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(57) Abréegée/Abstract:

A dual Interface separable Iinsulated connector comprising a faraday cage molded over a bus bar for use In an electric power
system and a method of manufacturing the same are provided. The faraday cage can be disposed within a semi-conductive shell.
The configuration of the separable Iinsulated connector can provide for easier bonding between the faraday cage and insulating
material. Additionally, the configuration can eliminate or reduce the need to coat the bus bar with an adhesive agent and to smooth
the metal bus bar to remove burrs, other irregularities, and sharp comers from the bar. Manufacturing the dual interface separable
Insulated connector can include molding a semi-conductive rubber faraday cage over a conductive bus bar, inserting the faraday
cage Into a shell, and injecting insulating material between the faraday cage and shell.
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(57) Abstract: A dual mterface separable mnsulated connector comprising a faraday cage molded over a bus bar for use 1n an elec-
tric power system and a method of manufacturing the same are provided. The faraday cage can be disposed within a semi-conduc-
tive shell. The contfiguration of the separable msulated connector can provide for easier bonding between the faraday cage and in-
& sulating material. Additionally, the configuration can eliminate or reduce the need to coat the bus bar with an adhesive agent and
to smooth the metal bus bar to remove burrs, other irregularities, and sharp comers from the bar. Manutfacturing the dual iterface
separable insulated connector can include molding a semi-conductive rubber faraday cage over a conductive bus bar, mserting the
faraday cage into a shell, and injecting mmsulating material between the faraday cage and shell.
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WITH OVERMOLDED FARADAY CAGE

RELATED PATENT APPLICATIONS

[0001] This: patent application is related to co-pending U.S. Patent Application No.
12/072,498, entitled “Separable Connector with Reduced Surface Contact,” filed February
25, 2008; U.S. Patent Application No. 12/072,513, entitled “Push-Then-Pull Operation Of A
Separable Connector System,” filed February 25, 2008; U.S. Patent Application’ No.
12/072,333, entitled *Separable Connector With Interface Undercut,” filed Febmary 25,
2008; and U.S. Patent Application No. 12/072,193, entitled “Method Of Manufacturing A
Dual Interface Separable Insulated Connector With Overmolded Faraday Cage,” filed
February 25, 2008.

TECHNICAL FIELD
[0002] The invention relates generally to separable insulated connector systems for
electric power systems. More specifically, the invention relates to a separable insulated

connector having a molded faraday cage.

BACKGROUND

[0003] Separable insulated connectors provide an electric connection belween
components of an electric power system. More specifically, separable insulated connectors
often connect sources of energy — such as cables carrying electricity generated by a power
plant — to energy distribution systems or components thereof, such as switchgears and
transformers. Other types of separable insulated connectors can connect to other separable
insulated connectors on one or both:of their ends. '

[0004] Depending on the type and function of a separable insulated connector, the
connector can include a variety of different interfaces. For example, many separable
insulated connectors include two interfaces, one at each end of the connector. Scmé
separable insulated connectors can include one male interface and one female interface, two
male interfaces, or two female interfaces.

[0005] An exemplary connector with two female interfaces can, for example, include

a bus bar -- or conductive member that carries current -- connecting the two female
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interfaces. Each female interface can include a “cup” through which one end of a probe can
be mserted and then connected to the bus bar disposed within the separable insulated
connector. The other end of the probe then can be connected to energy distribution
components or other separable msulated connectors.

10006] The cups are typically made from semi-conductive material and thus can serve
as a faraday cage. As used throughout this application, a “semi-conductive” material can
refer to rubber or any other type of material that carries current, and thus can include
conductive materials. The purpose of a faraday cage is to shield all gaps of air within the
mating components of the separable insulated connector, as these air gaps can cause corona
discharge within the connector. This discharge can occur if there is a voltage drop across the
air gaps, and the discharge can corrode the rubber materials often used to make the separable
insulated connector. The faraday cage ensures that the various mating components have the
same electric potential, and thus prevents corona discharge within the mating components.
[0007] Conventionally, the cups of such female-female separable insulated
connectors are made from a rigid, conductive metal, such as copper. The cups, as well as the
bus bar connecting them, are placed within a semi-conductive shell of the separable insulated
connector. Conventional separable msulated connectors also can include various layers of
insulating material -- such as between the cups and the probes inserted therein, between the
cups and the shell, and around the bus bar. The various layers of insulating material used in
conventional separable insulated connectors can provide a barrier to shield the high voltage
components from the exposed shell. Such a configuration can reduce or remove the risk of
electric shock from touching the exterior of the separable insulated connectors.

[0008] This configuration of conventional separable insulated connectors has created
several problems. Notably, it is difficult to bond the insulating material -- which is generally
made from a rubber such as ethylene propylene dienemonomer (EPDM) rubber,
thermoplastic rubbers (TPRs), and/or silicone rubber -- to the cups or the bus bar, both of
which are generally made from metal. Rubber does not typically form a strong bond with
metal. A strong bond between the insulating material and the metal cups and/or bus bar also
1s desirable because without a strong bond, air gaps can form between the metal and
insulating materials. Corona or partial discharge can occur within the air gaps between the
conductive metal and the semi-conductive rubber. The discharge can lead to severe damage
of the insulating material and the connector. Manufacturers of conventional separable

insulated connectors often coat the bus bar and/or cups with an adhesive to enhance the bond
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with the nsulating material. However, in addition to creating an expensive extra step in the
manufacturing process, these adhesives can be toxic and can cause environmental problems
during storage, manufacturing, and disposal.

10009] An additional problem created by the conventional configuration of such
separable 1nsulated connectors also stems from having insulating material bordering the bus
bar. In such a configuration, the surfaces, edges, and corners of the bus bar must be
smoothed and/or softened to remove any burrs, other irregularities, or sharp corners that may
be present on the bar. Absent this step, such items on the bus bar can cause stress to or
otherwise damage the insulating material that surrounds the bus bar, given the difference in
electric potential between the bus bar and the insulating material, thereby causing damage to
the entire separable insulated connector. Thus, manufacturers of conventional bus bars must
pérfonn the time consuming, labor-intensive, and expensive process of smoothing the bus
bars prior to applying the insulating material.

10010} Yet another problem with conventional separable insulated connectors is the
tendency for conventional faraday cages to disconnect from the bus bar. The connection
between conventional faraday cages and bus bars can become loosened during the
manufacturing process, especially when insulating material is injected or otherwise inserted
between the faraday cage and the shell. If the connection between the bus bar and the faraday
cage 1s dropped, the faraday cage may no longer have the same electric potential as the bus
bar, which therefore defeats the purpose of the faraday cage.

[0011] Thus, a need 1n the art exists for a separable insulated connector in an electric
power system that addresses the disadvantages found in the prior art. Specifically, a need in
the art exists for a dual interface separable insulated connector that does not require insulating
material to bond to the bus bar. A need in the art also exists for a dual interface separable
insulated connector with a faraday cage that can bond to insulating material without the use
of an adhesive material, if desired. Yet another need in the art exists for a dual interface
separable insulated connector with a faraday cage — and a method of manufacturing the same
— where the connection between the faraday cage and bus bar is stronger and less likely to

disconnect.

SUMMARY

[0012] The nvention provides a dual interface separable insulated connector for use

In an electric power system that includes a faraday cage that can bond to insulating material
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without the use of adhesive material. The invention also provides a dual interface separable
insulated connector that can prevent the need to bond insulating material directly to a bus bar
disposed therein. Specifically, the invention provides a separable insulated connector with a
dual interface faraday cage made from a semi-conductive rubber material that can be molded
over a bus bar providing a connection between conductive members inserted into the two
interfaces of the faraday cage.

10013} In one aspect, the invention provides a rubber faraday cage that overmolds a
bus bar. The faraday cage can be made from a variety of different materials, including
ethylene propylene dienemonomer (EPDM) rubber, thermoplastic rubbers (TPRs), and
silicone rubber. The rubber used in manufacturing the faraday cage can be mixed with a
conductive material, such as carbon black, thereby causing the faraday cage to be semi-
conductive. Other suitable semi-conductive materials known to those having ordinary skill in
the art and having the benefit of the present disclosure can be used instead of a semi-
conductive rubber.

[0014] The faraday cage can include two interfaces for connecting to two probes.
The probes then can be connected to other separable insulated connectors, switchgear,
transformers, or other energy distribution components. A conductive member, such as a bus
bar, can provide an electrical connection between the two probes inserted into the faraday
cage, as 1s the practice with certain conventional separable insulated connectors utilizing
faraday cages.

10015] Unlike with conventional separable insulated connectors, however, the faraday
cage can be molded over the bus bar, thereby avoiding many of the problems and difficulties
associated with the prior art. Molding the semi-conductive faraday cage over the bus bar can
eliminate the need for insulating material to bond to the metal bus bar. Instead, the semi-
conductive material of the faraday cage can surround the bus bar, and then insulating material
can bond to the semi-conductive material.

[0016] In such a configuration, the bus bar need not be smoothed or finished to
remove burrs, other irregularities, or sharp corners. Because the bus bar can be bordered by a
semi-conductive rubber faraday cage, the rubber faraday cage can have the same or similar
electric potential as the bus bar, and thus any burrs present on the bar may not cause stress or
damage to the rubber faraday cage. Furthermore, the surface of the rubber faraday cage can
be smoothed much more easily than the metal bus bar before insulating material will be

applied to the faraday cage. Thus, in such a configuration, the insulating material can contact
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a smooth, semi-conductive surface (i.e., the faraday cage) without the manufacturer having to
engage 1n the lengthy and costly procedure of smoothing the metal bus bar.

[0017] Another advantage associated with eliminating the need for an insulating
material to bond to the bus bar is the reduction or removal of the need to apply an adhesive
agent to the bus bar. The rubber insulating material can bond to the rubber faraday cage
much more easily than with the metal bus bar. For example, if the insulating material is
applied to the faraday cage in a liquid state, bonding of the insulating material to the faraday
cage can occur upon curing of the insulating material. Thus, a strong, tight bond (i.e.,
without air gaps) can be formed between the rubber faraday cage and the rubber insulating
material without the use of a costly and potentially toxic adhesive agent. Although air gaps
may exist between the bus bar and the faraday cage due to the comparatively poor bonding
ability of rubber to metal, these air gaps do not pose a problem to the separable insulated
connector because the faraday cage and bus bar have the same electric potential.

10018] In another aspect, the invention provides a dual interface separable insulated
connector that includes a semi-conductive outer shell with a faraday cage disposed therein,
the faraday cage having two interfaces. As described previously, the faraday cage --
including each of the two interfaces -- can be made from a semi-conductive rubber material,
such as EPDM, TPR, or silicone mixed with a conductive material such as carbon black.
10019] The shell of the separable insulated connector can be made from the same
material as the faraday cage. For example, the shell also can be made from a semi-
conductive rubber material, such as EPDM, TPR, or silicone mixed with a conductive
material such as carbon black. The separable insulated connector also can include an
insulating layer, as described previously, between the faraday cage and the shell.

10020] The use of a semi-conductive material to form the interfaces or “cups” can
eliminate the need to use an adhesive agent in bonding insulating material to the faraday cage
interfaces. Because the faraday cage -- including the interfaces -- can be made from a rubber
material rather than a metal such as copper, the insulating material can bond to the interfaces
much more easily, as described previously with respect to the bus bar. The use of a semi-
conductive material to form the faraday cage interfaces allows the faraday cage to maintain
the ability -- associated with conventional faraday cages -- to prevent corona discharge.
[0021] The interfaces of the dual interface separable insulated connector can be
configured such that a probe can be inserted into each of the interfaces. When combined with

a bus bar providing an electric connection between the two interfaces, the dual interface
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separable 1nsulated connector can provide an electric connection between the two probes
inserted therein. Thus, upon connection of the two probes to a first energy distribution
component and second energy distribution component, respectively, the separable insulated

connector can provide an electric connection between the two energy distribution

components.

[0022] In yet another aspect, the invention provides a method of manufacturing a dual
interface separable insulated connector that includes a semi-conductive outer shell with a
faraday cage disposed therein. A manufacturer can inject a semi-conductive rubber material

into a mold or press to form the semi-conductive shell. The shell then can be cured and/or

hardened.

[0023] Then, the manufacturer can take a conductive member or bus bar and put it into
a mold or press in the shape of the dual interface faraday cage. Two steel mandrels also can be
inserted into the mold to provide the holes or openings that will form the two interfaces of the
faraday cage. The manufacturer then can inject a semi-conductive rubber material into the
mold to form the faraday cage. The faraday cage -- with the bus bar being disposed therein --

then can be cured and/or hardened.

[0024] The faraday cage then can be inserted into the shell. To fit the faraday cage
into the shell, the shell may need to be cut or split, manufactured to include such a cut or split
therein, or formed into two separate pieces during the molding process. Once the taraday cage
has been inserted into the shell, the shell can be made (or remade) into one piece. Then,
insulating material can be injected into the shell, thereby providing a layer of insulating

material between the faraday cage and the shell. The insulating material then can be cured

and/or hardened, thereby securing the faraday cage within the shell.

[0024a] In yet another aspect, the invention provides a separable insulated connector,
comprising: a shell; a faraday cage disposed within the shell; and a conductive bus bar entirely
disposed within the faraday cage, wherein the shell comprises a first opening and a second

opening, wherein the faraday cage comprises a semi-conductive rubber housing, the
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semi-conductive rubber housing comprising a first cup and a second cup, wherein the bus bar
comprises a first hole and a second hole, wherein the first opening is aligned with the first cup

and the first hole, and wherein the second opening is aligned with the second cup and the

second hole.

[0025] These and other aspects, objects, features, and embodiments of the invention
will become apparent to a person of ordinary skill in the art upon consideration of the

following detailed description of illustrative embodiments, which include the best mode for

carrying out the invention as presently perceived.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Figure 1 1s a cross-sectional side view of a dual interface separable insulated
connector comprising a faraday cage molded over a bus bar, according to an exemplary

embodiment.
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[0027] Figure 2 1s a diagram illustrating an electric power system utilizing a dual
interface separable insulated connector comprising a faraday cage molded over a bus bar,
according to an exemplary embodiment.

[0028] Figure 3 1s a flow diagram illustrating an exemplary method for manufacturing
a dual interface separable insulated connector comprising a faraday cage molded over a bus

bar.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0029] The following description of exemplary embodiments refers to the attached
drawings, in which like numerals indicate like elements throughout the figures.

10030} Figure 1 1s a cross-sectional side view of a dual interface separable insulated
connector 100 comprising a faraday cage 102 molded over a bus bar 106, according to an
exemplary embodiment. The dual interface connector 100 includes a shell 104, a faraday
cage 102 disposed therein, and a bus bar 106 disposed within the faraday cage 102. In the
illustrated embodiment, the dual interface connector 100 includes a first opening 112A and
second opening 112B, and probes 110A, 110B 1s inserted into each of the first and second
openings 112A, 112B, respectively. In an exemplary embodiment, the faraday cage 102 can
include a first cup 108 A and a second cup 108B, corresponding with the shell’s 104 first and
second openings 112A, 112B, respectively. In another an exemplary embodiment, the first
and second probes 110A, 110B can be inserted through the first and second openings 112A,
112B and through the first and second cups 108A, 108B, and then attached to the bus bar
106, thereby providing a connection from the first probe 110A to the second probe 110B. In
another exemplary embodiment, the dual interface connector 100 also can include a layer 114
of insulating material between the faraday cage 102 and the shell 104. As shown in Figure 1,
in exemplary embodiments, both the shell 104 and the faraday cage 102 disposed therein can
have a substantially “U” shape.

[0031] The shell 104 of the dual interface connector 100 can be made from a variety
of matenials. In exemplary embodiments, the shell 104 can be made from semi-conductive
rubber. Examples of suitable rubbers include ethylene propylene dienemonomer (EPDM)
rubber, thermoplastic rubbers (TPRs), and silicone rubber. Any of these rubbers then can be
mixed with a conductive material, such as carbon black or other suitable material, thereby

providing the semi-conductive property for the shell 104.
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[0032] Similarly, the faraday cage 102 of the dual interface connector 100 can be
made from a variety of materials. In an exemplary embodiment, the faraday cage 102 can be
made from the same material used to make the shell 104, For example, the faraday cage 102
can be made from semi-conductive rubber, such as a mixture of a conductive material and
EPDM rubber, TPRs, or silicone rubber.

[0033] The layer 114 of insulating material between the shell 104 and the faraday
cage 102 also can be made from a vaniety of materials. In various exemplary .cmbodiment_s,
the insulating material can be made from any suitable non-conductive material, known to
those having ordinary skill in the art and having the benefit of the present disclosure. In
particular exemplary embodiments, the insulating material can be made from EPDM rubber,
TPRs, or silicone rubber, but without being mixed with a significant amount of conductive
material, thereby reiaining; an insulating property..

[0034] In an exemplary embodiment, the dual interface connector 100 also can
include other insulating layers. For example, the faraday cage 102 can include an additional

insulating layer 11 6A, 116B on the first and second cups 1084, 108B inside the faraday cage

material used in the insulating layer 114 between the shell 104 and faraday cage 102. Inan
altemative exemplary embodiment, the cup insulating layers 116A, 116B can be made from a
different insulating material. Particular exemplary types of insulating materials that cén be
used to form the cup insulating layers 116A, 116B are disclosed in U.S. Patent No. 5,655,921
to Makal et al.

As shown in Figure 1, the cup insulating layers 116A, 116B can be relatively thin

when compared (o the insulating layer 114 between the shell 104 and faraday cage 102.
{00335] In other exemplary embodiments, the shell 104 of the dual interface connector
100 also can include additional insulating layers. For example, as shown in Figure 1, the
shell 104 can include two ihsnla-l.ing'- sleeves 118A, 118B, each one located near the first and
second openings 112A, 112B of the shell 104. As with the cup insulating layers 116A, 116B
described previously, the insulating slecves 118A, 118B can be made from the same material
used in the insulating layer 114 between the shell 104 and faraday cage 102, or alternatively,
from a different suitable material.

[0036] In exemplary embodiments, the additional insulating layers such as the cup
insulating layers 116A, 116B and the [insulatmgSIeevés 118A, [18B can provide additional

insulation for the dual interface connector 100. The cup insulating layers 116A, 116B can
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provide load-break switching for the dual interface connector 100. Additionally, the cup
insulating layers 116A, 116B can protect against partial vacuum flashover which could cause
the connector 100 to be pulled off of a bushing connected thereto. The insulating sleeves
118A, 118B can prevent a switching failure made when separating a probe 110A, 110B from
the connector 100. Absent the insulating sleeves 118A, 118B, a probe 110A, 110B may
contact the semi-conductive shell 104, thereby causing a switching failure.

[0037] In various exemplary embodiments, the shell 104 of the dual interface
connector 100 also can comprise a variety of additional components. For example, as shown
in Figure 1, the shell 104 of the dual interface connector 100 also can include a pulling eye
122. The pulling eye 122 can function as a handle for the dual interface connector 100. The
pulling eye 122 can be pulled or pushed to install the dual interface connector 100 on an
energy distribution component, to adjust the position of the dual interface connector 100, or
to disconnect the dual interface connector 100 from an energy distribution component. In
one exemplary embodiment, the pulling eye 122 can be made from the same material used to
make the shell 104, such as EPDM rubber or another type of rubber. In a particular
exemplary embodiment, the pulling eye 122 can include a steel insert 122b, disposed within
the rubber, providing strength and resilience to the pulling eye 122.

[0038] In another exemplary embodiment, the shell 104 of the dual interface
connector 100 also can include an injection port 120, through which insulating material can
be injected. In yet another exemplary embodiment, the shell 104 can include one or more
ground wire tabs 124 to which a wire can be attached and grounded. Because the shell 104
can be made from semi-conductive rubber, the ground wire can provide ground shield
continuity for the dual interface connector 100, thereby providing deadfront safety for the
shell 104. In other words, the grounded shell 104 can allow operators to touch the exterior of
the dual interface connector 100 safely, thereby removing or reducing the risk of accidental
electric shock.

[0039] In an exemplary embodiment, the first and second probes 110A, 110B can be
made from a variety of conductive materials, such as conductive metals known to those
having ordinary skill in the art and having the benefit of the present disclosure. In one
exemplary embodiment, the probes 110A, 110B can be made from conductive copper. In a
particular exemplary embodiment, the probes 110A, 110B can include a threaded end 126A.,
126B for connection to the bus bar 106.
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[0040] The bus bar 106 can be made from a variety of conductive materials, such as
conductive copper or other metals. Regardless of the particular material used, the bus bar
106 can include two holes 106A, 106B, into which the first and second probes 110A, 110B
can be 1nserted and affixed. In a particular exemplary embodiment, the threaded ends 126A,
126B of the probes 110A, 110B can be screwed into corresponding threads in the holes 106a,
106b of the bus bar 106. The conductive property of the bus bar 106 can carry load current,
and thus can provide an electric connection between the first and second probes 110A, 110B.
10041] In an exemplary embodiment, the faraday cage 102 can be molded over the
bus bar 106, such that entire bus bar 106 is disposed within the faraday cage 102. Because
the bus bar 106 can be overmolded with the faraday cage 102, the bus bar 106 need not be
polished, refined, or smoothed to remove any burrs on the bus bar 106. Instead, in an
exemplary embodiment, the rubber faraday cage 102 can be molded into a smooth, curved
shape, which can take less effort than removing burrs from a metal bus bar 106.

10042] Additionally, because the faraday cage 102 can be made from a semi-
conductive material, it can have the same or similar electric potential as the bus bar 106.
Therefore, any air gaps that may be present between the faraday cage 102 and the bus bar 106
may not cause corona discharge.

10043] In an exemplary embodiment, as described previously, and as shown in Figure
1, the insulating layer 114 can border the faraday cage 102. The bond between the faraday
cage 102 and the insulating layer 114 can be tighter than the bond between the faraday cage
102 and the bus bar 106. In other words, there may few air gaps, if any, between the faraday
cage 102 and the insulating layer 114, which can reduce or eliminate the possibility of corona
discharge between two layers 102, 114 having a different electric potential. In exemplary
embodiments, such a tight bond can be formed relatively easily because both the faraday cage
102 and the insulating layer 114 can be primarily made of rubber materials that bond to each
other easily.

10044] In another exemplary embodiment, as shown in Figure 1, the first and second
cups 108A, 108B of the faraday cage 102 can contact the insulating layer 114 on the outer
side of the cups 108A, 108B. Unlike with conventional cup-shaped faraday cages that can be
made from conductive metal, the first and second cups 108A, 108B of the faraday cage 102
also can bond easily with the insulating material because the cups and the insulating material

can be made from rubber.
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[0045] In another exemplary embodiment, the inner side of the cups 108A, 108B can
contact the cup insulating layers 116A, 116B, as described previously. In yet another
exemplary embodiment, an empty space 128A, 128B can exist in the area inside the cup
insulating layers 116A, 116B. These empty spaces 128A, 128B can be configured such that
bushings capable of interfacing with the probes 110A, 110B can be inserted and secured
theren. In a particular exemplary embodiment, such bushings can be part of — or can be
connected to — another separable insulated connector or an energy distribution component.
[0046] The taraday cage 102 comprises the cups 108A, 108B and the portions that
extend around the bus bar 106.

[0047] Figure 2 1s a diagram illustrating an electric power system 200 utilizing a dual
interface separable msulated connector 100 that comprises a faraday cage 102 molded over a
bus bar 106, according to an exemplary embodiment. In an exemplary embodiment, one end
126A of a first probe 110A can be inserted into the first opening 112A of the dual interface
separable insulated connector 100, the first cup 108A, and the first hole 106A of the bus bar
106, and the other end 226A of the first probe 110A can be inserted into a bushing 230 that
connects to another separable insulated connector such as a T-body connector 232.
Additionally, one end 126B of a second probe 110B can be inserted into the second opening
112B of the dual interface separable insulated connector 100, the second cup 108B, and the
second hole 106B of the bus bar 106, and the other end 226B of the second probe 110B can
be 1nserted into an energy distribution component 234. In such an embodiment, the dual
interface separable insulated connector 100 can provide an electric connection between the T-
body connector 232 and the energy distribution component 234,

[0048] In an alternative embodiment, the dual interface separable insulated connector
100 can connect to the other separable insulated connector without first connecting to a
bushing 230 as shown in Figure 2. In another alternative embodiment, the dual interface
separable insulated connector 100 can connect two separable insulated connectors together,
rather than connecting to an energy distribution component 234. The dual interface separable
insulated connector 100 can connect to a variety of other separable insulated connectors
and/or energy distribution components 234 using a variety of configurations, known to those
having ordinary skill in the art and having the benefit of the present disclosure.

[0049] Figure 3 1s a flow diagram illustrating a method 300 for manufacturing a dual

interface separable insulated connector 100 comprising a faraday cage 102 molded over a bus
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bar 106 according to an exemplary embodiment. The method 300 will be described with
reference to Figures 1 and 3.

[0050] In step 305, liquid semi-conductive rubber 1s injected into a mold for the shell
104 and then cured until the rubber has cured or solidified. Any of the various exemplary
semi-conductive rubbers described previously, such as EPDM rubber, TPRs, or silicone
rubber can be used.

[0051] In an exemplary embodiment, the size, shape, dimension, and configuration of
the mold can be selected based upon the desired size, shape, dimension, and configuration of
the shell 104 of the dual interface separable insulated connector 100. In another exemplary
embodiment, the mold can be shaped to include one or more ground wire tabs 124 and/or a
pulling eye 122. Additionally, 1f the mold is shaped to include a pulling eye 122 on the shell
104, a metal insert can be placed in the mold, approximately the size and shape of the pulling
eye 122, such that the insert can be disposed within the pulling eye 122. As described
previously, the insert can provide additional strength for the pulling eye 122.

10052] In step 310, a first set of steel mandrels 1s placed into a mold for the faraday
cage 102. In an exemplary embodiment, two steel mandrels can be placed into the mold for
the faraday cage 102, and can have a size corresponding with the first and second cups 108A,
108B. In another exemplary embodiment, the width of the first set of steel mandrels can be
wider than the desired width for the first and second cups 108A, 108B, to account for the cup
insulating layers 116A, 116B that may be formed. The first set of steel mandrels can be
inserted into the holes 106A, 106B of the bus bar 106. For example, the first set of steel
mandrels can be screwed into the threads in the holes 106A, 106B of the bus bar 106.
Additionally, as described previously with respect to the shell 104, the dimensions of the
mold can be selected based upon the desired dimensions of the faraday cage 102.

10053] In step 315, the bus bar 106 is placed into the mold for the faraday cage 102 of
the dual interface separable insulated connector 100. Optionally, the bus bar 106 can be
coated with an adhesive agent. Although an adhesive agent may not be necessary, as the
bond between the bus bar 106 and the faraday cage 102 can include air gaps as described
previously, an adhesive agent may be utilized if a stronger bond is desired. Such a bond may
be desired to prevent any warping or tearing of the faraday cage 102, insulating material, or
shell 104 upon adjusting of the dual interface separable insulated connector 100, such as by

pulling on the pulling eye 122.
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[0054] In another exemplary embodiment, first and second holes 106A, 106B can be
created 1n the bus bar 106, such that first and second probes 110A, 110B can be inserted and
attached therein. In another exemplary embodiment, the holes 106A, 106B can be threaded
so as to correspond with threaded ends 126A, 126B of the first and second probes 110A,
110B.

[0055] In step 320, liquid semi-conductive rubber is injected into the mold for the
faraday cage 102. Any of the various exemplary semi-conductive rubbers described
previously, such as EPDM rubber, TPRs, or silicone rubber can be used. The semi-

conductive rubber then can be cured until it has cured and hardened.

10056] In step 325, the faraday cage 102 1s removed from the mold for the faraday
cage 102.
[0057] In step 330, the first set of steel mandrels 1s replaced with a second set of steel

mandrels. In an exemplary embodiment, the second set of steel mandrels are narrower than
the first set. In another exemplary embodiment, the second set of steel mandrels can have a
width substantially equal to the desired width of the first and second cups 108A, 108B. The
second set of steel mandrels can be inserted into the holes 106A, 106B of the bus bar 106.
For example, the second set of steel mandrels can be screwed into the threads in the holes
106A, 106B of the bus bar 106. In an alternative embodiment, a second set of steel mandrels
might not be used, and instead, the hole created by the removal of the first set of steel
mandrels may be left open for the remainder of the manufacturing process. For example, if
the faraday cage 102 will not include cup insulating layers 116A, 116B, then a second set of
steel mandrels may not need to be inserted into the faraday cage 102 after removal of the first
set of steel mandrels.

10058 In step 335, the faraday cage 102 1s placed into a second mold. The second
mold for the faraday cage 102 can be larger in dimension than the first mold, and can be
configured to form the cup insulating layers 116A, 116B of the faraday cage 102 upon the
injection of insulating material into the second mold.

10059] In step 340, hiquid insulating material 1s mjected into the second mold to
insulate the faraday cage 102 and then cured to form the cup insulating layers 116A, 116B.
As described previously, a variety of rubber materials — such as EPDM rubber, TPRs, or
silicone rubber — can be used to form the cup insulating layers 116A, 116B. The insulating

material then can be cured until it has cured and hardened.
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10060} In step 3435, the faraday cage 102 is removed from the second mold, and the
second set of steel mandrels is removed from the faraday cage 102.

10061 In step 350, the faraday cage 102 is inserted into the shell 104. In an
exemplary embodiment, the shell 104 can be cut or split -- or alternatively, the shell 104
could have been formed in step 305 to include a cut or split therein -- to provide additional
flexibility such that the faraday cage 102 can be inserted therein. In an alternative exemplary
embodiment, the shell 104, when formed in step 305, can be formed in two separate pieces,
thereby providing additional flexibility and a larger opening into which the faraday cage 102
can be mserted. After the faraday cage 102 has been inserted into the shell 104, the splits or
pieces of the shell 104 can be attached (or reattached) together, thereby enclosing the faraday
cage 102 within the shell 104.

10062 ] In step 355, the insulating sleeves 118A, 118B are formed and bonded to the
shell 104 of the dual interface separable insulated connector 100. In an exemplary
embodiment, the insulating sleeves 118A, 118B can be formed by injecting suitable
insulating material into a mold for the insulating sleeves 118A, 118B. In another exemplary
embodiment, the insulating sleeves 118A, 118B then can be bonded to the shell 104 of the
dual interface separable insulated connector 100 by using an adhesive. Alternatively, the
insulating sleeves 118A, 118B can be attached to the shell 104 before the insulating sleeves
118A, 118B has completely cured, and thus it can bond to the shell 104 upon curing of the
insulating sleeves 118A, 118B.

10063 ] In step 360, a third set of steel mandrels is inserted into the faraday cage 102.
This third set replaces the second set of steel mandrels removed in step 345. In an exemplary
embodiment, the third set of steel mandrels can be more narrow than the second set. In an
alternative embodiment, instead of replacing the second set of steel mandrels, the hole
created by the removal of the steel mandrels may be left open for the remainder of the
manufacturing process. In an exemplary embodiment, if a third set of steel mandrels replaced
the second set of steel mandrels, then the faraday cage 102 can be inserted into the shell 104
with the third set of steel mandrels inserted therein. In various exemplary embodiments
utilizing a third set of steel mandrels, the third set of steel mandrels can be inserted into the
faraday cage 102 at different stages of the manufacturing process. For example, the third set
of steel mandrels can be inserted into the faraday cage 102 during or after steps 345, 350, or

355, or at any other time during the manufacturing process.
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[0064] In step 365, the sheéll 104.and faraday cage 102 are placed inte a 'third mold,

In an exemplary: étibodiment,: the- third mold ¢an, be configured-to form.the:insulating layet
114 upon injection of insulating material into- the third mold. |

[0065] In:step. 370, _insm_aling;materia_lz._ ii."injféctci' inlo- the shell 104 and then cured:
[n an exemplary: embodiment; the. msula;igg; material injected’in step. 345 can form the
insulating’ layer 114 between the shell 104 and faraday cage 102, In angther éxemplary
embodiment, the insulating material can be inj”ected* through: the ‘infection poit 120. In a
_parhcular embodlmenl the injection port 120:can be opened before injection: and: closed
thereafter. As. descnbcd previously, a variety-of rubber:mateérials — such as. EPDM rubber,
TPRs, or silicone. rubber — can be used to form the insulating, layer 114, The insulating
material then can be: oured until jt has'cired and. hardened

[0066] It an: exemplary embodunent the tlurd set of steel mandrels (if preSent) in the
faraday:cage 102 can be removed from the: far,adayﬁ, cage 102, Inan exemplary embodiment,
the first and second probes 110A, 110B can be inserted into the first and second holes in the
bus bar 106 afier the third et of steel matidrels: hﬁ§3'beéxi:_;§mblvéd from t}fic' faraday-cage 102,
At this point, the dual interface separable insulated eonnéctor 100 can have substantially tie
same form as the exemplary. dﬂal;.ihterfa.pc-'éeparable..-'insulatedfc:onnector 100 shown in Figure
1. . .

[0067] Many- other.modifications, features, and embodiments will become evident to
a person-.of ordinaty skill in the drt havmg the benefit of the prcsent disclosure. -It.should be
appreciated, therefore, that many aspects of the invention were descnbed above by way-of
example only and are not mtended as requxred or essential elements. of the invention unless
CXP’MU}’ stated otherwnsc The scope of the claims should not be limited by the

preferred embodiments set forth in the examples, but should be given the broadest

interpretation consistent with the description as a whole.
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CLAIMS:
. A separable insulated connector, comprising:
a shell;
a faraday cage disposed within the shell; and
O a conductive bus bar entirely disposed within the faraday cage,

wherein the shell comprises a first opening and a second opening,

wherein the faraday cage comprises a semi-conductive rubber housing, the

semi-conductive rubber housing comprising a first cup and a second cup,
wherein the bus bar comprises a first hole and a second hole,
10 wherein the first opening 1s aligned with the first cup and the first hole, and

wherein the second opening is aligned with the second cup and the second

hole.

2. The separable insulated connector of claim 1, wherein the conductive bus bar 1s

In contact with the semi-conductive rubber housing.

15 3. The separable insulated connector of claim 1, wherein the shell comprises

semi-conductive rubber.

4, The separable insulated connector of claim 1, wherein the shell comprises a

mixture comprising ethylene propylene dienemonomer rubber and a conductive material.
5. The separable insulated connector of claim 1, further comprising:
20 a first cup insulating layer disposed within the first cup of the housing; and

a second cup insulating layer disposed within the second cup of the housing.
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6. The separable insulated connector of claim 1, wherein the separable insulated

connector further comprises:
a first probe inserted into the first hole of the bus bar; and
a second probe inserted into the second hole of the bus bar,

o wherein an electrical connection exists between the first probe and the second

probe.

7. The separable insulated connector of claim 6, wherein the bus bar provides the

electrical connection between the first probe and the second probe.

8. The separable insulated connector of claim 1, further comprising a pulling eye

10  coupled to the connector.

9. The separable insulated connector of claim 1, wherein the conductive bus bar is

in contact with the semi-conductive rubber housing.

10. The separable insulated connector of claim 1, further comprising an insulating

layer between the shell and the faraday cage.

15 11. The separable insulated connector of claim 10, wherein the insulating layer

comprises rubber.

12. The separable insulated connector of claim 10, wherein the insulating layer

comprises ethylene propylene dienemonomer rubber.

13. The separable insulated connector of claim 1, further comprising:
20 a first insulating sleeve; and

a second insulating sleeve,
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wherein the first insulating sleeve is disposed around the first opening of the
shell, and
wherein the second insulating sleeve 1s disposed around the second opening of
the shell.
14. The separable insulated connector of claim 13, wherein the first insulating

sleeve comprises rubber, and
wherein the second insulating sleeve comprises rubber.

15. The separable insulated connector of claim 13, wherein the first insulating

sleeve comprises ethylene propylene dienemonomer rubber, and

wherein the second insulating sleeve comprises ethylene propylene

dienemonomer rubber.
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