wo 2014/011999 A1 |[IN I PO OO0 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/011999 A1

16 January 2014 (16.01.2014) WIPO | PCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
HOIR 13/52 (2006.01) HOIR 24/28 (2011.01) kind of national protection available): AE, AG, AL, AM,
HOIR 13/533 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
21) Int tional Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(21) International Application Number: PCT/US2013/050291 DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KN, KP, KR,
(22) International Filing Date: KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
12 July 2013 (12.07.2013) MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
. . OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC,
(25) Filing Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
(26) Publication Language: English TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: (84) Designated States (uniess otherwise indicated, for every
61/671,246 13 July 2012 (13.07.2012) Us kind Of regional protection available): ARIPO (BW, GH,
13/692,401 3 December 2012 (03.12.2012) US GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
(71) Applicant: TYCO ELECTRONICS CORPORATION TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
[US/US]; 1050 Westlakes Drive, Berwyn, Pennsylvania EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
19312 (US). MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, SM,
(72) Inventor: SPALDING, Matthew; 19712 Beneteau Court, gﬁ D?[‘EPII\/I(I]SF&EBJ’SEF’TEG’TSL CM, GA, GN, GQ, GW,
Cornelius, North Carolina 28301 (US). » ML, MR, NE, 8N, TD, TG).
(74) Agent: TYCO ELETRONICS TECHNOLOGY RE- Yublished:
SOURCES; 4550 New Linden Hall Road, Suite 140, —  with international search report (Art. 21(3))
Wilmington, Delaware 19808 (US).
(54) Title: MINING CABLE COUPLERS
102
\ 9{) 98
216 118
AY
214 16
v B !/
11 o -
i
220~ 7
2 N
l’l/-ﬂ/;;’%l/%/flllll_lﬂl_l‘
222 250
V E 122
N % 120
Cosie.

N 142

FIG. 1

(57) Abstract: A mining cable coupler includes a hollow body with an entrance fitting for an electrical cable at the a end of the body
and an electrical connector mounting member having a plurality of electrical connector receiving apertures adjacent a second end of
the body with electrical connectors mounted in corresponding ones of the receiving apertures. At least one of the electrical connector
includes an elongate electrical conductor that has an exposed face at an end of the hollow body. An insulating material surrounds the
electrical conductor. The insulating material defines a radiussed region on the exposed end face of the electrical connector that
provides electrical stress relief at the exposed end face. The end of the electrical conductor with the exposed face includes either an
electrically conductive pin portion protruding from the end face or a mating electrically conductive socket portion having an opening
in the end face.
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MINING CABLE COUPLERS

BACKGROUND OF THE INVENTION
[0001] The present invention relates to cable connectors and, more particularly, to cable
connectors of the type used for electrical cables in the mining industry, which have insulators.
[0002] Heavy electrical cables are commonly used in the mining industry for powering
equipment. Such cables are connected together by cable couplers or connectors. These are
used in pairs, one coupler having a plurality of sockets which receive a plurality of plugs in a
second coupler. The couplers may be mounted on skids so they can be pulled about the job
site by means of the attached cables.
[0003] The plugs and sockets, both of which comprise elongated conductors, are usually
surrounded by an insulator, typically having a cylindrical opening surrounding each of the
conductors. These insulators are subject to failure due to accident or environmental
conditions. This can lead to arcing across adjacent conductors or between one or more
conductors and ground. An example of such a mining coupler is described, for example, in
United States Patent No. 5,447,453 ("the '453 Patent").
[0004] Mining couplers are adapted from other electrical market_products. The mining
industry has unique requirements, such as: dragging the "plug and play" connections
protected by metal sleds behind equipment, quick and reliable connect and disconnect,
high environmental contamination and must operate near the rated current/power levels.
These requirements differ from many electric utility applications such as underground
residential distribution (URD). Electric utility market models of "plug and play" designs
for applications such as underground residential distribution generally do not see full
current loading, are in relatively clean environments and the mechanical duty
requirements are relatively low compared to mining. Many of the harsh service
environment requirements in mining are met by protecting the electrical connector

through the use of a metallic case.

SUMMARY OF THE INVENTION
[0005] Embodiments of the present invention provide a mining cable coupler including a

hollow body having a first end and a second end. An entrance fitting for an electrical cable
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is at the first end of the body. An electrical connector mounting member having a plurality
of electrical connector receiving apertures is adjacent the second end of the body. A
plurality of electrical connectors are mounted in corresponding ones of the receiving
apertures. At least one of the electrical connectors includes an elongate electrical conductor
and an insulating material. The elongate electrical conductor extends from a first end in the
hollow body that is configured to electrically connect to an electrical cable received through
the entrance fitting to an opposite second end that has an exposed face at the second end of
the hollow body. The first end of the electrical conductor is closer to the first end of the
hollow body than the second end of the electrical conductor. The insulating material
surrounds the electrical conductor. At the second end of the electrical conductor, the
insulating material defines a radiussed region on the exposed end face of the electrical
connector that provides electrical stress relief at the exposed end face. The second end of
the electrical conductor includes either an electrically conductive pin portion protruding
from the end face or a mating electrically conductive socket portion having an opening in the

end face.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] Figure 1 is a side cross-sectional view illustrating a mining coupler with male plugs
according to some embodiments of the present invention;
[0007] Figure 2 is a side cross-sectional view illustrating a mining coupler with female
sockets according to some embodiments of the present invention;
[0008] Figure 3 is a front plan view of the mining coupler of FIG. 1 with the cover thereof
- removed; and |
[0009] Figure 4 is a front plan view of the mining coupler of FIG. 2 with the cover thereof

- removed,

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION
[0010] The present invention now will be described more fully hereinafter with reference to
the accompanying drawings, in which illustrative embodiments of the invention are shown.
In the drawings, the relative sizes of regions or features may be exaggerated for clarity. This
invention may, however, be embodied in many different forms and should not be construed
as limited to the embodiments set forth herein; rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully convey the scope of the

invention to those skilled in the art.
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[0011] It will be understood that, although the terms first, second, etc. may be used herein fo
describe various elements, components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be limited by these terms. These
terms are only used to distinguish one element, component, region, layer or section from
another region, layer or section. Thus, a first element, component, region, layer or section
discussed below could be termed a second element, component, region, layer or section
without departing from the teachings of the present invention.

[0012] Spatially relative terms, such as "beneath", "below", "lower", "above", "upper" and
the like, may be used herein for ease of description to describe one element or feature's
relationship to another element(s) or feature(s) as illustrated in the figures. It will be
understood that the spatially relative terms are intended to encompass different orientations of
the device in use or operation in addition to the orientation depicted in the figures. For
example, if the device in the figures is turned over, elements described as "below" or
"beneath" other elements or features would then be oriented "above" the other elements or
features. Thus, the exemplary term "below" can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90° or at other orientations) and the
spatially relative descriptors used herein interpreted accordingly.

[0013] As used herein, the singular forms "a", "an" and "the" are intended to include the
plural forms as well, unless expressly stated otherwise. It will be further understood that the
terms "includes," "comprises," "including" and/or "comprising," when used in this
specification, specify the presence of stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components, and/or groups thereof. It will be
understood that when an element is referred to as being "connected" or "coupled" to another
element, it can be directly connected or coupled to the other element or intervening elements
may be present. As used herein, the term "and/or" includes any and all combinations of one
or more of the associated listed items.

[0014] Unless otherwise defined, all terms (including technical and scientific terms) used
herein have the same meaning as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood that terms, such as those defined
in commonly used dictionaries, should be interpreted as having a meaning that is consistent
with their meaning in the context of this specification and the relevant art and will not be

interpreted in an idealized or overly formal sense unless expressly so defined herein.
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[0015] Some embodiments of mining couplers will now be described with reference to FIGs.
1 to 4. The coupler shown in FIGs. 1 and 3 is generally the same as that in the embodiments
of FIGs. 2 and 4, however, the former includes male plugs adapted to be received in the
female sockets of the latter. These embodiments are shown in FIGs. 1 and 2 with protective
covers 142, 156 in place. In normal use these covers would be removed and the
complementary couplers mutually engaged to connect together two different mining cables.
Because of their similarities, the embodiments are chiefly described with reference only to
the embodiment of FIGs. 1 and 3.

[0016] Referring now to FIGs. 1 and 3, the mihing cable coupler 10 includes a hollow body
12, which may be a metal such as aluminum. The body may be generally cylindrical and has
a first end 14 and a second end 16 displaced longitudinally (along the axis of the cable using
the coupler) from the first end 14. .
[0017] An entrance fitting 24 is shown at the first end 14 of the body 12 that receives an
electrical cable. The cable is received through a cylindrical interior opening 27. Seals and
other features of the entrance fitting 24 are shown, which are more fully described, for
example, in the '453 Patent. Other types of entrance ﬁttingé may be used with embodiments
of the present invention.

[0018] Also shown in the embodiments of FIGs. 1 and 3 is an insulated connector member
mount, shown generally at 90, for mounting a plurality of insulated connector members, such
as connector member 92 shown in FIG. 1 (see also, connector member 92' in FIG. 2),
adjacent the second end 16 of the body. In the illustrated embodiments, there are three such
connector members 92, 94 and 96, shown in FIG. 3, as is conventional for mining cable
couplers of this type. The connector members 92, 94, 96 are illustrated as arranged at the
corners of an equilateral triangle. Unlike conventional mining coupler insulators, which
include tubular insulators as seen in the '453 Patent, the connector members 92, 94, 96 (92,
94', 96" include a ball (convex end face) 92', 94', 96' and cup (concave end face) 92, 94, 96
insulator configuration such as that more fully described in the context of the electrical
connection disclosed in United States Patent No. 6,227,908 ("the '908 Patent").

[0019] The connector member mount 90 is shown as a generally round, plate-like member.
The three connector members 92, 94, 96 are received in respective circular apertures through
the connector member mount 90. Aperture 100 for connector member 92 can be seen in FIG.
1 (See, also, connector member 92" in FIG. 2). The other apertures are the same, and are
spaced-apart at the corners of an equilateral triangle to correspond with the positions of the

connector members shown in FIG. 3. There is an annular recess 102 about each aperture, 100
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on the side of mount 90 facing end 16 of the body. The recess is dimensioned to be
complementary in shape and configuration to the shoulder 98 of each connector member so
the shoulder can be closely received within the recess as shown for connector member 92 in
FIG. 1.

[0020] An O-ring may be compressingly received between each insulator and the
corresponding aperture in mount 90. These O-rings may serve to seal about each of the
insulators and may seal the inside of the body 12 from moisture, dirt and other contaminants.
[0021] Connector member 92 has a metal conductor 214 extending therein within insulating
material 216 with a pin 218 protruding therefrom at one end. At its other end, beyond the
insulating material 216, the connector member 92 terminates in a socket 220 for receiving the
conductor of a high voltage cable received into the hollow body 12 through the opening 27.
At the pin end of the connector member 92, the insulation 214 is radially enlarged and may
carry a conductive screening layer 222 on its outer surface, the layer terminating in a radial
flange 224 defines the shoulder 98. The conductor 214 may be radially enlarged and
radiussed (concave in FIG. 1) within the insulation 216 adjacent the pin 218 on the end face
250, so as to distribute electrical stress more evenly over the exposed annular end surface
face 250 (i.e., the "cup" of the ball and cup insulator interface after forming an electrical
connection) of the insulation 216. Many existing medium voltage insulating materials may
be used for the insulation 216, 228, Examples of suitable materials include silicone rubber
and ethylene propylene diene monomer (M-class) rubber (EPDM). Mixtures could also be
utilized for the dielectric. High or medium current/voltage pin and soéket connectors could
be employed based on the connection requirements.

[0022] Referring now to FIG. 2, the connector member 92' (i.e., female connector member)
has a corresponding metal conductor 226 encased within insulating material 228. The
conductor 226 terminates at one end in a socket 230 that is configured to receive the pin 218,
and at its other end is a socket 232 for receiving the conductor of another cable. The
connector member 92' may also be provided with an outer conductive screening layer 234
ferminating in a flange 236 (defining the shoulder 98) at a radially-enlarged (convex in FIG.
2) insulating portion around the socket 230 (i.e., the "ball" of the ball and cup insulator
interface) at an end face 252 of the connector member‘ 92'.

[0023] The exposed mating annular surface faces 250, 252 of the connector members 92, 92'
are curved (radiussed) so as to assist in the exclusion of air pockets at the interface when the
pin 218 is fully mated within the socket 230 and when the outer flanges 224 and 236 are in

abutment. The curved insulating interface may be offset from the annular interface of the
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flanges 224, 236 so as to avoid a direct path from outside the connector members 92, 92' to
the inner high voltage conductor connection. Conductive layers 222 and 234, together with
the flanges 224, 236 may provide screening of the interconnection.

[0024] A compact, low profile, screened and stress controlled in-line splice can thus be
formed by the coupling of the electrical connector members 92, 92' when respective cables
are connected to the sockets 220 and 232 thereof.

[0025] Referring again to FIG. 1, the coupler may also include a securing member 118 which
may serve in part to releasably secure the connector members to mount 90. The member 118
has an inner portion 120, shown in FIG. 1 and 3, which may be held tightly against mount 90
by releasable fasteners, in this instance by three bolts 124. There are three apettures 122
extending through inner portion 120 corresponding in position to each of the connector
members 92, 94 and 96. The apertures 122 may be slightly larger than end faces 250, 252 of
the insulating material 216 apart from the shoulders 98 thereof. The apertures are smaller
than the shoulders 98 and therefore the securing member 118 presses against the shoulders of
the connector members to releasably secure them within the grooves 102 in the insulator
mount 90 when the bolts 124 are tightened. Inner portion 120 then tightens against both the
shoulders 98 of the connector members and the mount 90, The securing member 118 may be
made of metal.

[0026] FIG. 1 also shows a cap 142 fitted over the second end 16 of the body 12. A chain
152 may be used to connect the cap to the body 12, as seen in FIG. 3, so the cover is not lost
when removed from the end 16 of the body as shown in FIG. 3. The cover is thus removed in
order to connect coupler 10 with coupler 11 shown in FIG. 2.

[0027] Coupler 11, as mentioned above, is generally similar to coupler 10 and therefore is
described only with respect to the differences therebetween. In the case of coupler 11, cap
156 for this coupler is instead provided with the spaced-apart lugs 159 which to attach to the
body of the coupler 10. The cap 156 is temoved in order to connect coupler 10 to coupler 11.
As discussed above, coupler 11 has three female sockets 230 configured to receive the male
plugs 218 of coupler 10. There are three such sockets that are arranged and spaced-apart in
the same manner as the male plugs so as to allow all three connections to be concurrently
formed by a simple longitudinal insertion.

[0028] A securing member 166 of the coupler 11 is flat and plate-like. With no outer tubes
surrounding the insulator.

[0029] After the covers are removed, the couplers can be fitted together, end 170 of coupler

11 being larger in diameter than end 16 of coupler 10 so the latter receives the former therein
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up to shoulder 144 of coupler 10. The couplers 10, 11 may then be tightened together by a
bolt as illustrated to hold the couplers together.

[0030] As described above, embodiments of the present invention adapt a ball and cup
configuration connector to provide improved mining couplers. These connectors include a
male and female dielectric interface with the abutting faces thereof in a ball and cup
relationship for the interface between the dielectrics with the power passed through a center
pin (plug) and socket connector. It will be understood that, while the plug is shown as having
the concave end face 250, in other embodiments the plug has a convex end face and the
mating socket has a concave end face 252.

[0031] Many existing mining couplers, equipment plug ports and supply plug ports utilize
male and female tubular or conical bushings similar to the electric utility load break and dead
break 2004, 250A & 600A 15kV-35kV designs. While this design may be acceptable for
the electrical utility application of connecting one phase at a time, the mechanical,
environmental and service requirements are moderate, Mining applications, such as
described in the '453 Patent, generally require all 3 phases to be connected at once with a long
longitudinal interface between the insulating dielectrics in harsh environments. The tough
service conditions for these conventional couplers all contribute to damage and electrical
breakdown with this configuration.

[0032] The ball and cup configuration of some embodiments of the present invention may
provide a quicker and easier make and break interface as compared to the relatively large
surface area of three tubular or conical bushings and rubbing of the dielectrics during
insertion of the connectors. Bending moments and torques would be limited as the make and
break of the electrical connection would require much less "X" axis or longitudinal
movement because the insulating dielectric interface is now more along the "Y" axis or
normal to the make and break axis as seen in FIGs. 1 and 2.

[0033] In some embodiments, connector members as described herein could be used to adapt
existing couplers one phase at a time if one coupler insulator was damaged. A female
dielectric cup would be put on the appropriate coupler connector and the male on the other.
The interface between the existing couplers around the damaged insulator could be
accomplished by mechanical force or pressure of mating the outer coupler housings or high
dielectric grease or high dielectric gel. The same method could be applied phase by phase or
with a 3 phase retrofit design if the entire already in use coupler was to be converted.

[0034] In some embodiments of the present invention, the electrical connection may be

protected from excessive mechanical dielectric and connector forces by the coupler housing
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making the ball and cup configuration described herein an excellent medium voltage power
connection for this mining coupler application.

[0035] The foregoing is illustrative of the present invention and is not to be construed as
limiting thereof. Although a few exemplary embodiments of this invention have been
described, those skilled in the art will readily appreciate that many modifications are possible
in the exemplary embodiments without materially departing from the novel teachings and
advantages of this invention. Accordingly, all such modifications are intended to be included
within the scope of this invention as defined in the claims. In the claims, means-plus-
function clauses are intended to cover the structures described herein as performing the
recited function and not only structural equivalents but also equivalent structures. Therefore,
it is to be understood that the foregoing is illustrative of the present invention and is not to be
construed as limited to the specific embodiments disclosed, and that modifications to the
disclosed embodiments, as well as other embodiments, are intended to be included within the
scope of the appended claims. The invention is defined by the following claims, with

equivalents of the claims to be included therein.
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THAT WHICH IS CLAIMED:

1. A mining cable coupler, comprising:

a hollow body having a first end and a second end;

an entrance fitting for an electrical cable at the first end of the body;

‘an electrical connector mounting member having a plurality of electrical connector
receiving apertures adjacent the second end of the body; and

a plurality of electrical connectors mounted in corresponding ones of the receiving
aperture.s, at least one of the electrical connectors comprising:

an elongate electrical conductor extending from a first end in the hollow body that is
configured to electrically connect to an electrical cable received through the entrance fitting
to an opposite second end that has an exposed face at the second end of the hollow body,
wherein the first end of the electrical conductor is closer to the first end of the hollow body
than the second end of the electrical conductor; and

an insulating material surrounding the electrical conductor, wherein at the second end
of the electrical conductor the insulating material defines a radiussed region on the exposed
end face of the electrical connector that provides electrical stress relief at the exposed end
face and wherein the second end of the electrical conductor includes either an electrically
conductive pin portion protruding from the end face or a mating electrically conductive

socket portion having an opening in the end face.

2. The mining cable coupler of Claim 1, wherein the electrical conductor

-comprise a medium voltage conductor.

3. The mining cable coupler of Claim 1, wherein the electrical conductor

comprise a high voltage conductor.

4. The mining cable coupler of Claim 1, wherein the radiussed region comprises

either a concave or a convex region.

5. The mining cable coupler of Claim 4, wherein the insulating material
comprises at least one of silicone rubber and ethylene propylene diene monomer (M-class)

rubber (EPDM).
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6. . The mining cable coupler of Claim 4, further comprising a sealing member

between each of the electrical connectors and the electrical connector mounting member.

7. The mining cable coupler of Claim 4, wherein the electrical conductor
includes the conductive pin portion and wherein the mining cable coupler further comprises a
mating mining cable coupler, wherein the mating mining cable coupler comprises:

a second hollow body having a first end and a second end;

a second entrance fitting for an electrical cable at the first end of the second body;

a second electrical connector mounting member having a plurality of electrical
connector receiving apertures adjacent the second end of the second body; and

a plurality of mating electrical connectors mounted in corresponding ones of the
receiving apertures, at least one of the mating electrical connectors comprising:

a mating elongate electrical conductor extending from a first end in the second hollow
body that is configured to electrically connect to an electrical cable received through the
second entrance fitting to an opposite second end that has an exposed face at the second end
of the second hollow body, wherein the first end of the mating electrical conductor is closer
to the first end of the second hollow body than the second end of the mating electrical
conductor; and

a mating insulating material surrounding the mating electrical conductor, wherein at
the second end of the mating electrical conductor the mating insulating material defines a
radiussed region on the exposed end face of the mating electrical connector that provides
electrical stress relief at the exposed end face and wherein the second end of the mating
electrical conductor includes a mating electrically conductive socket portion having an
opening in the end face, wherein one of exposed end faces of the electrical conductor or the
mating electrical conductor is a convex region and the other is a concave region having
matched curvatures to provide an even abutting contact therebetween when the pin portion is

fully inserted in the socket portion.

8. The mining cable coupler of Claim 7 wherein all the electrical connectors
comprise the elongate electrical conductor and the insulating material and wherein all of the
mating electrical connectors comprise the mating elongate electrical conductor and the

mating insulating material.

9. The mining cable coupler of Claim 7, wherein the mating mining cable

10
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coupler is configured to receive an electrical cable in the second entrance fitting from an
energized power source and wherein the mining cable coupler is configured to receive an

electrical cable in the entrance fitting thereof from an un-energized electrical device.

10. The mining cable coupler of Claim 4, wherein all the electrical connectors

comprise the elongate electrical conductor and the insulating material.

11.  The mining cable coupler of Claim 10, wherein the plurality of electrical
connectors each further comprise a conductive layer extending over an outer surface of the
insulating material at the second end of the electrical conductor that provides electrical

screening for the electrical connector,

12, The mining cable coupler of Claim 4, wherein the electrical connector

mounting member comprises a substantially flat mounting plate.

11
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