is to be understood
that the invention is not limited to those precise embodiments, and that various other
changes and modifications may be effected therein by one skilled in the art without

departing from the scope or spirit of the invention.

Various changeé to the foregoing described and shown structures will now be
evident to those skilled in the art. Accordingly, the particularly disclosed scope of the

invention is set forth in the following claims.
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What is Claimed is:

1. A coaxial cable connector comprising:

an annular post defining an axial bore therein, said post having a forward flanged
base portion, a shoulder portion and a tubular extension, said shoulder portion extending in
a rearward direction from said flanged base portion and including an outer engagement
surface formed thereon, said outer engagement surface terminating together with said
shoulder portion at a rearward end of said engagement surface, and said tubular extension
being connected directly to said rearward end and extending axially in said rearward
direction from said rearward end, said flanged base portion, said shoulder portion and said
tubular extension being an integral unitary member, wherein said outer surface of said
shoulder portion 1s defined by a first outer diameter, wherein said tflanged base portion 1s
defined by a second outer diameter, said second outer diameter being greater than said first
outer diameter, and wherein said tubular extension is defined by a third outer diameter, said
third outer diameter being smaller then said first outer diameter;

a cylindrical collar having a forward end movably engaged with said outer
engagement surface of said post shoulder portion for axial movement between a first open
position to receive a prepared coaxial cable and a second closed position to lock the cable 1n
the connector; and

a nut rotatably engaged to said post shoulder portion.

2. The coaxial cable connector as defined 1n claim 1, further comprising a sealing ring

disposed between said post, said collar and said nut.

3. The coaxial cable connector as defined 1n claim 1 or 2, wherein said outer surface of
sald post shoulder portion and said forward end of said collar include cooperating detent
structure for permitting axial movement of said collar and said post from said first position

to said second position.
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4. The coaxial cable connector as defined 1n claim 3, wherein said cooperating detent
structure comprises an annular rib formed on said forward end of said collar and two axially

spaced annular grooves formed on said outer surface of said post shoulder portion.

5. The coaxial cable connector as defined in claim 4, wherein said annular rib 1s
defined by a rearwardly facing perpendicular wall and a forwardly facing chamfered wall
and said grooves are defined by a forwardly facing perpendicular wall and a rearwardly

facing chamfered wall to permit only forward movement of said collar on said post.

6. The coaxial cable connector as defined in claim 1 or 2, wherein said collar is
movable with respect to said post from said first open position for loosely retaining the

coaxial cable within the connector to said second closed position for securing the cable

within the connector.

7. The coaxial cable connector as defined 1n claim 1 or 2, wherein said forward end of

said collar 1s press-fit on said outer surface of said post shoulder portion.

8. The coaxial cable connector as defined in claim 1 or 2, wherein said forward end of

sald collar 1s threadably engaged with said outer surface of said post shoulder portion.

9. The coaxial cable connector as defined in claim 1 or 2, wherein said post shoulder
portion includes a rearwardly facing chamfered wall at a transition between said shoulder

portion and said tubular extension to facilitate attachment of said collar to said post.

10. The coaxial cable connector as defined in claim 1 or 2, wherein said collar is

detachably coupled to said post.

11. The coaxial cable connector as defined in claim 1 or 2, wherein said collar includes a
detachable arm extending outwardly therefrom for temporarily attaching said collar to said

post 1n an 1nitial configuration.
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12. The coaxial cable connector as defined in claim 11, wherein said detachable arm
comprises a ring extension extending radially outwardly from said collar and a ring disposed
at an end of said ring extension for attaching said collar to said post, said ring being sized to

be snugly fit on said outer surface of said post shoulder portion.

13.  The coaxial cable connector as defined in claim 12, wherein said ring includes a slot
breaking the continuity of said ring for facilitating perpendicular attachment of said ring to

saild post shoulder portion.

14, The coaxial cable connector as defined in claim 12, wherein said outer surface of

said post shoulder portion and said ring include cooperating detent structure for facilitating

attachment of said ring to said post shoulder portion.

15.  The coaxial cable connector as defined in claim 12, wherein said ring extension

includes a frangible portion disposed where the extension meets the collar.

16. The coaxial cable connector as defined in claim 1 or 2, wherein said outer surtace of
said shoulder portion is defined by said first outer diameter, and wherein said nut 1s defined
by a minimum inner diameter, said minimum inner diameter of said nut being greater than

said first outer diameter of said shoulder portion.

17.  The coaxial cable connector as defined in claim 2, wherein said sealing ring 1s in

sealing contact with said outer surface of said post shoulder portion.

18. A coaxial cable connector comprising:

a one-piece annular post having a forward tlanged base portion, a shoulder portion
and a tubular extension, said shoulder portion extending in a rearward direction from said
flanged base portion and including a radially outwardly facing engagement surface
extending in a rearward direction and terminating together with said shoulder portion
at a rearward end of said radially outwardly facing engagement surface, and said tubular

extension being connected directly to said rearward end and extending axially in said
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rearward direction from said rearward end, wherein said engagement surface of said
shoulder portion is defined by a first outer diameter, wherein said flanged base portion 1s
defined by a second outer diameter, said second outer diameter being greater than said first
outer diameter, and wherein said tubular extension is defined by a third outer diameter, said
third outer diameter being smaller than said first outer diameter;

a cylindrical collar having a forward end movably engaged with said outer
engagement surface of said post shoulder portion for axial movement between a first open
position to receive a prepared coaxial cable and a second closed position to lock the cable in
the connector; and

a nut rotatably engaged to said post shoulder portion, said outer engagement surface

of said one-piece annular post being insertable within said nut to assemble said nut to said

post.

19.  The coaxial cable connector as defined in claim 18, wherein said outer engagement
surface of said post shoulder portion is defined by said first outer diameter, and wherein said
nut is defined by a minimum inner diameter, said minimum inner diameter of said nut being

greater than said first outer diameter of said shoulder portion.

20.  The coaxial cable connector as defined in claim 18 or 19, further comprising a

sealing ring in sealing contact with said engagement surface of said post shoulder portion.

21. A method for terminating a coaxial cable within a coaxial cable connector, the
method comprising the steps of:

inserting a prepared end of the coaxial cable into a rearward end of a cylindrical
collar of the connector, said collar having a forward end movably coupled to an outer
engagement surface of an annular post of the connector, wherein said annular post has a
forward flanged base portion, a shoulder portion and a tubular extension, said shoulder

portion extending in a rearward direction from said flanged base portion and including said
outer engagement surface formed thereon, said outer engagement surface terminating
together with said shoulder portion at a rearward end of said engagement surface, and said

tubular extension being connected directly to said rearward end and extending axially in
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said rearward direction from said rearward end, said flanged base portion, said shoulder
portion and said tubular extension being an integral unitary member, and wherein said outer
surface of said shoulder portion 1s defined by a first outer diameter, and wherein said
flanged base portion is defined by a second outer diameter, said second outer diameter being
greater than said first outer diameter, and wherein said tubular extension is defined by a

third outer diameter, said third outer diameter being smaller than said first outer diameter;

and

moving said collar axially forward on said outer engagement surface of said annular

post to a locked position wherein said cable is secured within said connector.

22.  The method as defined in claim 21, wherein during said moving step, the cable end

1s compressed within an annular chamber formed between said collar and said tubular

extension of said post.

23.  The method as defined 1n claim 21 or 22, wherein said moving step comprises
moving said collar from a first position wherein said cable is loosely retained within the

connector to said locked position wherein said cable 1s secured within the connector.

24.  The method as defined 1n claim 23, wherein said moving step further comprises the
step of disengaging a rib formed on one of said forward end of said collar and said outer
surface of said annular post from a first groove formed on the other of said forward end of
said collar and said outer surface of said annular post and engaging said rib in a second

groove formed on the other of said forward end of said collar and said outer surface of said

annular post.

25.  The method as defined in any one of claims 21 to 24, wherein prior to said cable

insertion step, the method comprises the steps of:

detaching an arm of said collar from said outer surface of said annular post;
detaching said arm from said collar; and
movably coupling said forward end of said collar to said outer surface of said

annular post.
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26. The method as defined in any one of claims 21 to 25, wherein said inserting step
includes the step of inserting a shield portion of the prepared end of the coaxial cable into an

annular pocket defined between an annular sleeve portion and the tubular extension of said

annular post.

27. A method for terminating a coaxial cable within a coaxial cable connector, the
method comprising the steps of:

inserting a prepared end of the coaxial cable into a rearward end of a cylindrical
collar of the connector;

movably coupling a forward end of said collar to an outer engagement surface of an
annular post of the connector, wherein said annular post has a forward flanged base portion,
a shoulder portion and a tubular extension, said shoulder portion extending 1n a rearward
direction from said flanged base portion and including said outer engagement surtace
formed thereon, said outer engagement surface terminating together with said shoulder
portion at a rearward end of said engagement surface, and said tubular extension being
connected directly to said rearward end and extending axially in said rearward direction
from said rearward end, said flanged base portion, said shoulder portion and said tubular
extension being an integral unitary member, and wherein said outer surface of said shoulder
portion is defined by a first outer diameter, and wherein said flanged base portion is defined
by a second outer diameter, said second outer diameter being greater than said first outer
diameter, and wherein said tubular extension is defined by a third outer diameter, said third
outer diameter being smaller than said first outer diameter; and

moving said collar axially forward on said outer surface of said annular post to a

locked position wherein the cable is secured within the connector.

28.  The method as defined in claim 27, wherein during said step of moving said collar
axially forward, the cable end is compressed within an annular chamber formed between

said collar said tubular extension.
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29.  The method as defined in claim 27 or 28, wherein said step of moving said collar
axially forward comprises moving said collar from a first position wherein said cable is

loosely retained within the connector to said locked position wherein said cable 1s secured

within the connector.

30. The coaxial cable connector as defined in claim 29, wherein said step of moving said
collar axially forward further comprises the step of disengaging a rib formed on one of said
forward end of said collar and said outer surface of said annular post from a first groove
formed on the other of said forward end of said collar and said outer surface of said annular

post and engaging said rib in a second groove formed on the other of said forward end of

said collar and said outer surface of annular post.

31.  The method as defined in any one of claims 27 to 30, wherein prior to said cable

insertion step, the method comprises the steps of:

detaching an arm of said collar from said outer surface of said annular post prior to

movably coupling said collar to said post; and

detaching said arm from said collar.

32.  The method as defined 1n any one of claims 27 to 30, wherein said inserting step
includes the step of inserting a shield portion of the prepared end of the coaxial cable into an

annular pocket defined between an annular sleeve portion and the tubular extension of said

annular post.

33. A coaxial cable connector comprising:

an annular post defining an axial bore therein, said post having a shoulder portion
including an outer surface and a tubular extension extending axially from said shoulder
portion;

a nut rotatably coupled to said post shoulder portion, said nut having an interior

surface; and
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a cylindrical collar having a forward end movably coupled to said interior surface of
said rotatable nut in a first open position to receive a prepared coaxial cable, said collar
being movable forward to a second closed position securing the cable in said connector,

wherein said collar is coupled to said outer surface of said annular post shoulder portion.

34.  The coaxial cable connector as defined in claim 33, wherein said collar and said post

tubular extension define an annular chamber therebetween.

35. The coaxial cable connector as defined 1n claim 33, wherein said interior surface of
said nut, said outer surface of said post shoulder portion and said forward end of said collar

include cooperating detent structure for permitting said forward movable connection of said

collar and said post.

36.  The coaxial cable connector as defined in claim 35, wherein said cooperating detent
structure comprises an outwardly extending annular rib formed on an outer surface of said
forward end of said collar, an inwardly extending annular rib formed on an inner surface of
sald forward end of said collar, a first annular groove formed on said inner surface of said

nut and a second annular groove formed on said outer surface of said post shoulder portion.

37. The coaxial cable connector as defined in claim 36, wherein said annular ribs are
defined by a rearwardly facing perpendicular wall and a forwardly facing chamfered wall
and said annular grooves are defined by a forwardly facing perpendicular wall and a

rearwardly facing chamfered wall to permit only forward movement of said collar.

38. The coaxial cable connector as defined in claim 33, wherein said post shoulder
portion includes a rearwardly facing chamfered wall at a transition between said shoulder

portion and said tubular extension to facilitate attachment of said collar to said post.

39.  The coaxial cable connector as defined in claim 33, wherein said post further
includes an annular sleeve portion extending rearwardly from said shoulder portion, said

sleeve portion and said tubular extension defining an annular pocket therebetween.

29



CA 02504457 2005-04-12

1/12

v
-

20

32



147

|
m
|

- amiEmmh 6 SIS o

4

¢e

V%%

e
...........
.....

- ke f
v D1 .

¢ Old



ct

STz A

N, IR

ol

.

8l

NSV
v

Ol
5 Jld



CA 02504457 2005-04-12

4/12

€S

-3?333’
f"f'ﬂ.”"‘

277747 5\\\

900000

oooooo

ol0l0d0%0%
o‘&%%_
ooooo
m&dﬁi&
!0.’.0...,‘.,

86

0t

cl Pl

8¢

IR “\\\\\
V////b// \\&

. <

_mi_\ ............. T
0C /// r///////////// \\\\\\\\\ \\\\\\\\

G Old

ol

y Old

ol

//////////////////. \\\\\\\\ \\\\\\\\\\
__..F!.i.l\\\\\ 21111l

“ h m i

i {
| M W i
‘

|
(]
_:



5/12

0cl

LEL

cll

¢cl

9 Old



6/12

gLl 9kl

141
8C1

14°

6C1 71

2

Ll

{
N
N

MOt anee

L4

A

611

€21

=l
T N memmmwmmmmww&&§w

GCl

bll

]
]
.
'
.
0

:
] . .
)
. ]
' 1
: H
H
i :
: ;
| :
: i
) -
: .

%////////////////////////////Mﬂmv il <.y, bid

TN

ccl

) 34

61 oA

V. Dla



CA 02504457 2005-04-12
7112

chl 144 oLl

Ovi
14%°

]
'
.
i
.~
’
-
-
.
4
'

24"

0cl NAN DY ./\///“.uxﬁ X, A DI
NI 7

gy 8¢ S 4et -

cel 9¢l 144" f
Il"-
A4

Okl

3 Old

A




8/12

CA 02504457 2005-04-12

2L oL}
dde oz!

., J IAW \\\\\\\W\\\\\\\
///////////I///// ' ///br 4 _~ .“
J// \I\_,i..l.i_....,,IHHH..\‘,\/\\\\\‘\\\\_ _

24

)|
| SANX ) N O s
NN

oclL 8¢l 6CL” yz1

gL
z4! l/f::;J
I.III.I.I'
A4

ctl
OLl

el

o Old



CA 02504457 2005-04-12

9/12

Chl

oLl

1427
cel A4 LeL

eg) o
SRR g ] Hu%\\\\&\

A
VLI TSI T ETIT LS ITNITIIIFS P TT NI TS
NLLLL RS
A/
9 &
_.
q ;
4
. N I LTI TELEIIIE. IITIIIIT S
.

</ )|

/V,,,._\.\ “\\ . \ AR £ .

¥S1 N 7 \\\\\M\\\\\\\\\\\\\\\\\\\
ZL vzl

6C1
LC) S

i
4

< we N pLL (7 O
ovi IHH“A.‘ C ‘
e 7 NM 81 “\\\\ 01 DI

v

ccl



10/12

CA 02504457 2005-04-12

621 ozl
1 4

/////////////////J " ONE

y .

A A Sy S Y 7 A

R T Al 1
RSP AN e 1HY
./f////////////////////.\lﬂ\ o S A A S S S S S S S S 0 - \ ”

W

[A%)

€Sl |

anuuuuuun&mwmmmmmwmmmmmwmmmmmmmmmmmmmmwmm“mmmmmmwmmmmM _ i
\ \} ALV
ek o8t pil

cel oLL

AA

chi

Y 0S1

¢l Old



11/12

CA 02504457 2005-04-12

zzz 022 81T
Z
oL2 v VLC  gez 8€C

//./Aflﬂa ?ﬂffm\ﬂém\\m‘@\}\\\\\\\\\\\\\\\\\\\

— J
A.m.u.lag_; e
eve

mm
Now

el

902
ovc

822 ez
802 f

002

&l Old



12/12

CA 02504457 2005-04-12

7/////"§ _

S\\k‘l‘.‘.‘.‘."
cye
0L -

]z Al

0C f 90¢

00¢

y1 Old



----------

22 — ////////\ \\\\\"&\\ 2 X
/,'///‘/‘?..“;,.—”!m;\.‘\\%

Q\-
H-—-‘.

.’.."....'."

///////’/%////(/ N \\\\\\ \\\




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - abstract drawing

