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(57) Abstract: An electrical connection component for a machine cable is described. The electrical connection component is suitable
for transmission of power with voltage levels greater than or equal to 1 kV and comprises at least one electrical conductor arranged
for electrically coupling with a further electrical conductor of another electrical connection component. The electrical connection
component comprises a housing having an internal region, and having a machine cable end, a connection end and a plurality of elec-
trically insulating components positioned within the housing, at least one of the electrically insulating components being arranged so
as to form-fit with a further one of the electrically insulating components. A portion of the internal region of the housing that is loc -
ated at the connection end of the housing, and that would not otherwise be filled with the at least one electrical conductor and/or an

associated flame path, is filled by the electrically insulating components.
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AN ELECTRICAL CONNECTOR

FIELD OF THE INVENTION

The present invention relates to an electrical connector
used in high power applications. In particular the present
invention relates to a connector suitable for use in
demanding environments such as the petroleum or mining

industry.

BACKGROUND OF THE INVENTION

Reliable electrical connections are crucial in high power
applications, such as powering of heavy electrical
machinery often used in the mining or petroleum industry,
or connection of power transportation lines. In these
applications the electrical cables transmit high currents

at voltages of one or more kV.

Typical electrical connectors used in the art have a
plurality of pins or sockets, each being connected to a
respective core of an electrical cable. Depending on the
specific application, the connectors must comply with
specific regquirements or standards. The compliance of the
connectors with the relevant standards is examined by a

certifying body.

The certification of a connector for a specific
application generally ensures that the connector meets
basic safety requirements. While known certified
connectors are now relatively safe to operate, they still
have a number of disadvantages. For example, although high
power connectors used in the tunnelling, mining or
petroleum industries typically need to comply with strict

requirements including requirements related to explosions,
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it may be advantageous to provide a high power connector
that further reduces a risk, or the effect of, an

explosion or similar.

SUMMARY OF THE INVENTION

In accordance with a first aspect of the present
invention, there is provided an electrical connection
component for a machine cable, the electrical connection
component being suitable for transmission of power with
voltage levels greater than or equal to 1 kV, the
electrical connection component comprising:

at least one electrical conductor being arranged for
electrically coupling with a further electrical conductor
of another electrical connection component;

a housing having an internal region, and having a
machine cable end and a connection end; and

a plurality of electrically insulating components
positioned within the housing, at least one of the
electrically insulating components being arranged so as to
form-fit with a further one of the electrically insulating
components;

wherein a portion of the internal region of the
housing that is located at the connection end of the
housing, and that would not otherwise be filled with the
at least one electrical conductor and/or an associated
flame path, is filled by the electrically insulating

components.

The electrically insulating components may fill 10% or
less, 20% or less, 30% or less, 40% or less, 50% or less,
60% or less, 70% or less, 80% or less, 90% or less, or
100% or less of the internal region of the housing

measuring from the connection end that would not otherwise
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be filled with the at least one electrical conductor

and/or an associated flame path.

In a specific embodiment, the insulating components fill
more than 70%, 80% or 90% of the internal volume of an
internal portion of the housing. The internal portion may
fill more than 90%, 80% 70%, 60%, 50% 40%, 30% or 20% of

the internal volume of the housing.

It will be appreciated that the at least one electrical
conductor will typically comprise an electrical conductor
portion that is electrically couplable to a core of the
machine cable, and an electrical contact portion that is
electrically couplable to a respective electrical contact
portion of the electrical conductor of the electrical

connector.

The flame path referred to above may be arranged adjacent
to the electrical conductor. The flame path facilitates
minimising the risk of explosion inside the electrical
connection component. The flame path is sufficiently
narrow to control the amount of energy that can be
generated by an explosion spreading to other areas of the

connector.

Filling a portion of the internal region of the housing
with the electrically insulating components may be
advantageous in reducing an amount of air within the
housing. Reducing the amount of air within the housing may

reduce a risk, or the effect, of an explosion.

The plurality of electrically insulating components may be

arranged such that the at least one conductor penetrates
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through each of the electrically insulating components.

The plurality of electrically insulating components may be
arranged such that they fit within the housing in a
predefined orientation or set of orientations. For
example, a first electrically insulating component may be
shaped so as to fit with a second electrically insulating
component in a predefined orientation. For example, the
first electrically insulating component may have a
protrusion having a particular shape, with the second
insulating component having a correspondingly shaped
recess for receiving the protrusion of the first
electrically shaped recess wherein, when the first
insulating component is received in the second insulating
component, the first and second insulating components have

a predefined orientation with respect to one another.

Further, an electrically insulating component may be
arranged so as to receive a plurality of other
electrically insulating components, wherein at least one
of the electrically insulating components surrounds at
least a portion of the at least one conductor, the at

least one conductor penetrating therethrough.

The electrically insulating components may comprise a high
density polymeric material, preferably being void free. It
will be appreciated that one or more of the electrically
insulating components may comprise a different polymeric
material than one or more other of the electrically

insulating components.

At least one of the electrically insulating components may

be arranged to form-fit with at least a portion of the
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Each electrically insulating component may be arranged so
as to form-fit with a further electrically insulating

component.

At least one of the electrically insulating components may
comprise a passage for receiving a further electrically
insulating component therewithin. At least a portion of
the passage may be shaped such that the further
electrically insulating component fits within the passage
in a predefined orientation. Such an arrangement may be
advantageous in that the further electrically insulating
component, which may house the at least one electrical
conductor, is not twisted or otherwise moved in an
undesired manner, which may facilitate preventing damage

being caused to the electrical conductor.

In one embodiment, the electrical connection component
comprises a first electrically insulating component that
form-fits with a second electrically insulating component,
the first electrically insulating component being arranged
at the connection end of the housing, the second
electrically insulating component being arranged between
the first electrically insulating component and the
machine cable end of the housing. The first and second
electrically insulating components may be arranged to
receive at least one third electrically insulating
component through at least a portion of each of the first
and second electrically insulating components. In one
embodiment, the first and second electrically insulating
components comprise respective passages that are aligned

SO as to receive the third electrically insulating
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component therethrough. The respective passages of the
first and second electrically insulating components, and
the at least one third electrically insulating component,
may be arranged such that the at least one third
electrically insulating component form-fits with the first

and second electrically insulating components.

The at least one third electrically insulating component
may comprise a flange having a particular shape, the first
or the second electrically insulating component comprising
a recess having a shape corresponding to that of the
flange of the third electrically insulating component such
that the third electrically insulating component can only
be arranged through the first and second electrically

insulating components in one orientation.

In one embodiment, the at least one third electrically
insulating component comprises a tube that is arranged for
receiving the at least one electrical conductor, the tube
comprising a first material comprising an insulating
material, the first material surrounding a length of the
at least one electrical conductor that has been received
by the tube, and a second material comprising a conductive
material arranged to be electrically couplable to an earth
of the machine cable, the second material surrounding the
first material substantially along a length of the third

electrically insulating component.

The first and second electrically insulating components

may be substantially cylindrically shaped.

In accordance with a second aspect of the present

invention, there is provided a method of forming an
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electrical connection component, the electrical connection
component being in accordance with the first aspect of the
present invention, the method comprising the steps of:

providing the housing, the at least one electrical
conductor, and the plurality of electrically insulating
components; and

form-fitting at least one of the electrically
insulating components with a further one of the
electrically insulating components within the housing such
that a portion of the internal region of the housing that
is located at the connection end of the housing, and that
would not otherwise be filled with the at least one
electrical conductor and/or an associated flame path, is

filled by the electrically insulating components.

The invention will be more fully understood from the
following description of specific embodiments of the
invention. The description is provided with reference to

the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a front perspective view of an electrical
connection component in accordance with an embodiment of

the present invention;
Figure 2a is a front perspective view of a first
electrically insulating component of the electrical

connection component of Figure 1;

Figure 2b is a top plan view of the first electrically

insulating component of Figure 2a;

Figure 3a is a front perspective view of a second
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electrically insulating component of the electrical

connection component of Figure 1;

Figure 3b is a reverse perspective view of the second

electrically insulating component of Figure 3a;

Figure 3c i1s a cross sectional side view of the second

electrically insulating component of Figure 3a;

Figure 3d is a bottom plan view of the second

electrically insulating component of Figure 3a;

Figure 4a is a rear perspective view of a third
electrically insulating component of the electrical

connection component of Figure 1;

Figure 4b is a cutaway side view of the third

electrically insulating component of Figure 4a;
Figure 5 is a rear perspective view of an alternative
second electrically insulating component of the electrical

connection component of Figure 1;

Figure 6 is a cross sectional view of the electrical

connection component of Figure 1; and

Figure 7 is a flowchart of a method of forming the

electrical connection component of Figure 1.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

Referring initially to Figure 1, there is shown an
electrical connection component 100 for a machine cable

102. In this example, the electrical connection component
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100 is suitable for the delivery of power of more than 50
kW.The electrical connection component 100 comprises a
plurality of electrical conductors 104a, 104b the
conductors being arranged for electrically coupling with
respective electrical contacts of a further electrical
connector (not shown), and a housing 106 having an
internal region, a machine cable end 108 and a connection

end 110.

The electrical connection component 100 further comprises
a plurality of electrically insulating components
positioned within the housing 106. In this example, the
electrical connection component 100 comprises a first
electrically insulating component 200, also referred to
herein as a plug cap 200 (see Figure 2), a second
electrically insulating component 300, also referred to
herein as a plug body 300 (see Figure 3), and three third
electrically insulating components 400, also referred to

herein as phase earth tube insulators 400 (see Figure 4).

The electrically insulating components 200, 300, 400 are
arranged to form-fit with one another, and with the
housing 106, such that a portion of the internal region of
the housing 106 that is located at the connection end 110
of the housing 106, and that would not otherwise be filled
by the electrical conductors 104 and/or their associated
flame paths, is filled by the electrically insulating
components 200, 300, 400.

The portion of the internal region of the housing 106 that
is located at the connection end 110 and that is filled
with the electrically insulating components may account

for 10% or less, 20% or less, 30% or less, 40% or less,
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X

50% or less, 060% or less, 70% or less, 80% or less, 90% or
less, or 100% or less of the length of the housing

measuring from the connection end.

Filling a portion of the internal region of the housing
106 with the electrically insulating components 200, 300,
400 may be advantageous in reducing an amount of air
within the housing. Reducing the amount of air within the

housing may reduce a risk, or the effect, of an explosion.

The electrically insulating components typically comprise
a high density polymeric material, preferably being void
free. It will be appreciated that one or more of the
electrically insulating components may comprise a
different polymeric material than one or more other of the

electrically insulating components.

Referring to Figure 2, the plug cap 200 is arranged at the
connection end 110 of the housing 106. The plug cap 200
comprises a plurality of first passages 202 for receiving
the phase earth tube insulators 400 therethrough, and a
plurality of second passages 204 for receiving respective

form-fitting portions 302 of the plug body 300.

Referring to Figure 3, the plug body 300 comprises a
plurality of first passages 304 that, when the plug body
300 is form-fitted with the plug cap 200, are aligned with
the first passages 202 of the plug cap 200.

The form-fitting portions 302 of the plug body 300
facilitate form-fitting the plug body 300 with the plug
cap 200. The plug body 300 also comprises a plurality of
second passages 306 running through the plug body 300 and
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through a central axis of each respective form-fitting
portion 302. The second passages 306 are arranged so as to
align with the second passages 204 of the plug cap 200
such that the conductors 104b, which in this example are
electrically couplable to a pilot/auxiliary circuit, can

run therethrough.

An example phase earth tube insulator 400 is shown in more
detail in Figure 4. Each phase earth tube insulator 400
comprises an inner tube 402 that is arranged for receiving
a respective electrical conductor 104a. In this example,
each electrical conductor 104a is arranged for carrying a
respective phase of a three phase power distribution
network. The inner tube 402 comprises an insulating
material such as one or more of the aforementioned polymer
materials. The inner tube is surrounded by an outer tube
404, the outer tube 404 comprising a material such as
copper that can function as an electrical earth when

electrically coupled to an earth of the machine cable 102.

Fach phase earth tube insulator 400 may have a flame path
(not shown) to minimise the risk of explosion inside the
phase earth tube insulator. The flame path is defined by
an inner surface of the phase earth tube insulator which
is disposed in proximity to a respective electrical pin.
The space gap between the electrical pin and the inner
surface of the phase earth tube insulator is sufficiently
narrow to prevent excessive heating of a gas inside the

phase tube and minimise the risk of an explosion.

In this example, the phase earth tube insulator 400 is
received by the first passages 202, 304 of the plug cap
200 and the plug body 300. The phase earth tube insulator
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400 and the first passages 202, 304 are shaped such that
the phase earth tube insulator 400 form-fits with the plug
cap 200 and the plug body 300.

In this example, the phase earth tube insulator 400
comprises a flanged rear portion 406 having a specific
shape. The flanged rear portion 406 can be shaped so as to
correspond to a shape of an opening 308 of each of the
first passages 304 of the plug body 300 such that the
phase earth tube insulator 400 is retained in a particular
orientation when form-fitted with the plug body 300 and
the plug cap 200.

The shape of the flanged rear portion 406 in this example
corresponds to the shape of respective apertures 502 of
the first passages 504 of the plug body 500 shown in
Figure 5. It will be appreciated that the respective
shapes of the flanged rear portion 406 of the phase earth
tube insulator 400 and the apertures 502 of the plug body
500 may be any appropriate corresponding shapes.
Typically, the shape of the flanged rear portion 406 of
the phase earth tube insulator 400 and the shape of the
aperture 502 of the plug body 500 is such that the phase
earth tube insulator 400 can be arranged in only one
orientation, thereby preventing any twisting of the earth
tube insulator that might otherwise cause damage to a

conductor contained therein.

Figure 6 shows a cross sectional view of the electrical
connection component 100 comprising the plug body 500
inter-fitted with the plug cap 200 and showing the phase
earth tube insulator 400 extending through the plug body
500 and the plug cap 200. The plug body 500, plug cap 200,
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and phase earth tube insulators 400 fill approximately 50%
of the internal region of the housing measuring from the
connection end 110 that would not otherwise be filled with
the electrical conductors 104a, 104b and/or any associated
flame paths. It will be appreciated that the plug body
500, plug cap 200, and phase earth tube insulators 400 may
fill approximately 10% or less, 20% or less, 30% or less,
40% or less, 50% or less, 60% or less, 70% or less, 80% or
less, 90% or less, or 100% or less of the internal region
of the housing measuring from the connection end 110 that
would not otherwise be filled with the electrical

conductors 104a, 104b and/or any associated flame paths.

Figure 7 shows a flowchart of a method 700 of forming the
electrical connection component 100. In a first step 702
of the method 700, the housing 106, the electrical
conductors 104a, 104b and the electrically insulating
components 200, 300, 400 are provided. In a second step
704, the insulating components 200, 300, 400 are form-fit
with one another such that a majority of the internal
region of the housing 106 that is located towards the
connection end 110 of the housing 106, and that would not
otherwise be filled with the electrical conductors 104a,
104b, is filled by the electrically insulating components
200, 300, 400.

It will be understood by persons skilled in the art of the
invention that many modifications may be made without

departing from the spirit and scope of the invention.

In the claims which follow and in the preceding
description of the invention, except where the context

requires otherwise due to express language oOr necessary
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comprises” or “comprising” is used in an inclusive sense,
i.e. to specify the presence of the stated features but
not to preclude the presence or addition of further

5 features in various embodiments of the invention.



CLAIMS:

1. An electrical connection component for a machine cable,
the electrical connection component being suitable for
transmission of power with voltage levels greater than or
equal to 1 kv, the electrical connection component

comprising:

at least one electrical conductor being arranged
for electrically coupling with a further electrical

conductor of another electrical connection component;

a housing having an internal region, and having a

machine cable end and a connection end; and

at least two electrically insulating components
positioned within the housing and each component being
arranged to form-fit with an inner surface of the
housing and with at least a further electrically
insulating component in a predefined orientation;

wherein

a first component of the at least two electrically
insulating components is positioned at a connection end
of the housing and a second component of the at least
two electrically insulating components 1is positioned

between the first component and the machine cable; and

a portion of the internal region of the housing
that is located at the connection end of the housing,
and that would not otherwise be filled with the at least

one electrical conductor and/or an assocliated flame

Date Regue/Date Received 2021-02-11



path, 1is filled by the at least two electrically
insulating components, and the further electrically

insulating component,

wherein at least one of the electrically insulating
components comprises a passage for receiving the further
electrically insulating component therewithin, and at
least a portion of the passage is shaped such that the
further electrically insulating component fits within

the passage in a predefined orientation.

2. The electrical connection component of claim 1, wherein
the electrically insulating components fill 10% or 1less, 20%
or less, 30% or 1less, 40% or less, 50% or less, 60% or less,
70% or less, 80% or less, 90% or less, or 100% or less of the
internal region of the housing measuring from the connection
end that would not otherwise be filled with the at least one

electrical conductor and/or an associated flame path.

3. The electrical connection component of claim 1, wherein
the insulating components fills more than 70%, 80% or 90% of

the internal volume of an internal portion of the housing.

4, The electrical connection component of claim 3, wherein
the internal portion fills more than 90%, 80% 70%, 60%, 50%

40%, 30% or 20% of the internal volume of the housing.

5. The electrical connection component of any one of claims
1 to 4, wherein the at least two electrically insulating
components are arranged such that the at least one conductor
penetrates through each of the electrically insulating

components.

Date Regue/Date Received 2021-02-11



0. The electrical connection component of any one of claims
1 to 5, wherein the first component has a protrusion having a
particular shape, with the second component having a
correspondingly shaped recess for receiving the protrusion of
the first electrically shaped recess wherein, when the first
component is received in the second component, the first and
second insulating components have a predefined orientation

with respect to one another.

7. The electrical connection component of any one of claims
1 to 6, comprising an electrically insulating component that
is arranged so as to receive a plurality of other
electrically insulating components, wherein at least one of
the electrically insulating components surrounds at least a
portion of the at 1least one conductor, the at least one

conductor penetrating therethrough.

8. The electrical connection component of any one of claims
1 to 7, wherein the electrically insulating components

comprise a polymeric material.

9. The electrical connection component of any one of claims
1 to 8, wherein the first and second components are arranged
to receive at least one third component through at least a
portion of each of +the first and second electrically

insulating components.

10. The electrical connection component of claim 9, wherein
the first and second electrically insulating components
comprise respective passages that are aligned so as to

receive the third electrically insulating component

Date Regue/Date Received 2021-02-11



therethrough.

11. The electrical connection component of claim 9 or claim
10, wherein the respective passages of the first and second
electrically insulating components, and the at least one
third electrically insulating component, are arranged such
that the at least one third electrically insulating component
form-fits with the first and second electrically insulating

components.

12. The electrical connection component of any one of claims
9 to 11, wherein the at least one third component comprises a
flange having a particular shape, the first or the second
component comprising a recess having a shape corresponding to
that of the flange of the third electrically insulating
component such that the third electrically insulating
component can only be arranged through the first and second

electrically insulating components in one orientation.

13. The electrical connection component of any one of claims
9 to 12, wherein the at least one third electrically
insulating component comprises a tube that is arranged for
receiving the at least one electrical conductor, the tube
comprising a first material comprising an insulating
material, the first material surrounding a length of the at
least one electrical conductor that has been received by the
tube, and a second material comprising a conductive material
arranged to be electrically couplable to an earth of the
machine cable, the second material surrounding the first

material substantially along a length of the third component.

Date Regue/Date Received 2021-02-11



14. The electrical connection component of any one of claims
9 to 13, wherein the first and second components are

substantially cylindrically shaped.

15. A method of forming an electrical connection component,
the electrical connection component being in accordance with
any one of claims 1 to 14, the method comprising the steps

of:

providing the housing, the at least one electrical
conductor, and the at least two electrically insulating

components; and

form-fitting at least one of +the electrically
insulating components with a further one of the
electrically insulating components and with an inner
surface of the housing in a predetermined orientation
such that a portion of the internal region of the
housing that is 1located at the connection end of the
housing, and that would not otherwise be filled with the
at least one electrical conductor and/or an associated
flame path, is filled by the electrically insulating

components.
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Provide the housing portion 10,
Lhe electirical conductors 104a,
104b and the electrically
insulating components 200, 300,
440

b

Form-£fit the insulating components
200, 300, 400 with one another
such that a majority of the
internal region of the housing
ortion 106€ located towards the
connsction end 110 of the housing
portion 106, and that would not
otherwise be filled with the
electrical conductors 104a, 104h,
ig filled by the electrically
insulating components 200, 300,
400
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