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(54) Electrical connector apparatus

(57) A high voltage electrical connector
10 for connecting a high voltage cable
16 to the terminal 12 of an electrical
apparatus 14, such as a transformer, in
a power distribution circuit is provided
with a female contact 44 which enables
a ground connection to be made so as
to ground the terminal 12 without dis-
connecting the connector. In the event
that the ground connection inadvertent-
ly is made when the circuit is energized,
a piston 80 is raised by gases generated

by a tube 74 of gas evolving material to
cause the female contact 44 to be
quickly advanced towards the incoming
male contact. Access is provided
through the female contact 44 and the
piston 80 for a tool which can be
inserted and operated from a remote
location to selectively disconnect and
connect a threaded bolt 54 of the elec-
trical connector 10 to the terminal 12 of
the electrical apparatus 14, while the
electrical connector and the cable 16
attached thereto are grounded.
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SPECIFICATION
Electrical connector apparatus

The present invention relates generally to apparatus
for assisting in the grounding of circuit elements in
high voltage power distribution circuits and in the
connection and disconnection of high voltage elec-
trical connectors to and from terminals of high
voltage electrical apparatus in such circuits, and
pertains, more specifically, to apparatus which en-
ables the grounding of the circuits served by such
connectors, even when the circuits are energized,
from a remote location to promote the safety of
workmen who maintain such installations and make
the connections and disconnections.

The increasingly widespread use of underground
power distribution systems has led to the develop-
ment of larger systems utilizing components de-
signed to handle greater amounts of power. Electric-
al connectors developed for use in such systems
have been designed to accommodate approximately
15 to 35 KV. Along with the development of such
components there has arisen the need for apparatus
which will enable installation and maintenance of
the various components of the systems with safety.
Thus, it has become common practice to manipulate
such components, as, for example, in the connection
and disconnection of electrical connectors to and
from the terminals of high voltage electrical appar-
atus, from a remote location which places the
workman at a safe distance from the connection. An
insulated tool, known as a ‘hot-stick”, has come into
almost universal use by workman who install and
service high voltage power distribution systems for
manipulating the various components in making
connections and disconnections in the systems.

ltis the practice, during the installation and service
of a high voltage power distribution circuit, that the
circuit is deenergized and the cables of the circuit are
grounded. Apparatus has been developed for estab-
lishing a visible ground connection to circuit ele-
ments of a de-energized high voltage power distribu-
tion circuit, through the use of a hot-stick, at an
electrical connector for purposes of servicing the
circuit with safety. However, experience has shown
that the circuit to be serviced is not always deener-
gized, because of possible equipment failure or
operator error, and a successful ground connection
cannot be effected with safety.

It is an object of the present invention to provide
apparatus for enabling the establishment of a visible
ground connection to circuit elements of a high
voltage power distribution circuit, even though the
circuit may be energizea, for purposes of servicing
the circuit with safety.

Another object of the invention is to provide
apparatus for establishing such a visible ground
connection through the use of a hot-stick, at an
electrical connector.

Still another object of the invention is to provide
apparatus which enables a hot-stick to be employed
in providing a ground connection to the terminal
contact of a high voltage electrical connector under
fault conditions and for the effective connection and
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disconnection of the electrical connector to and from
the terminal of an electrical apparatus.

A further object of the invention is to provide
apparatus which combines the dual functions of
grounding the terminal contact of a high voltage
electrical connector and being operable to connect
and disconnect the connector from the terminal of a
high voltage electrical apparatus.

A still further object of the invention is to provide
simplified apparatus for attachment to a hot-stick to
enable increased ease and reduced time in the
manipulation of high voltage electrical connectors
and components thereof from a remote location.

The above objects, as well as still further objects
and advantages, are attained by the present inven-
tion which may be described briefly as apparatus for
enabling operation of a high voltage electrical
connector from a remote location by the use of an
insulated tool, such as a hot-stick, to effect selective
grounding, and selective connection and disconnec-
tion of the connector and a terminal of an electrical
apparatus, the connector having a terminal contact
affixed to the conductor of a high voltage cable for
electrically connecting the conductor to the terminal,
the apparatus comprising a generally tubular hous-
ing extending axially between opposite ends; means
for joining the housing to the terminal contact; a
female contact element carried by the housing
adjacent one of the opposite ends thereof and
including an axial opening therein for receiving a
complementary male contact element; a threaded
fastener carried by the housing adjacent the other of
the opposite ends for securing the terminal contact
to the terminal of the electrical apparatus, the
threaded fastener having a wrenching configuration
aligned with the axial opening in the female contact
element; and a fault closing device carried by the
housing, the fault-closing device having an aperture
passing axially therethrough and aligned with the
opening in the female contact element and with the
wrenching configuration of the threaded fastener to
establish an open passage to the wrenching con-
figuration through the female contact element and
the fault-closing device. The invention further con-
templates a sleeve of conductive material receivabie
within the opening of the female contact element for
making an electrical connection therewith; a rod
extending axially through the sleeve and having
opposite ends, the rod being movable rotationally
and axially relative to the sleeve; a further wren-
ching configuration on the rod at one of the opposite
ends, the further wrenching configuration being
complementary to the wrenching configuration of
the threaded fastener for engagement therewith;
and coupling means on the rod at the other of the
opposite ends for selectively coupling the rod to the
insulated tool, whereby axial movement of the rod
will pass the rod axially through the open passage
and engage the complementary wrenching configur-
ations, and rotation of the rod will selectively engage

and disengage the threaded fastener and the termin-
al of the electrical apparatus.

The invention will be understood more fully, while
still further objects and advantages will become
apparent, in the following detailed description of a
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preferred embodiment illustrated in the accompany-
ing drawing, in which:

Figure 1is an exploded elevational view, mostly
broken away, of a junction in a high voltage power
distribution system wherein an electrical connector
constructed in accordance with the invention is
connected to the terminal of an electrical apparatus
and is about to be grounded and disconnected with a
tool constructed in accordance with the invention;

Figure 2 is an elevational cross-sectional view of
the tool;

Figure 3 is an elevational view similar to Figure 1,
but with the tool inserted in the connector;

Figure 4is a fragmentary view of a portion of
Figure 3, but with component parts in another
position; and

Figure 5is an elevational view similar to Figure 1,
but with the electrical connector disconnected from
the terminal.

Referring now to the drawing and especially to
Figure 1 thereof, an electrical connector in the form
of a T-shaped receptacle 10 is shown connected to
the terminal 12 of an electrical apparatus, which in
this instance is a high voltage power distribution
transformer 14. The receptacle 10 is affixed to the
terminus of a high voltage cable 16 having a central
conductor 18 to which there is attached, as by
crimping, an electrical terminal contact 20 having an
integral lug 22, which, in turn, is electrically con-
nected to the terminal to complete a distribution
circuit through cable 16.

A composite body 24 surrounds the contact 20 and
provides an axially extending receptacle recess 26
within which the terminal 12 is received. A second
axially extending recess 28, opposite to first recess
26, receives an interface bushing assembly 30 which
is constructed to enable direct connection between
the terminal 12 and a commonly available electrical
connector, such as an elbow receptacle (not shown).
Under normal operating conditions, cap 32 is fitted
onto the bushing assembly 30.

Bushing assembly 30 includes a generally tubular
housing 34 having a member 36 of dielectric mate-
rial, such as an insulating elastomer, and a central
tubular member 38 of conductive material, such as
copper or aluminium. A female contact assembly 40
is located adjacent the upper end 42 of tubular
member 38 and includes a female contact element
44 having a central opening 46 for receiving a
complementary male contact element {not shown).
A threaded sleeve 48 at the lower end 50 of tubular
member 38 is threaded into the tubular member 38
and into a threaded aperture 52 in lug 22 to secure
the bushing assembly 30 to the terminal contact 20.

Athreaded fastener in theform of boit 54 has a
bolt head 56 at one end thereof and a threaded shaft
58 projecting downwardly beyond the tubular mem-
ber 38 to extend axially through the lug 22 and into a
threaded hole 60 in the conductor 62 of the terminal
12. The bolt head 56 is drawn toward a shoulder 64
in tubular member 38, through an interposed spring
washer 66, to secure the bushing assembly 30 and
lug 22 to conductor 62 of terminal 12. Awrenching
configuration is provided in the form of hexagonal
socket 68 extending axially within holt head 56.
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Bushing assembly 30 further includes a fault-
closing device 70 which, in this instance, is con-
structed similar to the fault-closing device described
in copending patent application serial no. 937,737,
entitled ELECTRICAL CONNECTOR, filed August 29,
1978, and assigned to the assignee thereof.

Thus, fault-closing device 70 includes a chamber

72 for receiving arc-quenching gases generated by a
tubular guide 74 of gas-evolving, arc-quenching
material carried by a carrier 76 of insulating material
which is secured to the female contact element 44,
all forming a part of the female contact assembly 40.
The female contact assembly 40 includes an annular
piston 80 movable axially within the chamber 72 so
as to permit axial movement upward from the
lowermost position shown in Figure 1, in response
to the generation of arc-quenching gases resulting
from a fault-closing condition, thereby facilitating
completion of the connection between the female
contact element 44 and an inserted complementary
male contact element. The arc-quenching gases will
pass through the central opening 46 in female
contact element 44 and a central aperture 82 in
piston 80 to enter the lower end of chamber 72 and
bear against lower face 84 of the piston 80 to raise
the piston, and the female contact element 44
coupled thereto, such that the female contact ele-
ment 44 will advance to meet the incoming male
contact element and more quickly accomplish mat-
ing of the complementary contact elements.

When the junction shown in Figure 1 is in opera-
tion, cap 32 is fitted onto the bushing assembly 30.
Cap 32is in the form of a composite member molded
of elastomeric materials. A portion 90 of an insulat-
ing elastomer includes a cavity 92 for receiving the
upwardly-projecting body portion 94 of member 36
of bushing assembly 30. An outer portion 96 of
conductive elastomer surrounds the portion 90 and
provides an external shield, while an inner portion
98 of conductive elastomer carries a central conduc-
tive probe 100 which contacts the female contact
element 44 to provide an internal shield arrange-
ment.

When it is desired to make a ground connection to
the conductor 18 of cable 16, without disturbing the
connection between the receptacle 10 and the
terminal 12, cap 32 is removed, thereby exposing the
bushing assembly 30, as seen in Figure 1. An elbow
receptacle (not shown) of the type having a configur-
ation complementary to the upwardly-projecting
body portion 94 of receptacle 10, and attached to a
ground circuit, is then merely connected to the
bushing assembly 30. Under ordinary procedures,
the circuit through terminal 12 and cable 16 would
be deenergized prior to connection of the grounded
elbow receptacle with the bushing assembly 30, and
the circuit would be tested at the bushing assembly
30 to determine that the circuit is deenergized.
However, in some instances, due to equipment
failure or operator error, the circuit actually may be
energized. In such instances, the fault-closing device
70 will operate to enable safe compietion of the
ground connection.

Should it be desired to disconnect the receptacle
10 from the terminal 12, cap 32 is removed from
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bushing assembly 30, and a tool 110, as illustrated in
Figure 2, is inserted into the bushing assembly, as
shown in Figure 3. Tool 110 includes a sleeve 112 of
conductive material, such as copper or aluminum,
having a first portion 114 with an outer diameter
complementary to the opening 46 in the female
contact element 44. A second portion 116 of sleeve
112 has a slightly larger outside diameter soasto
establish a shoulder 118 intermediate the ends of the
sleeve 112. A rod 120 extends axially through the
sleeve and has opposite ends 122 and 124. Rod 120
is movable both rotationally and axially relative to
sleeve 112. In the position shown in Figure 2, rod 120
is retracted so that the end 122 of the rod does not
project beyond the corresponding end 126 of the
sleeve 112. Rod 120 is retained in the retracted
position by interengaging means shown in the form
of a threaded collar 128 affixed to the rod 120 and
threaded into a complementary threaded ring 130
affixed within the sleeve 112 at the other end 132 of
the sleeve. A ground connection is made to sleeve
112 at133.

Tool 110 is inserted into bushing assembly 30 after
first attaching the tool to a hot-stick 134 {see Figure
3). The hook 136 of hot-stick 134 is coupled with
coupling means, shown in the form of a loop 138 and
a flange 139 at the upper end 124 of rod 120, and the
lower end 126 of sleeve 112 s inserted into tubular
guide 74 and is advanced toward opening 46 of
female contact element 44, the insertion being
facilitated by a taper 140 at end 126. Sleeve 112is
advanced until shoulder 118 abuts the carrier 76, as
seen in Figure 3, so that portion 114 of the sleeve 112
serves as a male contact element mated with female
contact element 44. Since sleeve 112 is grounded
through the connection at 133, the female contact
element 44 and the terminal conductor 62 will also
be grounded. Should the circuit at the junction
between the receptacle 10 and the terminal 12 be
energized when tool 110 is inserted, the fault-closing
device 70 will operate to permit safe completion of
the insertion. A safety shield 144 is provided on
sleeve 112 to deflect any gases or other matter which
may be expelled upwardly out of the bushing
assembly 30 in the event of a fault closing condition.

Once the tool 110 is seated within the bushing
assembly 30, rod 120 is released from the retracted
position within sleeve 112 by rotation of the rod until
threaded collar 128 is released from threaded ring
130. Rod 120 is then advanced axially downwardly.
The opening 46 in female contact element 44 is
aligned with the central aperture 82 inthe piston 80
along a central axis C so that the opening 46 and the
aperture 82 establish an open passage 148 through
the female contact elefment 44 and the portion of the
fault-closing device 70 which lies between the
female contact element 44 and the bolt 54, the open
passage 148 providing access t0 the bolt head 56,
and the socket 68 therein, from the exterior of the
bushing assembly 30.

The lower end 122 of rod 120 is provided with a
further wrenching configuration complementary to
the wrenching configuration of socket 68 in the bolt
head 56. In this instance, rod 120 is itself formed of
hexagonal stock and end 122 has a hexagonal
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configuration complementary to the hexagonal
shape of socket 68. Thus, advancement of rod 120
downwardly through passage 148 will enable inser-
tion of the rod end 122 into the socket 68, which also
is aligned along axis C, as seen in Figure 3.

Rod 120 is then rotated about axis C to release bolt
54 from the terminal conductor 62, as seen in Figure
4. Rotation of the hot-stick 134 will accomplish the
necessary rotation of bolt 54. Bolt 54 will be raised
and sufficient clearance is provided at 150 to enable
retraction and disconnection of the bolt 54 from the
threaded hole 60 in the terminal conductor 62.
However, in order to retain the bolt 54 in proper
position for re-attachment, a stop shoulder 152 on
threaded shaft 58 will abut a stop ring 154 on tubuiar
member 38 to limit upward movement ofthe bolt.

After bolt 54 is released from threaded hole 60 in
the terminal conductor 62, the body 24 of receptacle
10 may be grasped along portion 156 by a further
hot-stick tool (not shown) and puiled from the
terminal 12, as shown in Figure 5. The receptacte 10
will remain grounded through the ground connec-
tion at 133. In order to re-connect receptacle 10to
terminal 12, the above-described procedure merely
is reversed.

It is noted that at all times the ground connection
to the receptacle 10 is visible to the operator, in
accordance with present safety requirements.
Ground connections are made safely and with ease
under energized conditions, as well as under de-
energized conditions. The apparatus provided by the
presentinvention is readily employed in connection
with currently available hot-stick devices and is
compatible with presently available components.

it is to be understood that the above detailed
description of a preferred embodiment of the inven-
tion is provided by way of example only. Various
details of design and construction may be modified
without departing from the true spirit and scope of
the invention as set forth in the appended claims.

CLAIMS

1. inan apparatus for enabling operation of a
high voltage electrical connector from a remote
location by the use of an insulated tool, such as a
hot-stick, to effect grounding and selective connec-
tion and disconnection of the connector anda
terminal of an electrical apparatus, the connector
having a terminal contact affixed to the conductor of
a high voltage cable for electrically connecting the
conductor to the terminal, the improvement com-
prising:

a generally tubular housing extending axially
between opposite ends;

means for joining the housing to the terminal
contact;

afemale contact element carried by the housing
adjacent one of the opposite ends thereof and
including an axial opening therein for receiving a
complementary male contact element;

a threaded fastener carried by the housing adja-
cent the other of the opposite ends for securing the
terminal contact to the terminal of the electrical
apparatus, the th readed fastener having a wrenching
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female contact element;

afault-closing means carried by the housing for
enabling the closing of a ground connection to the
female contact element under a fault-closing condi-
tion, the fault-closing means having an aperture
passing axially therethrough and aligned with the
opening in the female contact element and with the
wrenching configuration of the threaded fastener to
establish an open passage to the wrenching con-
figuration through the female contact element and
the fault-closing means, whereby access to the
wrenching configuration of the threaded fastener is
available through the open passage.

2. Theinvention of claim 1, wherein at least a
portion of the fault-closing means is located axially
between the female contact element and the
threaded fastener.

3. Theinvention of claim 2, wherein the fault-
closing means includes:

achamber in the housing; and

an annular piston movable axially within the
chamber in response to the generation of arc-
quenching gas resulting from a fault-closing condi-
tion upon insertion of the complementary male
contact element into the female contact element.

4. The invention of claim 3, wherein the threaded
fastener extends axially from the chamber th rough
the terminal contact so as to extend beyond the
terminal contact for engaging the terminal of the
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5. Theinvention of claim 4, wherein the wren-
ching configuration of the threaded fastener in-
cludes an axially extending socket in the threaded
fastener.

6. Theinvention of any one of claims 1 through
5, including a tool comprising:

a sleeve of conductive material receivable within
the opening of the female contact element for
making an electrical connection therewith;

arod extending axially through the sleeve and
having opposite ends, the rod being movable rota-
tionally and axiaily relative to the sleeve;

a further wrenching configuration on the rod at
one of the opposite ends, the further wrenching
configuration being complementary to the wren-
ching configuration of the threaded fastener for
engagement therewith; and

coupling means on the rod at the other of the
opposite ends for selectively coupling the rod to the
insulated tool, whereby axial movement of the rod
will pass the rod axially through the open passage
and engage the complementary wrenching configur-
ations, and rotation othe rod will selectively engage
and disengage the threaded fastener and the termin-
al of the electrical apparatus.

7. Theinvention of claim 6, including means for
grounding the sleeve of conductive material.

8. Theinvention of claim 7, including a shoulder
on the sleeve of conductive material for limiting the
extent of insertion of the sleeve into the openingin
the female contact element.

8. The invention of claim 8, wherein the rod is
movable axially within the sleeve between a re-
tracted position, wherein said one of the opposite
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ends of the rod is located within the sleeve, and an
extended position, wherein said one of the opposite
ends of the rod is located beyond the sleeve for
engagement with the threaded fastener, the rod and
the sleeve including interengaging means for selec-
tively securing the rod in the sleeve at the retracted
position.

10. The invention of claim 9, wherein the wren-
ching configuration of the threaded fastener in-
cludes an axially extending socket in the threaded
fastener and the further wrenching configuration on
the rod is complementary to the axially extending
socket for reception therein.
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