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(57) Abrege/Abstract:

Stiff and soft materials each provide certain advantages when used in the manufacture of separable insulated connectors, such as
elbow and T-body connectors. Utllizing a shell or an insert that includes one section made from a stiff material and one section
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(57) Abrege(suite)/Abstract(continued):
made from a soft material can provide a separable insulated connector that capitalizes on the advantages associated with both

types of materials. The stiff materials and soft materials can be placed strategically on the shell or insert of the separable insulated
connector to maximize the advantages of each material. For example, the stiff material can be used to form a section of the
separable Insulated connector where strength and durabillity Is most desirable, and conversely, the soft material can be used to
form a section of the connector where flexibility i1s desirable.
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TWO-MATERIAL SEPARABLE INSULATED CONNECTOR

CROSS REFERENCE TO RELATED APPLICATIONS

0001} This patent application claims priority to United States Patent Application No.
[1/809,508, entitled “Jacket Sleeve with Grippable Tabs for a Cable Connector,” filed June 1, 2007.

TECHNICAL FIELD

10002 ] The invention relates generally to separable insulated connectors for electric power
systems. More specifically, the invention relates to a separable insulated connector made of two

separate materials — a stiff material and a soft material.
BACKGROUND OF THE INVENTION

[0003] Separable insulated connectors provide an electric connection between components of
an electric power system. More specifically, separable insulated connectors typically 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.

[0004 ] Two common types of separable insulated connectors that are used for this purpose
are T-body connectors and elbow connectors. Conventional elbow connectors and T-body connectors
are installed into electric power systems and used therein according to simtilar steps. Thus, the
connections described herein with respect to a conventional elbow connector are largely applicable to

a conventional T-body connector, and vice-versa.

[0005] Separable insulated connectors can connect power cables to an energy distribution
component, such as a switchgear or transformer. The power cables are inserted into an opening on one
end (usually the bottom end) of the connector. After the cable is inserted into the connector, the
connector then can be connected to the energy distribution component. More specifically, elbow
connectors often include a bushing with an opening at the top end — and bushings in T-body
connectors often include two openings at the top end — that can be connected to an energy distribution
component. Alternatively, sometimes another apparatus can be connected to the bushings in the

connectors, such as a plug or a probe, which then can be connected to an energy distribution

component.
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10006] Conventional separable insulated connectors often include an external shell
and a semi-conductive insert or faraday cage. The purpose of the insert or 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] The external shell and the semi-conductive insert can be made from a
conductive or semi-conductive material. 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 shell and semi-conductive insert are often made
of a rubber material, such as ethylene propylene dienemonomer (EPDM) rubber,
thermoplastic rubbers (TPRs), silicone rubber, or variety of other suitable materials known to
those having ordinary skill in the art and having the benefit of the present disclosure.

[0008] The EPDM rubber or other suitable materials can be made using a variety of
methods and proportions of components, such that the EPDM rubber can be stiff, soft, or
somewhere in between. One particular difficulty that manufacturers of separable insulated
connectors face is in determining how flexible a material (such as EPDM rubber) to use in
manufacturing the components of a connector. This difficulty arises because a soft shell or
insert has certain advantages and disadvantages when compared to a stiff shell or insert.
[0009] For example, given that the shell of the connector may be connected to a
cable, plug, probe, or energy distribution component, a soft shell may be more flexible in
accommodating such cables, plugs, probes, or energy distribution components of a variety of
sizes when compared to a stiff shell. The accommodation of an increased variety of cables,
plugs, probes, or energy distribution components allows greater flexibility and adaptability
for the entire electric power system. The same advantage is true for a soft insert, when
compared with a stiff insert.

[0010] However, soft shells and inserts may not provide the strength and durability
that 1s desirable for separable insulated connectors. A soft shell or insert may be more likely
to warp 1n case of a power surge or fault current, and may be more likely to accidentally
disconnect from the cable and/or energy distribution component. A power surge or fault

current can create magnetic forces that repel a soft shell of a separable insulated connector off
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from a bushing connected thereto. Additionally, a soft shell or insert may not be easily
moved, disconnected, or adjusted without tearing or causing other damage to the connector.
[0011] Shells and inserts for conventional separable insulated connectors are
therefore often made from a material toward the middle of the stiff and soft spectrum, to
capitalize on some of the advantages of each. With such an approach, however, the shells
and 1nserts also retain some of the disadvantages of a stiff or soft material, and fail to
maximize the advantages of each material.

[0012] Thus a need in 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 separable insulated connector that includes a shell and/or semi-conductive
insert that capitalizes on the advantages of both a soft material and a stiff material, while

minimizing the disadvantages associated with each.

SUMMARY OF THE INVENTION

[0013] The invention provides a separable insulated connector for use in an electric
power system that includes a shell and/or semi-conductive insert that is configured to
capitalize on the advantages of both a soft material and a stiff material, while minimizing the
disadvantages associated with each. Specifically, the invention provides a separable
insulated connector that includes a shell and/or semi-conductive insert made of at least two
materials -- one relatively stiff and one relatively soft. The separable insulated connector can
be made of a soft material in areas on the connector where greater flexibility is desired.
Conversely, the separable insulated connector can be made of a stiff material in areas where
greater strength 1s desired.

[0014] In one aspect, the invention provides a shell for a separable insulated
connector made of two materials — one stiff and one soft. The stiff and soft materials can
both be rubber, such as EPDM rubber, though the rubber can be manufactured differently to
achieve the different strength and flexibility. Other materials such as thermoplastic rubbers
(I'PRs), silicone rubber, or other suitable materials known to those having ordinary skill in
the art and having the benefit of the present disclosure can be used instead of EPDM rubber.
Any reterence 1n this disclosure to a specific type of material, such as EPDM rubber, shall be
intended as an example, and not to limit the scope of the invention.

[0015] Regardless of the particular material used, the soft material can be used in

areas on the shell where increased flexibility is desired. For example, the soft material can be
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used to make the area of the shell that connects to cables, plugs, probes, or energy distribution

components.

[0016] Conversely, the stiff material can be used in other areas on the shell, where
increased strength is desired. For example, the stiff material can be used to make the
longitudinal portion of the connector, to protect against warping in case of a power surge or

lightening strike. The stiff material also can be used in making a "pulling eye" or handle for

adjusting the connector.

[0017] In another aspect, the invention provides a semi-conductive insert for a
separable insulated connector that is made of at least one stiff material and one soft material.
As with the materials used in making the shell, the stiff and soft materials both can be EPDM
rubber. Each material can be used in areas on the insert where the respective advantages of
each material are desired. For example, the semi-conductive insert can include a portion for
contacting a cable, plug, probe, or energy distribution component that is made of the soft

material, and the remainder of the insert can be made of the stiff material.

[0018] In yet another aspect, the invention provides a separable insulated connector
that includes at least one stiff area and one soft area. The separable insulated connector can
comprise an elbow connector, a T-body connector, or any other type of separable insulated
connector known to those having ordinary skill in the art and having the benefit of the present
disclosure. The stiff and soft areas can be located on a shell of the separable insulated
connector or on a semi-conductive insert disposed within the separable insulated connector.
Alternatively, the separable insulated connector can include a shell and a semi-conductive
insert, both of which can include a stiff area and a soft area. By including both a stiff area and
soft area, the separable insulated connector can capitalize on the advantages associated with

both stiff and soft materials in the manufacture of conventional separable insulated

connectors.

[0018a] In yet another aspect, the invention provides a separable insulated connector,

comprising: an external shell for grounding said connector, wherein said shell comprises at
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least one of a conductive material and a semi-conductive material, wherein said shell
comprises a first portion comprising a first material, a bushing entrance for connection to an
energy distribution component, the bushing entrance comprising at least a part of said first
portion, a second portion comprising a second material that is more flexible than said first
material, and a cable entrance for receiving a cable, the cable entrance comprising at least a
part of said second portion; an insert disposed within said external shell, wherein said insert
comprises at least one of a conductive material and a semi-conductive material, wherein said
insert is a faraday cage; and insulating material directly disposed between said external shell
and said insert such that an interior surface of the external shell covers substantially an entire
outer surface of the insulating material, wherein said insulating material 1s non-conductive,

wherein said insulating material prevents a voltage breakdown between said shell and said

insert.

[0018Db] In yet another aspect, the invention provides a separable insulated connector,
comprising: an external shell for grounding said connector, wherein said shell comprises at
least one of a conductive material and a semi-conductive material; a single insert disposed
within said external shell, wherein said insert comprises a first portion comprising a first semi-
conductive material, and a second portion comprising a second semi-conductive material that
is more flexible than said first material, wherein said insert 1s a faraday cage; and insulating
material directly disposed between said external shell and said insert, wherein said 1nsulating

material 1s non-conductive, wherein said insulating material prevents a voltage breakdown

between said shell and said insert.

[0018c¢] In yet another aspect, the invention provides a separable insulated connector,
comprising: an external shell for grounding said connector, wherein said shell comprises at
least one of a conductive material and a semi-conductive material; a semi-conductive insert
disposed within said external shell, wherein said semi-conductive insert is a faraday cage; and
insulating material directly disposed between said external shell and said semi-conductive
insert such that an interior surface of the external shell covers substantially an entire outer

surface of the insulating material, wherein said insulating material is non-conductive, wherein
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said insulating material prevents a voltage breakdown between said shell and said insert,
wherein at least one of said external shell, said semi-conductive insert, and said insulating
material comprises a first portion, a bushing entrance for connection to an energy distribution
component, the bushing entrance comprising at least a part of said first portion, a second
portion, and a cable entrance for receiving a cable, the cable entrance comprising at least a
part of said second portion, wherein said first portion comprises a first material, and wherein

said second portion comprises a second material that is more flexible than said first material.

[0018d] In yet another aspect, the invention provides a separable insulated connector,
comprising: a shell for grounding said connector, wherein said shell comprises a first portion
comprising a first material, wherein said first portion comprises a bushing entrance for
connection to an energy distribution component, and a cable entrance for receiving a cable,
and a sleeve comprising a second material, the sleeve being disposed around said bushing
entrance of the first portion, wherein the first material is more flexible than the second
material; an insert disposed completely within said shell, wherein said insert 1s a faraday cage;
and insulating material directly disposed between said shell and said insert such that an
interior surface of the shell covers substantially an entire outer surface of the insulating
material, wherein said insulating material 1s non-conductive, wherein said insulating material

prevents a voltage breakdown between said shell and said 1nsert.

[0018e] In yet another aspect, the invention provides a separable insulated connector,
comprising: a shell for grounding said connector, said shell comprising a first portion, a
bushing entrance for connection to an energy distribution component, the bushing entrance
comprising at least a part of said first portion, a second portion, and a cable entrance for
receiving a cable, the cable entrance comprising at least a part of said second portion, the first
portion being more flexible than the second portion; an insert disposed completely within said
shell, wherein said insert is a faraday cage; insulating material directly disposed between said
shell and said insert such that an interior surface of the shell covers substantially an entire
outer surface of the insulating material, wherein said insulating material 1s non-conductive,

wherein said insulating material prevents a voltage breakdown between said shell and said
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insert; and a band disposed around at least a portion of the first portion of the shell, wherein

the first portion of the shell is more flexible than the band.

[0019] 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 1llustrative embodiments, which include the best mode for

carrying out the invention as presently perceived.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Figure 1 is a cross-sectional side view of an elbow connector having a stiff area

and a soft area, according to an exemplary embodiment.
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[0021] Figure 2 is a cross-sectional side view of a T-body connector having a stiff
area and a soft area, according to an exemplary embodiment.
10022] Figure 3 is a cross-sectional side view of an elbow connector having a stiff

area and a soft area, according to an alternative exemplary embodiment.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

10023] The tfollowing description of exemplary embodiments refers to the attached
drawings, in which like numerals indicate like elements throughout the several figures.

10024] Figure 1 1s a cross-sectional side view of an elbow connector 100 having a
stiff area 106 and a soft area 108, according to an exemplary embodiment. The elbow
connector 100 includes a shell 102 that includes a bushing entrance 110 having an opening
112. In the illustrated embodiment, a probe 114 is partially disposed within the opening 112
of the bushing entrance 110. In alternative exemplary embodiments, the opening 112 can be
used to attach the elbow connector 100 to a switchgear, transformer, or other energy
distribution component to which the elbow connector 100 may be connected. In an
exemplary embodiment, as shown in Figure 1, the probe 114 or other similar bushing may be
inserted into the opening 112, and then the probe 114 may be inserted into an energy
distribution component.

[0025] The shell 102 of the elbow connector 100 also can include a pulling eye 116.
The pulling eye 116 can function as a handle for the elbow connector 100. The pulling eye
116 can be pulled or pushed to install the elbow connector 100 on an energy distribution
component, to adjust the position of the elbow connector 100, or to disconnect the elbow
connector 100 from an energy distribution component.

10026} In an exemplary embodiment, the elbow connector 100 also can include a
semi-conductive insert 104. The semi-conductive insert 104 can be disposed within the shell
102, as shown 1n Figure 1. In a particular exemplary embodiment, the semi-conductive insert
104 can include an upper section 124 that is disposed within the bushing entrance 110 of the
shell 102. In such an embodiment, the upper section 124 of the semi-conductive insert 104
can include an opening configured to accept a cable, plug, probe 114, or another an energy
distribution component inserted into the bushing entrance 110 of the shell 102.

[0027] In another exemplary embodiment, the semi-conductive insert 104 can be
made of the same material used in the manufacture of the shell 102. For example, the semi-

conductive insert 104 can comprise EPDM rubber with carbon black mixed in, thereby
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providing the semi-conductive property for the semi-conductive insert 104. In an alternative
embodiment, the semi-conductive insert 104, as well as the shell 102, can comprise any other
type of suitable semi-conductive material known to those having ordinary skill in the art and
having the benefit of the present disclosure. Examples of these materials include
thermoplastic rubbers (TPRs) and silicone rubber.

10028] In various exemplary embodiments, the elbow connector 100 also can
comprise a variety of additional components and features. For example, the elbow connector
100 can utilize a cable adapter. An exemplary cable adapter 216 is shown in Figure 2, shown
inserted into an exemplary T-body connector 200, which will be discussed in more detail
with reference to Figure 2. A cable adapter 216 can be inserted into the semi-conductive
insert 104 of the elbow connector to increase the variety of cables that can be used with the
connector. As shown in Figure 2, an exemplary cable adapter 216 can include a semi-
conductive section 236 and an insulating section 238. Both sections 236, 238 can comprise
EPDM rubber, with the semi-conductive section 236 further including carbon black or other
suitable conductive materials.

10029] In exemplary embodiments, each cable adapter 216 can be designed to accept
a range of cable widths, each width within the range being sufficiently narrow to fit within
the opening provided, and sufficiently wide to be secured within the cable adapter 216. Each
elbow connector 100 -- or in more specific exemplary embodiments, each semi-conductive
isert 104 -- then can be designed to accept a range of cable adapter 216 widths, thereby
enabling each elbow connector to accept a large range of cable widths.

10030] In other exemplary embodiments, the elbow connector 100 also can include a
compression connector 128. A compression connector 128 can be disposed within the semi-
conductive insert 104 and can crimp a cable inserted into the elbow connector 100, holding it
in place and allowing power to transfer from the cable to the elbow connector 100. In an
exemplary embodiment, the top of the conductive compression connector 128 can contact --
whether directly or indirectly -- a cable, plug, probe 114, or energy distribution component
inserted into the bushing entrance 110 of the elbow connector 100, as shown in Figure 1.
10031] Additionally, in exemplary embodiments, the elbow connector 100 can
include a capacitive test point 130. The capacitive test point 130 can be molded on the shell
102 of the elbow connector 100. The capacitive test point 130 can provide a location on
which a fault indicating device, or other similar device, can be mounted to determine whether

problems or irregularities exist with the electric power passing through the elbow connector
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100. In an exemplary embodiment, a protective cap 132 can be placed on the capacitive test
point 130 when 1t is not in use.

10032] In exemplary embodiments, as shown in Figure 1, the shell 102 of the elbow
connector 100 also can include a ground wire tab 134, to which a wire can be attached and
grounded. Because the shell 102 can be made of semi-conductive EPDM rubber, the ground
wire can provide ground shield continuity for the elbow connector 100, thereby providing
deadfront safety for the shell 102. In other words, the grounded shell 102 can allow for
operators to touch the exterior of the elbow connector 100 safely, thereby removing or
reducing the risk of accidental electric shock.

[0033] In exemplary embodiments, the shell 102 of the elbow connector 100 can
include at least one soft area 108 and at least one stiff area 106. Various measurements of
“stiffness” and “softness” exist and are known to one of ordinary skill in the art having the
benefit of the present disclosure. For example, such exemplary measurements include the
tensile stress, elongation, modulus, and durometer of the materials. The modulus
measurements, which refer to the amount of pressure required to stretch (or elongate) the
material a given percentage, can be taken at a variety of elongation percentages.

10034] Regardless of the measurement used, in various exemplary embodiments, the
terms “soft” and “stiff” can refer to the relative hardness of two different materials. For
example, in particular embodiments, a soft material can comprise a material having between
1% and 15% lower tensile stress than a stiff material. Alternatively, a soft material can
comprise a material having between 1% and 40% greater elongation than a stiff material
and/or a material having between 5% and 25% lower durometer than a stiff material. In
another embodiment, a soft material can comprise a material having between 10% and 60%
lower modulus at a variety of elongation percentages (i.e., at 50%, 75%, and 100%
elongation) than a stiff material. In alternative embodiments, the terms “soft” and “stiff’ can
refer to absolute values (as opposed to relative values) of exemplary hardness measurements.
[0035] In an exemplary embodiment, a soft area 108 can be located on or around the
opening 112 of the bushing entrance 110. Such a soft area 108 can provide increased
flexibility and elasticity for the opening 112 of the bushing entrance 110. The soft area 108
can allow for the insertion of a greater variety of cables, plugs, probes 114, and/or energy
distribution components into the opening of the shell 102 when compared to shells of
conventional separable insulated connectors. The soft area 108 also can allow for easier

installation and removal of the connector 100 to or from an energy distribution component.
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10036] In an exemplary embodiment, where the soft area 108 is located on or around
the opening 112 of the bushing entrance 110, or where the entire shell 102 comprises a soft
material, the shell 102 also can include a sleeve 109 surrounding the bushing entrance 110.
Such a sleeve 109 can be made from a relatively stiff material, and thus provide strength and
sturdiness to the shell 102. Thus, while the soft area 108 can provide the desirable flexibility
to allow insertion of a bushing, the sleeve 109 can provide sturdiness to improve the tightness
of the connection between the elbow connector 100 and the bushing inserted therein. The
sleeve 109 also can provide many of the other advantages associated with stiff materials, such
as enhanced durability and resistance to warping due to a power surge or fault current when
compared to a soft material.

[0037] Yet another benefit of the sturdiness provided by the sleeve 109 is that the
bushing entrance 110 may be less likely to “pop off” or get disconnected from the switchgear,
transtormer, or other energy distribution component to which the elbow connector 100 is
connected. Without a sleeve 109, a soft material -- whether part of the shell 102 or insulating
material 126 -- located at or near the bushing entrance 110 may turn inside out during a fault
close. A fault close can cause a blast or explosion, and if the elbow connector 100 or the
bushing entrance 110 turn inside out, the forces of the explosion may be directed toward the
operator, instead of away from the operator.

10038] In exemplary embodiments, the shell 102 of the elbow connector 100 also can
include at least one stiff area 106. For example, as shown in Figure 1, the stiff area 106 can
include the portion of the shell 102 that includes the angle 140 formed by the bending of the
elbow connector 100. In such an embodiment, the stiff area 106 can reduce or prevent the
elbow connector 100 from straightening in the event of a power surge or lightening strike.
[0039] In another exemplary embodiment, stiff area 106 of the shell 102 also can
include the pulling eye 116. The stiff material in the pulling eye 116 can provide a strong,
durable handle for installing, removing, or adjusting the elbow connector 100, which is less
likely to tear or shear compared to a softer material. Additionally, the stiff material can
provide increased hoop stress in the pulling eye 116, such that most of the force created from
pulling on the pulling eye 116 can result in actually moving the pulling eye 116. Conversely,
if the pulling eye 116 is made of a softer, more flexible material, the pulling eye 116 may act
as a shock absorber, thereby reducing the amount of force that will be applied to moving the

pulling eye 116 and the elbow connector 100.
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10040] In exemplary embodiments, the stiff area 106 and the soft area 108 of the shell
102 can comprise a variety of materials. In various specific embodiments, both the stiff area
106 and the soft area 108 can comprise EPDM rubber, another type of rubber, or any other
suitable material known to those having ordinary skill in the art and having the benefit of the
present disclosure. In an exemplary embodiment, the shell 102 can comprise a mixture of
EPDM rubber and conductive carbon black, thereby making the shell 102 semi-conductive.
The relative stiffness or softness of the EPDM rubber can be controlled by adjusting the
components mixed with the EPDM rubber. For example, increasing the amount of carbon
black mixed with the EPDM rubber can increase the stiffness in the mixture. Conversely,
mixing EPDM rubber with a lower amount of carbon black can make the mixture softer.
Other factors beyond the amount of carbon black can affect the relative softness or stiffness
ot the mixture. Such factors are known to those having ordinary skill in the art and having
the benefit of the present disclosure.

[0041] Figure 1 includes a dividing line, illustrating an exemplary border 118
between the soft area 108 and the stiff area 106. In various exemplary embodiments, the
border 118 between the stiff and soft areas 106, 108 can be at a variety of suitable locations
along the shell 102. In such embodiments, the border 118 between the soft area 108 and stiff
area 106 of the shell 102 can be chosen to provide the desired stiffness in the “pulling”
section and the desired softness in the “connection’ section.

10042] In a particular exemplary embodiment, the soft area 108 and stiff area 106 of
the shell 102 can form two separate sections that can be bonded together during the
manufacturing process. In an exemplary embodiment, these two distinct sections can overlap
at the joint between them. For example, the soft area 108 can include an opening that is
slightly wider than a corresponding opening in the stiff area 106. In such an embodiment, a
small portion of the stiff area 106 can be inserted into the soft area 108. In an alternative
embodiment, the soft area 108 and the stiff area 106 can be abutted with each other, or in
other words, the soft area 108 can border the stiff area 106 without significant overlap
between the two. In any of these exemplary embodiments, the materials of the stiff and soft
areas 106, 108 can be bonded together.

[0043] In embodiments where the soft area 108 and stiff area 106 form two separate
sections, the two sections can be joined together by a variety of methods. In one exemplary
embodiment, the soft area 108 and stiff area 106 can be formed separately, such as by using

liquid EPDM rubber and separate steel mandrels or molds. The two sections then can be
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adjoined before they are completely cooled and hardened, thereby allowing the two sections
to bond together while they cool.

10044] In another exemplary embodiment, the separate soft area 108 and stiff area
106 sections can be joined after the two pieces have been cooled. In such an embodiment,
the two sections can be held together by an adhesive or other bonding agent. In another
exemplary embodiment, insulating material 126, which will be discussed in more detail
below, can be bond the two sections together upon cooling.

[0045] In an alternative exemplary embodiment, the soft area 108 and stiff area 106
of the shell 102 may not form two separate sections. Rather, the shell 102 may include a
single piece that includes both a soft area 108 and stiff area 106. In an exemplary
embodiment, such a single-piece shell 102 can be formed by using a steel mandrel or mold
that has two separate holes through which the soft material and stiff material can be injected.
In such an embodiment, the two holes can be located on opposite sides of the steel mandrel or
mold. For example, the soft material can be injected through a hole on the side of the mold
that can be used to form the portion of the shell 102 that contains the soft area 108, and the
stitf material can be injected through a hole on the other side of the mold. After injection, the
soft material and stiff material can meet and bond with each other within the mold, thereby
forming a single-piece shell 102 comprising both a soft area 108 and a stiff area 106.

10046] In another exemplary embodiment, the semi-conductive insert 104 can include
at least one soft area 122 and at least one stiff area 120, as described previously with respect
to the shell 102. For example, in an exemplary embodiment, a soft area 122 can be located
on the upper section 124 of the semi-conductive insert 104 that is disposed within the bushing
entrance 110 of the shell 102. The increased flexibility in the soft area 122 of the upper
section 124 of the semi-conductive insert 104 can allow for the insertion of a greater variety
of cables, plugs, probes, and/or energy distribution components into the semi-conductive
insert 104 when compared to semi-conductive inserts of conventional separable insulated
connectors.

10047] In exemplary embodiments, the semi-conductive insert 104 of the elbow
connector 100 also can include at least one stiff area 120. The stiff area 120 of the semi-
conductive insert 104 can correspond with the portion of the semi-conductive insert 104 in
which the cable adapter 216 can be inserted. The stiff area 120 also can include the portion
of the semi-conductive insert 104 that corresponds with the pulling eye 116 of the shell 102.

In another exemplary embodiment, as shown in Figure 1, and as described previously with
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respect to the shell 102, the stiff area 120 can include the portion of the semi-conductive
insert 104 that corresponds with the angle 140 of the elbow connector 100. In such an
embodiment, as with the stiff area 106 of the shell 102, the stiff area 120 of the semi-
conductive insert 104 can reduce or prevent any straightening of the elbow connector 100 in
the event of a power surge or lightening strike.

[0048] A semi-conductive insert 104 that includes at least one soft area 122 and at
least one stiff area 120, such as the exemplary semi-conductive insert 104 shown in Figure 1,
can be manufactured by a variety of methods, as described previously with respect to the
shell 102. For example, the soft area 122 and stiff area 120 of the semi-conductive insert 104
can form two separate sections that can be bonded together during the manufacturing process,
which can utilize steel mandrels or molds. In alternative exemplary embodiments, the
separate sections can be abutted with each other, or there can be overlap between the two
sections.

[0049] In an exemplary embodiment, the exemplary border 118 between the soft area
108 and the stiff area 106 of the shell 102 also can apply to the soft area 122 and stiff area
120 of the semi-conductive insert 104. In an alternative embodiment, the border between the
soft area 122 and stiff area 120 of the semi-conductive insert 104 may not be in line with the
corresponding border 118 for the shell 102. In this case, the border between the soft area 122
and stiff area 120 of the semi-conductive insert 104 can be chosen to provide the desired
stiffness in the “pulling” section and the desired softness in the “connection” section.

[0050] In another exemplary embodiment, the separate soft area 122 and stiff area
120 sections can be joined after the two pieces have been cooled. In such an embodiment,
the two sections can be held together by an adhesive or other bonding agent. In yet another
exemplary embodiment, the soft area 122 and stiff area 120 of the semi-conductive insert 104
may not form two separate sections. Rather, the semi-conductive insert 104 can comprise a
single piece that includes both the soft area 122 and the stiff area 120. Such a single-piece
semi-conductive insert 104 can be formed by using a mold with two openings, and injecting
the soft material into one opening, and the stiff material into the other opening with the soft
and stiff materials meeting at the desired location of the joint 118.

[0051] In an exemplary embodiment, manufacturing the separable insulated
connector can include manufacturing the shell 102, manufacturing the semi-conductive insert
104, and then placing the semi-conductive insert 104 within the shell 102. In a particular

exemplary embodiment, after placing the semi-conductive insert 104 within the shell 102,
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insulating material 126 can be injected into the shell 102. Such insulating material 126 then
can cool and bond to the shell 102 and to the semi-conductive insert 104, thereby holding the
semi-conductive insert 104 in place. As described previously, in a particular exemplary
embodiment, once cooled, the insulating material 126 also can bond the stiff areas 106, 120
of the shell 102 and/or semi-conductive insert 104 to the corresponding soft areas 108, 122.
In a turther exemplary embodiment, the compression connector 128 then can be inserted into
the semi-conductive insert 104, and connected to a plug 214 or probe 114 that can be inserted
into the bushing entrance 110 of the shell 102.

[0052] In exemplary embodiments, the insulating material 126 can comprise a variety
of suitable materials, such as EPDM rubber, TPR, or silicone rubber. Unlike with the EPDM
rubber that can be used to form the shell 102 and the semi-conductive insert 104, the EPDM
rubber forming the insulting material may not be mixed with carbon black. The absence of
conductive carbon black can provide the insulating property for the EPDM rubber.

[0053] In another exemplary embodiment, the insulating material 126 also can
comprise a stif area and a soft area. In such an embodiment, the border between the stiff and
soft areas of the insulating material 126 can roughly correspond with the 118 between the soft
area 108 and stiff area 106 of the shell 102. Alternatively, the border between the stiff and
soft areas of the insulating material 126 can be placed in a different location from the border
118 between the soft area 108 and stiff area 106 of the shell 102. In other exemplary
embodiments, the stiff and soft areas of the insulating material 126 can be formed using any
ot the methods described previously with respect to forming the stiff areas 106, 120 and soft
areas 108, 122 of the shell 102 and/or semi-conductive insert 104. For example, the two
areas of the insulating material 126 can be formed separately and then attached together, or
the two areas can be formed by simultaneously injecting the two materials into opposite ends
of a single mold.

[0054] A person of ordinary skill in the art, having the benefit of the present
disclosure, will recognize that variations of the exemplary embodiments described herein are
possible. For example, Figure 2 is a cross-sectional side view of a T-body connector 200
having stiff areas 206, 220 and a soft areas 208, 222 for its shell 202 and semi-conductive
insert 204, according to an exemplary embodiment.

[0055] In exemplary embodiments, the shape of the semi-conductive insert 204 and
the shell 202 of the T-body connector 200 can be different from the shapes of the

corresponding components of the elbow connector 100, as shown in Figure 1. For example,
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the bushing entrance 210 of the T-body connector 200 can include two openings: a first
opening 212 and a second opening 213. In exemplary embodiments, the first opening 212
can be used to attach the T-body connector 200 to an insert 214, or other energy distribution
component. In various exemplary embodiments, the second opening 213 can be used to
connect another device to the T-body connector 200, such as a device for measuring the
electric flow through the T-body connector 200 or to connect the T-body connector 200 to
another energy distribution component. Alternatively, the second opening 213 of the T-body
connector 200 need not be connected to another device, and a protective cap may cover the
second opening 213. Additionally, as shown in Figure 2, the semi-conductive insert 204 of
the T-body connector 200 can have a substantially straight shape, instead of bending in an
elbow shape, as with the semi-conductive insert 104 of the elbow connector 100.

10056] Despite the differences in shape or configuration that can exist between the
shell 102, 202 and semi-conductive insert 104, 204 of the T-body connector 200 and an
elbow connector 100, an exemplary T-body connector 200 can include many of the
components and configurations discussed previously with respect to the elbow connector 100.
For example, the shell 202 of the T-body connector 200 can include a pulling eye 116. As
described previously with respect to the elbow connector, the pulling eye 116 can function as
a handle for the T-body connector 100. In an exemplary embodiment, the T-body connector
200 also can include a semi-conductive insert 204. The semi-conductive insert 204 can be
disposed within the shell 202, as shown in Figure 2. In a particular exemplary embodiment,
the semi-conductive insert 204 also can include an upper section 224 that is disposed within
the bushing entrance 210 of the shell 202. In such an embodiment, the upper section 224 of
the semi-conductive insert 204 can include an opening configured to accept a cable, plug 214,
probe 114, or another an energy distribution component inserted into the bushing entrance
210 of the shell 202.

[0057] As described previously with respect to the elbow connector 100, the semi-
conductive insert 204 of the T-body connector 200 can be made of the same material used in
the manutacture of the shell 202. For example, the semi-conductive insert 204 can comprise
EPDM rubber with carbon black mixed in, thereby providing the semi-conductive property
for the semi-conductive insert 204. Alternatively, a variety of other materials can be used to
form the semi-conductive insert 204 or the shell 202, as described previously with respect to

the elbow connector 100.
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[0058] The T-body connector 200 also can comprise a variety of additional
components and features described previously with respect to the elbow connector 100. For
example, the T-body connector 200 can utilize a cable adapter. An exemplary cable adapter
216 1s shown 1n Figure 2, shown inserted into an exemplary T-body connector 200, which
will be discussed in more detail with reference to Figure 2. As shown in Figure 2, an
exemplary cable adapter 216 can include a semi-conductive section 236 and an insulating
section 238. Both sections 236, 238 can comprise EPDM rubber, with the semi-conductive
section 236 further including carbon black or other suitable semi-conductive materials.

[0059] In exemplary embodiments, each cable adapter 216 can be designed to accept
a range of cable widths, each width within the range being sufficiently narrow to fit within
the opening provided, and sufficiently wide to be secured within the cable adapter 216. Each
T-body connector 200 -- or in more specific exemplary embodiments, each semi-conductive
insert 204 -- then can be designed to accept a range of cable adapter 216 widths, thereby
enabling each elbow connector to accept a large range of cable widths.

[0060] In other exemplary embodiments, the T-body connector 200 also can include a
compression connector 128 that can be disposed within the semi-conductive insert 204 and
can crimp a cable inserted into the T-body connector 200. Additionally, in exemplary
embodiments, the T-body connector 200 can include a capacitive test point 130 molded on
the shell 202 of the T-body connector 200. In an exemplary embodiment, a protective cap
132 can be placed on the capacitive test point 130 when it is not in use.

[0061] In exemplary embodiments, as shown in Figure 2, the shell 202 of the T-body
connector 200 also can include a ground wire tab 134, to which a wire can be attached and
grounded. As described previously with respect to the elbow connector 100, use of the
ground wire tab 134 can provide ground shield continuity for the T-body connector 200,
thereby providing deadfront safety for the shell 202.

[0062] Additionally, in exemplary embodiments, the shell 202 and semi-conductive
insert 204 of the T-body connector 200 can be made from a mixture comprising EPDM
rubber and carbon black. The various exemplary methods and steps described previously for
manufacturing the elbow connector 100 can largely be used for manufacturing a T-body
connector 200.

[0063] Additionally, either the shell 202 or the semi-conductive insert 204 of the
T-body connector 200 -- or both -- can include a stiff area 206, 220 and a soft area 208, 222,

respectively. In an exemplary embodiment, a soft area 208 can be located on the bushing
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entrance 210 -- or particularly on the first opening 212 and/or second opening 213 of the
bushing entrance 210. Such a soft area 208 can provide increased flexibility and elasticity for
the openings 212, 213 of the bushing entrance 210. This increased flexibility can allow for
the easier insertion and removal of a greater variety of plugs, probes, and/or other energy
distribution components into the openings of the shell 202 when compared to shells of
conventional separable insulated connectors. Similarly, a soft area 222 also can be located on
the upper section 224 of the semi-conductive insert 204, thereby providing additional
flexibility.

[0064] Alternatively, the soft areas 208, 222 of the T-body connector 200 can be
located towards the bottom of the shell 202 and/or semi-conductive insert 204. For example,
the portion of the shell 202 and/or semi-conductive insert 204 in which the cable adapter 216
can be inserted can comprise the soft area 208, 222. Such a soft area 208, 222 can provide
increased flexibility and elasticity, thereby allowing a greater range of cable adapter 216
widths to be inserted therein, and be used with the T-body connector 200. In such an
embodiment, the stiff areas 206, 220 of the T-body connector 200 can be located above the
soft areas 208, 222, such as on the bushing entrance 210. In an alternative embodiment, the
T-body connector 200 may not include a stiff area 206, 220 on the shell 202 and/or semi-
conductive insert 204.

[0065] In various other exemplary embodiments, the shell 102, 202 and/or semi-
conductive insert 104, 204 of the elbow connector 100 or T-body connector 200 can include
additional stiff or soft areas, wherever extra strength or flexibility may be desirable. For
example, the bottom portion of the semi-conductive inserts 104, 204 can comprise a soft area
-- whether in addition to or instead of a soft area 122, 222 on the top portion of the semi-
conductive insert 104, 204. Such a soft area can allow for more flexibility, thereby further
increasing the variety of cable adapter 216 widths that can be used with the separable
insulated connector and allowing easier installation and removal of the cable adapter 216.
[0066] Additionally, having a stiff area on the bushing entrance 110, 210 -- whether
in addition to or instead of a stiff area 106, 206 on the bottom portion of the shell 102, 202 --
can provide additional advantages to the elbow or T-body connector 100, 200. For example,
a stiff bushing entrance 110, 210 can create a tighter, more secure, and less flexible fit
between the bushing entrance 110, 210 and the bushing inserted therein. Such a tight fit can
improve the dielectric performance of the connector 100, 200 minimizing the amount of

water or contaminants that could seep into the connector 100, 200. Additionally, the tighter
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connection also can provide for fault closure between the connector 100, 200 and the bushing or
distribution component to which the connector 100, 200 has been attached, thereby improving the

safety of the installation, adjustment, and operation of the connector 100, 200.

10067] Figure 3 1s a cross-sectional side view of an elbow connector 300 having a stiff area
306 and a soft area 308, according to an alternative exemplary embodiment. The elbow connector 300
is configured similarly to the elbow connector 100 shown in Figure 1, and includes many of the same
components. The elbow connector 300 of Figure 3 differs from the elbow connector 100 shown in
Figure 1 in that the stiff areas 306, 320 and soft areas 308, 322 of the shell 302 and semi-conductive
insert 304 are positioned differently. For example, the soft areas 308, 322 of the elbow connector 300

can be located towards the bottom of the shell 302 and/or semi-conductive insert 304.

100638] In an exemplary embodiment, the portion of the shell 302 and/or semi-conductive
insert 304 in which the cable can be inserted can comprise the soft area 308, 322. Such a soft area
308, 322 can provide increased flexibility and elasticity, thereby allowing a greater range ot cable
widths to be inserted therein, and be used with the elbow connector 300. In such an embodiment, the
stiff areas 306, 320 of the elbow connector 300 can be located above the soft areas 308, 322, as shown
by the exemplary border 318. The stiff areas 306, 320 provide more strength in the area ot the pulling
eye 116.

10069 | In an exemplary embodiment, the elbow connector 300 can include a cable adapter
(not shown) that can function similarly to the cable adapter 216 disposed in the T-body connector 200,
and can include similar components. For example, such a cable adapter can include a semi-conductive

section 336 and an insulating section 338. Both sections 336, 338 can comprise EPDM rubber or any
other suitable type of rubber, with the semi-conductive section 336 further including carbon black or

other suitable conductive materials.

[0070] Many other modifications, features, and embodiments will become evident to a person
of ordinary skill in the art having the benefit of the present disclosure. It should be appreciated,

therefore, that many aspects of the invention were described above by way of example only and are
not intended as required or essential elements of the invention unless explicitly stated otherwise. It
should also be understood that the invention is not restricted to the illustrated embodiments and that

various modifications can be made within the scope of the following claims.
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CLAIMS:
1. A separable insulated connector, comprising:

an external shell for grounding said connector, wherein said shell comprises at

least one of a conductive material and a semi-conductive material, wherein said shell

COMPriSES

a first portion comprising a first material,

a bushing entrance for connection to an energy distribution component, the

bushing entrance comprising at least a part of said first portion,

a second portion comprising a second material that 1s more flexible than said

first material, and

a cable entrance for receiving a cable, the cable entrance comprising at least a

part of said second portion;

an insert disposed within said external shell, wherein said insert comprises at

least one of a conductive material and a semi-conductive material, wherein said insert 1s a

faraday cage; and

insulating material directly disposed between said external shell and said insert
such that an interior surface of the external shell covers substantially an entire outer surface of
the insulating material, wherein said insulating material is non-conductive, wherein said

insulating material prevents a voltage breakdown between said shell and said 1nsert.

2. The separable insulated connector of claim 1, wherein said first material

comprises a mixture comprising ethylene propylene dienemonomer rubber and carbon black,

and

wherein said second material comprises a mixture comprising ethylene

propylene dienemonomer rubber and carbon black.
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3. The separable insulated connector of claim 1, wherein said separable insulated
connector comprises an elbow connector.
4. The shell of claim 1, wherein said separable insulated connector comprises a
T-body connector.
5. The separable insulated connector of claim 1, wherein said first portion abuts
said second portion.
6. The separable insulated connector of claim 1, wherein said first portion
overlaps with said second portion.
]. The separable insulated connector of claim 1, wherein said first material has a

tensile stress measurement from about 1% to about 15% higher than a tensile stress

measurement of said second maternial.

8. The separable insulated connector of claim 1, wherein said first material has an
elongation measurement from about 1% to about 40% lower than an elongation measurement

of said second material.

9. The separable insulated connector of claim 1, wherein said first material has a

durometer measurement from about 5% to about 25% higher than a durometer measurement

of said second matenal.

10. The separable insulated connector of claim 1, wherein said first material has a
modulus measurement from about 10% to about 60% higher than a modulus measurement of

said second material at a 50%, 75%, and 100% elongation percentage.
11, A separable insulated connector, comprising:

an external shell for grounding said connector, wherein said shell comprises at

least one of a conductive material and a semi-conductive material;
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a single insert disposed within said external shell, wherein said insert

comprises
a first portion comprising a first semi-conductive material, and

a second portion comprising a second semi-conductive material that 1s more

5 flexible than said first material,

10

15

20

wherein said insert 1s a faraday cage; and

insulating material directly disposed between said external shell and said insert,
wherein said insulating material is non-conductive, wherein said insulating material prevents a

voltage breakdown between said shell and said insert.

12. The separable insulated connector of claim 11, wherein said first materal

comprises a mixture comprising ethylene propylene dienemonomer rubber and carbon black,

wherein said second material comprises a mixture comprising ethylene

propylene dienemonomer rubber and carbon black, and

wherein said semi-conductive insert comprises a conductive or semi-

conductive material.

13. The separable insulated connector of claim 11, wherein said semi-conductive

insert is configured to be inserted within a shell for said separable insulated connector.

14. The separable insulated connector of claim 11, wherein said separable

insulated connector comprises an ¢lbow connector.

15. The semi-conductive insert of claim 11, wherein said separable insulated

connector comprises a T-body connector.

16. The separable insulated connector of claim 11, wherein said semi-conductive

insert comprises a faraday cage.
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17. A separable insulated connector, comprising:

an external shell for grounding said connector, wherein said shell comprises at

least one of a conductive material and a semi-conductive material;

a semi-conductive insert disposed within said external shell, wherein said semi-

conductive insert 1s a faraday cage; and

insulating material directly disposed between said external shell and said semi-
conductive insert such that an interior surface of the external shell covers substantially an
entire outer surface of the insulating material, wherein said insulating material 1s non-

conductive, wherein said insulating material prevents a voltage breakdown between said shell

and said insert,

wherein at least one of said external shell, said semi-conductive insert, and said
insulating material comprises a first portion, a bushing entrance for connection to an energy
distribution component, the bushing entrance comprising at least a part of said first portion, a

second portion, and a cable entrance for receiving a cable, the cable entrance comprising at

least a part of said second portion,
wherein said first portion comprises a first material, and

wherein said second portion comprises a second material that 1s more flexible

than said first material.

18. The separable insulated connector of claim 17, wherein said insulating material

comprises ethylene propylene dienemonomer rubber.

19. The separable insulated connector of claim 17, wherein said insulating material

is bonded to said shell and said insert.

20. The separable insulated connector of claim 17, wherein said first material

comprises a mixture comprising ethylene propylene dienemonomer rubber and carbon black,
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wherein said second material comprises a mixture comprising ethylene

propylene dienemonomer rubber and carbon black, and
wherein said insert comprises a semi-conductive material.

21. The separable insulated connector of claim 17, wherein said separable

insulated connector comprises an elbow connector.

22. The separable insulated connector of claim 17, wherein said separable

insulated connector comprises a T-body connector.

23. The separable insulated connector of claim 17, further comprising:

a cable adapter; and

a probe;

wherein said cable adapter 1s located 1n said second portion, and
wherein said probe is located in said first portion.

24. A separable insulated connector, comprising:
a shell for grounding said connector, wherein said shell comprises

a first portion comprising a first material, wherein said first portion comprises a

bushing entrance for connection to an energy distribution component, and a cable entrance for

receiving a cable, and

a sleeve comprising a second material, the sleeve being disposed around said

bushing entrance of the first portion,

wherein the first material is more flexible than the second material;
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an insert disposed completely within said shell, wherein said insert 1s a faraday

cage; and

insulating material directly disposed between said shell and said insert such
that an interior surface of the shell covers substantially an entire outer surface of the insulating
material, wherein said insulating material i1s non-conductive, wherein said insulating material

prevents a voltage breakdown between said shell and said insert.

235. The shell of claim 24, wherein the first material comprises a mixture

comprising ethylene propylene dienemonomer rubber and carbon black, and

wherein the second material comprises ethylene propylene dienemonomer

rubber.

26. The shell of claim 24, wherein the separable insulated connector comprises an

elbow connector.

27. The shell of claim 24, wherein the separable insulated connector comprises a

T-body connector.

28. The shell of claim 24, wherein the first material has a tensile stress

measurement from about 1% to about 15% lower than a tensile stress measurement of the

second material.

29, The shell of claim 24, wherein the first material has an elongation

measurement from about 1% to about 40% higher than an elongation measurement of the

second material.

30. The shell of claim 24, wherein the first material has a durometer measurement

from about 5% to about 25% lower than a durometer measurement of the second material.
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31. The shell of claim 24, wherein the first material has a modulus measurement

from about 10% to about 60% lower than a modulus measurement of the second material at a

50%, 75%, and 100% elongation percentage.
32. A separable insulated connector, comprising:
a shell for grounding said connector, said shell comprising a first portion,

a bushing entrance for connection to an energy distribution component, the

bushing entrance comprising at least a part of said first portion,

a second portion, and

a cable entrance for receiving a cable, the cable entrance comprising at least a

part of said second portion,

the first portion being more flexible than the second portion;

an insert disposed completely within said shell, wherein said insert 1s a faraday

cage;

insulating material directly disposed between said shell and said insert such
that an interior surface of the shell covers substantially an entire outer surface of the insulating
material, wherein said insulating material is non-conductive, wherein said insulating material

prevents a voltage breakdown between said shell and said insert; and

a band disposed around at least a portion of the first portion of the shell,

wherein the first portion of the shell is more flexible than the band.

33. The separable insulated connector of claim 32, wherein the first portion of the

shell comprises a mixture comprising ethylene propylene dienemonomer rubber and carbon

black,
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wherein the second portion of the shell comprises a mixture comprising

ethylene propylene dienemonomer rubber and carbon black, and
wherein the band comprises ethylene propylene dienemonomer rubber.

34. The separable insulated connector of claim 32, wherein the separable insulated

connector comprises an elbow connector.

35. The separable insulated connector of claim 32, wherein the separable insulated

connector comprises a T-body connector.

36. The separable insulated connector of claim 32, wherein the insulating material

comprises ethylene propylene dienemonomer rubber.
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