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(54)  Electrical connectors and methods for coupling the electrical connectors to busbars

(67)  An electrical connector is provided. The electri-
cal connector includes a first mounting portion 40. The
electrical connector further includes a first clamping por-
tion 41 coupled to the first mounting portion. The first
clamping portion 41 has a first coupling tab 42 and a
second coupling tab 44. The first and second coupling
tabs 42,44 define a first gap 50. The first and second
coupling tabs 42,44 are configured to form an electrical
connection with the first busbar 20 in the first gap 50.
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Description

[0001] Electrical busbars, such as elongated rectan-
gular flat conductive bus bars, have long been utilized in
the electrical distribution industry to conduct electricity.
Two electrical busbars have been conventionally con-
nected together by drilling or otherwise forming holes
through the two electrical busbars and coupling the bus-
bars together utilizing bolts disposed through the holes.
The drilling process, however, is a labor intensive and
time consuming task. Additionally, the need for bolts adds
cost and labor for installation.

[0002] Accordingly, the inventors herein have recog-
nized a need for improved electrical connectors.

[0003] An electrical connector in accordance with an
exemplary embodiment is provided. The electrical con-
nector includes a first mounting portion. The electrical
connector further includes a first clamping portion cou-
pled to the first mounting portion. The first clamping por-
tion has a first coupling tab and a second coupling tab.
The first coupling tab extends from the first mounting por-
tion in a first direction. The first coupling tab has first and
second apertures extending therethrough. The second
coupling tab extends from the first mounting portion in
the first direction. The first and second coupling tabs de-
fine a first gap. The second coupling tab has third and
fourth apertures extending therethrough. The third and
fourth apertures are aligned with the first and second
apertures, respectively. The first and third apertures are
configured to receive a first fastener. The second and
fourth apertures are configured to receive a second fas-
tener. The first gap is sized to receive a first busbar. The
first and second coupling tabs are configured to form an
electrical connection with the first busbar in the first gap.
[0004] A method for manufacturing a plurality of con-
nector portions of electrical connectors in accordance
with another exemplary embodiment is provided. The
method includes moving a liquid metal through an ex-
truding die to form an extruded portion having a cross-
sectional profile corresponding to a connector portion.
The method further includes cooling the extruded portion
utilizing a cooling device. The method further includes
cutting the extruded portion into the plurality of connector
portions utilizing a cutting device. Each connector portion
has a mounting portion and a clamping portion. Each
clamping portion has first and second coupling tabs that
extend from a respective mounting portion.

[0005] These and other advantages and features will
become more apparent from the following description
taken in conjunction with the drawings.

[0006] The subject matter, which is regarded as the
invention, is particularly pointed out and distinctly claimed
in the claims at the conclusion of the specification. The
foregoing and other features, and advantages of the in-
vention are apparent from the following detailed descrip-
tion taken in conjunction with the accompanying draw-
ings in which:
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FIG. 1 is a schematic of an electrical circuit having
an electrical connector in accordance with an exem-
plary embodiment;

FIG. 2 is a schematic of a first connector portion of
the electrical connector of FIG. 1;

FIG. 3 is another schematic of the first connector
portion of the electrical connector of FIG. 1;

FIG. 4 is a side view of the first connector portion of
FIG. 3;

FIG. 5 is a cross-sectional view of the first connector
portion of FIG. 3;

FIG. 6 is a schematic of a second connector portion
of the electrical connector of FIG. 1;

FIG. 7 is a side view of the second connector portion
of FIG. 6;

FIG. 8 is a cross-sectional view of the second con-
nector portion of FIG. 6;

FIGS. 9 and 10 are a flowchart of a method for cou-
pling an electrical connector to a busbar in accord-
ance with another exemplary embodiment;

FIG. 11 is a schematic of an electrical circuit having
an electrical connector in accordance with an exem-
plary embodiment;

FIG. 12 is a schematic of the electrical connector of
FIG. 11 in accordance with an exemplary embodi-
ment;

FIG. 13 is a cross-sectional schematic of an embod-
iment of the electrical connector of FIG. 11;

FIG. 13A is a cross-sectional schematic of an em-
bodiment of the electrical connector of FIG. 11;

FIG. 14 is a schematic of an embodiment of the elec-
trical connector of FIG. 11 in a flexed configuration
disposed on first and second busbars;

FIG. 15 is a cross-sectional schematic of an embod-
iment of the electrical connector and the first and
second busbars of FIG. 14;

FIG. 16 is a schematic of an embodiment of the elec-
trical connector of FIG. 11 configuration and dis-
posed on the first and second busbars;

FIG. 17 is a cross-sectional schematic of the electri-
cal connector and the first and second busbars of
FIG. 16;
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FIG. 18 is a flowchart of a method for coupling an
electrical connector to first and second busbars in
accordance with another exemplary embodiment;

FIG. 19 is a block diagram of a system for manufac-
turing a plurality of connector portions of electrical
connectors in accordance with another exemplary
embodiment;

FIG. 20 is a schematic of an extruding die utilized in
the system of FIG. 19 and an extruded portion exiting
the extruding die;

FIG. 21 is an enlarged schematic of a portion of the
extruded portion of FIG. 20;

FIG. 22 is a schematic of a connector portion cut
from the extruded portion of FIG. 20 prior to the ap-
ertures being drilled;

FIG. 23 is a schematic of the connector portion of
FIG. 22 having apertures drilled therein;

FIG. 24 is a schematic of the extruding die utilized
in the system of FIG. 19;

FIG. 25 is another schematic of the extruding die
utilized in the system of FIG. 19;

FIG. 26 is a flowchart of a method for manufacturing
a plurality of connector portions of electrical connec-
tors in accordance with another exemplary embod-
iment; and

FIG. 27 is an enlarged schematic of the electrical
connector of FIG. 1.

[0007] The detailed description explains embodiments
of the invention, together with advantages and features,
by way of example with reference to the drawings.
[0008] Referring to FIGS. 1-3, an electrical circuit 10
having a first busbar 20, a second busbar 22, and an
electrical connector 30 in accordance with an exemplary
embodiment is illustrated. An advantage of the electrical
connector 30 is that the connector 30 is coupled to the
first busbar 20 and the second busbar 22 without drilling
holes in the busbars 20, 22.

[0009] The first busbar 20 and the second busbar 22
are each constructed of an electrically conductive mate-
rial for conducting electricity therethrough. In one exem-
plary embodiment, the first busbar 20 and the second
busbar 22 are constructed of copper.

[0010] The electrical connector 30 includes a first con-
nector portion 31, a second connector portion 32, and
fasteners such as bolts 33, 34, 35, 36 for example. The
first connector portion 31 is coupled to the second con-
nector portion 32 utilizing the bolts 33, 34, 35, 36.
[0011] Referring to FIGS. 1, 3-5, and 27, the first con-
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nector portion 31 is configured to be coupled to the sec-
ond connector portion 32 and to the busbar 20. The first
connector portion 31 includes a mounting portion 40; a
clamping portion 41 having coupling tabs 42, 44; fasten-
ers such as bolts 60, 62; and nuts 64, 66. The mounting
portion 40 may be block-shaped and includes apertures
80, 82, 84, 86 extending therein. In one exemplary em-
bodiment, the block-shaped mounting portion 40 is par-
allelepiped shaped. The mounting portion 40 is con-
structed of an electrically conductive material. In one ex-
emplary embodiment, the mounting portion 40 is con-
structed of copper. Of course, in an alternative embodi-
ment, the mounting portion 40 could be constructed of
another electrically conductive material suitable for a pur-
pose disclosed herein.

[0012] Referringto FIGS. 3 and 5, the clamping portion
41 having coupling tabs 42, 44 is configured to hold the
busbar 20 between the couplingtabs 42,44. The coupling
tab 42 extends from the mounting portion 40 in a first
direction. The coupling tab 42 has apertures 100, 102
extending therethrough. The coupling tab 44 extends
from the mounting portion 40 in the first direction such
that a gap 50 is formed between the coupling tabs 42,
44. The gap 50 has a size sufficient to receive an end
portion of the busbar 20 therein. The coupling tab 44 has
apertures 110, 112 extending therethrough. The aper-
tures 110, 112 in the coupling tab 44 are aligned with the
apertures 100, 102 respectively in the coupling tab 42.
The coupling tabs 42, 44 have grooves 121, 123, respec-
tively, disposed proximate to the mounting portion 40,
wherein the coupling tabs 42, 44 are bendable proximate
the grooves 121, 123, respectively, toward one another.
The coupling tabs 42, 44 are each constructed of an elec-
trically conductive material. In one exemplary embodi-
ment, coupling tabs 42, 44 are constructed of copper. Of
course, in an alternative embodiment, the coupling tabs
42, 44 could each be constructed of another electrically
conductive material suitable for a purpose disclosed
herein.

[0013] Thebolt60is configuredto be disposed through
the apertures 100, 110 and is coupled to the nut 64. The
bolt 62 is configured to be disposed through the apertures
102, 112 and is coupled to the nut 66. When bolts 60, 62
are tightened within the nuts 64, 66, respectively, the
coupling tabs 42, 44 are urged towards one another such
that the coupling tabs 42, 44 are fixedly clamped against
the first busbar 20 disposed through the gap 50 between
the coupling tabs 42, 44. Also, the mounting portion 40
is electrically coupled to the first busbar 20 via the cou-
pling tabs 42, 44.

[0014] Referring to FIGS. 6-9, the second connector
portion 32 is configured to be coupled to the first connec-
tor portion 31 and to the busbar 22. The second connector
portion 32 includes a mounting portion 240; a clamping
portion 241 having coupling tabs 242, 244; fasteners
such as bolts 260, 262; and nuts 264, 266. The mounting
portion 240 may be block-shaped and includes apertures
280, 282, 284, 286 extending therein. In one exemplary
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embodiment, the block-shaped mounting portion 240 is
parallelepiped shaped. The mounting portion 240 is con-
structed of an electrically conductive material. In one ex-
emplary embodiment, the mounting portion 240 is con-
structed of copper. Of course, in an alternative embodi-
ment, the mounting portion 240 could be constructed of
another electrically conductive material suitable for a pur-
pose disclosed herein.

[0015] The clamping portion 241 having coupling tabs
242,244 is configured to hold the busbar 22 between the
coupling tabs 242, 244. The coupling tab 242 extends
from the mounting portion 240 in a first direction. The
couplingtab 242 has apertures 300, 302 extending there-
through. The coupling tab 244 extends from the mounting
portion 240 in the first direction such that a gap 250 is
formed between the coupling tabs 242, 244. The gap 250
has a size sufficient to receive the busbar 22 therein. The
couplingtab 244 has apertures 310, 312 extending there-
through. The apertures 310, 312 in the coupling tab 244
are aligned with the apertures 300, 302 respectively in
the coupling tab 242. The coupling tabs 242, 244 have
grooves 321, 323, respectively, disposed proximate to
the mounting portion 240, wherein the coupling tabs 242,
244 are bendable proximate the grooves 321, 323, re-
spectively, toward one another. The coupling tabs 242,
244 are each constructed of an electrically conductive
material. In one exemplary embodiment, coupling tabs
242, 244 are constructed of copper. Of course, in an al-
ternative embodiment, the coupling tabs 242, 244 could
each be constructed of another electrically conductive
material suitable for a purpose disclosed herein.

[0016] The bolt 260 is configured to be disposed
through the apertures 300, 310 and is coupled to the nut
264. The bolt 262 is configured to be disposed through
the apertures 302, 312 and is coupled to the nut 266.
When bolts 260, 262 are tightened within the nuts 264,
266, respectively, the coupling tabs 242, 244 are urged
towards one another such that the coupling tabs 242,
244 are fixedly clamped against the second busbar 22
disposed through the gap 250 between the coupling tabs
242, 244. Also, the mounting portion 240 is electrically
coupled to the second busbar 22 via the coupling tabs
242,244,

[0017] Referring to FIGS. 9 and 10, a flowchart of a
method for coupling the electrical connector 30 to bus-
bars 20, 22 in accordance with another exemplary em-
bodiment will be explained.

[0018] Atstep 350, the user provides the first connector
portion 31 having a mounting portion 40; the clamping
portion 41 having coupling tabs 42, 44; bolts 60, 62; and
nuts 64, 66. The coupling tab 42 extends from the mount-
ing portion 40 in a first direction. The coupling tab 42 has
apertures 100, 102 extending therethrough. The coupling
tab 44 extends from the mounting portion 40 in the first
direction such that the gap 50 is formed between the
coupling tabs 42, 44. The coupling tab 44 has apertures
110, 112 extending therethrough. The apertures 110, 112
are aligned with the apertures 100, 102, respectively. The
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bolt 60 is disposed through the apertures 100, 110 and
is coupled to the nut 64. The bolt 62 is disposed through
the apertures 102, 112 and is coupled to the nut 66.
[0019] At step 352, the user provides the second con-
nector portion 32 having amounting portion 240; a clamp-
ing portion 241 having coupling tabs 242, 244; bolts 260,
262; and nuts 264, 266. The coupling tab 242 extends
from the mounting portion 240 in a first direction. The
coupling tab 242 has apertures 300, 302 extending there-
through. The coupling tab 244 extends from the mounting
portion 240 in the first direction such that the gap 250 is
formed between the coupling tabs 242, 244. The coupling
tab 244 has apertures 310, 312 extending therethrough.
The apertures 310, 312 are aligned with the apertures
300, 302, respectively. The bolt 260 is disposed through
the apertures 300, 310 and it is coupled to the nut 264.
The bolt 262 is disposed through the apertures 302, 312
and is coupled to the nut 266.

[0020] To form the electrical connector 30 as a com-
bination of the first connector portion 31 and the second
connector portion 32, the mounting portion 240 can be
coupled to the mounting portion 40 or formed as a unitary
body. The coupling tabs 242 and 244 extend from the
mounting portion 240 in an opposite direction relative to
the direction in which the coupling tabs 42 and 44 extend
from the mounting portion 40. The mounting portion 40
is a first mounting portion, and the mounting portion 240
is a second mounting portion. The clamping portion 41
is a first clamping portion, and the clamping portion 241
is a second clamping portion. The coupling tabs 42, 44,
242, 244 are first, second, third, and fourth coupling tabs,
respectively. The apertures 100,102, 110, 112, 300, 302,
310, 312 are first, second, third, fourth, fifth, sixth, sev-
enth, and eighth apertures, respectively. The gap 50 is
a first gap, and the gap 250 is a second gap. The bolts
60, 62, 260, 262 are first, second, third, and fourth fas-
teners, respectively.

[0021] At step 354, the userinserts the first busbar 20
within the gap 50 such that the first busbar 20 is disposed
between the coupling tabs 42, 44 and further disposed
between the bolts 60, 62.

[0022] At step 356, the user rotates the bolts 60, 62
within the nuts 64, 66, respectively, such that the coupling
tabs 42, 44 are fixedly clamped against the first busbar
20. Also, the mounting portion 40 is electrically coupled
to the first busbar 20.

[0023] Atstep 358, the userinserts the second busbar
22 within the gap 250 such that the second busbar 22 is
disposed between the coupling tabs 242, 244 and is fur-
ther disposed between the bolts 260, 262.

[0024] At step 360, the user rotates the bolts 260, 262
within the nuts 264, 266, respectively, such that the cou-
pling tabs 242, 244 are fixedly clamped against the sec-
ond busbar 22, and the mounting portion 240 is electri-
cally coupled to the second busbar 22.

[0025] Referring to FIGS. 19, 20, 24 and 25, a system
700 for manufacturing a plurality of connector portions
of electrical connectors in accordance with another ex-
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emplary embodiment will now be explained. The system
700 includes a melting device 710, an extruding device
720, a first conveyor device 730, a cooling device 740,
a second conveyor device 750, a cutting device 760, and
a drilling device 770.

[0026] The melting device 710 is configured to melt a
metal to form a liquid metal 712. In one exemplary em-
bodiment, the liquid metal 712 is liquid copper.

[0027] The extruding device 720 is configured to re-
ceive the liquid metal 712 from the melting device 710
and to move the liquid metal 712 through an extruding
die 724 within the extruding device 720 to form an ex-
truded portion 726. The extruded portion 726 has a cross-
sectional profile corresponding to a connector portion.
The extruding die 724 is constructed of plates 780, 782,
784, 786, 788, 790 coupled together. The extruding die
724 has an inlet aperture 820 and an outlet aperture 824.
The outlet aperture 824 has a profile corresponding to a
connector portion such that when the liquid metal 712
exits the outlet aperture 824, the extruded portion 726
has a cross-sectional profile corresponding to a connec-
tor portion.

[0028] The first conveyor device 730 is configured to
move the extruded portion 726 exiting the extruding de-
vice 720 from the extruding device 720 to the cooling
device 740.

[0029] The cooling device 740 is configured to cool the
extruded portion 726 such that the extruded portion 726
is solidified. In one exemplary embodiment, the cooling
device 740 applies a liquid on the extruded portion 726
to cool the extruded portion 726.

[0030] The second conveyor device 750 is configured
to move the extruded portion 726 from the cooling device
740 to the cutting device 760.

[0031] Referring to FIGS. 19, 22 and 23, the cutting
device 760 cuts the extruded portion 760 into the plurality
of connector portions 31. Each connector portion 31 has
a mounting portion 40 and a clamping portion 41. Each
clamping portion 41 has first and second coupling tabs
42, 44 that extend from a respective mounting portion 40.
[0032] Referring to FIGS. 5 and 19, the drilling device
770 drills apertures 100, 102 in the coupling tab 42 and
apertures 110, 112 in the coupling tab 44. The apertures
100, 110 are aligned with one another, and the apertures
102, 112 are aligned with one another.

[0033] Referring to FIGS. 5, 19 and 23, the drilling de-
vice 770 drills the apertures 80, 82, 84, 86 through each
mounting portion 40 of each connector portion 31.
[0034] Referring to FIGS. 5, 19, 20, 24 and 25, a flow-
chart of a method for manufacturing a plurality of con-
nector portions of electrical connectors in accordance
with another exemplary embodiment will now be ex-
plained.

[0035] Atstep 900, the melting device 710 melts a met-
alto form a liquid metal 712 and the extruding device 720
moves the liquid metal 712 through the extruding die 720
to form the extruded portion 726 having a cross-sectional
profile corresponding to a connector portion 31.
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[0036] At step 902, the first conveyor device 730
moves the extruded portion 726 to the cooling device 740.
[0037] At step 904, the cooling device 740 cools the
extruded portion 726.

[0038] At step 906, the second conveyor device 750
moves the extruded portion 726 from the cooling device
740 to the cutting device 760.

[0039] At step 908, the cutting device760 cuts the ex-
truded portion 726 into the plurality of connector portions
31. Each connector portion 31 has a mounting portion
40 and a clamping portion 41. Each clamping portion 41
has first and second coupling tabs 42, 44 that extend
from a respective mounting portion 40.

[0040] Atstep 910, the drilling device 770 drills at least
firstand second apertures 100, 110inthe firstand second
coupling tabs 42, 44, respectively, of each clamping por-
tion 41, that are aligned with one another.

[0041] Atstep 912, the drilling device 770 drills at least
one aperture 80 through each mounting portion 40 of
each connector portion 31.

[0042] Referring to FIGS. 11 and 15, an electrical cir-
cuit 400 in accordance with an exemplary embodiment
is provided. The electrical circuit 400 includes a first bus-
bar 420 having a top surface 420A and a bottom surface
420B; a second busbar 422 having a top surface 422A
and a bottom surface 422B; a third busbar 424; an elec-
trical connector 430; and at least one fastener 432 such
as a bolt, and a corresponding nut (not shown). The first
busbar 420, the second busbar 422, and the third busbar
424 are each constructed of electrically conductive ma-
terial for conducting electricity therethrough. In one ex-
emplary embodiment, the first busbar 420, the second
busbar 422, and the third busbar 424 are constructed of
copper.

[0043] In an embodiment, the first busbar 420 is cou-
pled at a first end to the second bus bar 422 by the elec-
trical connector 430, and coupled at a second end to third
busbar 424 via fasteners, such as bolts. In another em-
bodiment, the first busbar 420 is coupled at a first end to
third bus bar 424 by a first electrical connector 430, and
coupled at a second end to first busbar 420 via a second
electrical connector 430 (not shown).

[0044] In an embodiment the electrical connector 430
is configured to electrically couple the first busbar 420
extending in a first direction "X", and the second busbar
422 extending in a second direction "Y". In an embodi-
ment, the first and second directions X, Y are substan-
tially orthogonal. An advantage of the electrical connector
430 is that the connector 430 can be coupled to the sec-
ond busbar 422 without the need to form holes in the
busbar 422, such as by drilling.

[0045] Referring to FIGS. 11-13A, and in an embodi-
ment, the electrical connector 430 includes a first mount-
ing portion 450, a clamping portion 452, and a second
mounting portion 454. The electrical connector 430 is
constructed of an electrically conductive material for con-
ducting electricity therethrough. In one exemplary em-
bodiment, the electrical connector 430 is constructed of
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copper. In alternative embodiments, the electrical con-
nector 430 may be constructed of any desired electrically
conductive material suitable for a purpose disclosed
herein.

[0046] The first mounting portion 450 comprises a re-
ceiving portion 460. The receiving portion 460 is sized
and disposed to receive an end portion 461 of the first
busbar 420. In one embodiment, the receiving portion
460 defines a first aperture 460A extending therethrough
sized and disposed to receive the end portion 461 of the
first busbar 420 therethrough (Fig. 13). In another em-
bodiment, the receiving portion 460 defines a slot 460B
sized and disposed to receive the end portion 461 of the
first busbar 420 therein (Fig. 13A). One advantage of an
embodiment having aperture 460A is that connector 430
is adjustably positionable on at least one of first busbar
420 and second busbar 422.

[0047] The clamping portion 452 is coupled to the first
mounting portion 450 and is configured and arranged to
extend over a portion of the first busbar 420. The clamp-
ing portion 452 is configured to operatively impart a
clamping force in a third direction indicated by arrow F,
i.e., toward the second busbar 422 when the second bus-
bar 422 is disposed between the clamping portion 452
and the first busbar 420. In an embodiment, the third
direction F is substantially orthogonal to both the first and
second directions. In an embodiment, the clamping por-
tion 452 further comprises a resilient pivoting member
433 and disposed to operatively impart a clamping force
in the third direction F through clamping portion 452 to-
ward the second busbar 422 during an installation of con-
nector 430. For example, during an installation of con-
nector 430, a mounting force generally in the third direc-
tion F is applied by a user to the second mounting plate
portion, such as through the at least one fastener 432,
thereby causing a flexing or bending of resilient pivoting
member 433 whereby clamping portion 452 imparts a
clamping force in the third direction F.

[0048] In an embodiment, the clamping portion 452
comprises a first hinge portion 470, a first contact portion
472, asecond contact portion 474, and a coupling portion
476. In an embodiment, the first hinge portion 470 ex-
tends outwardly from an end of the first mounting portion
450 at an acute angle relative to the first mounting portion
450. The first contact portion 472 is coupled to and dis-
posed between the first hinge portion 470 and the second
contact portion 474. In an embodiment, the first contact
portion 472 is disposed generally perpendicular to the
first mounting portion 450. The second contact portion
474 is coupled to and disposed between the first contact
portion 472 and the coupling portion 476. The coupling
portion 476 extends generally perpendicular to the sec-
ond contact portion 474 and is coupled to the second
mounting portion 454. In an embodiment, the second
mounting portion 454 extends generally perpendicular to
the portion 476. In an embodiment, clamping portion 452
is configured to contact the top surface 422A of the sec-
ond busbar 422. In other embodiments an intermediate
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plate, such as a conductive shim (not shown) may be
disposed between the clamping portion 452 and the sec-
ond busbar 422.

[0049] The second mounting portion 454 is coupled to
the clamping portion 452. The second mounting portion
454 is configured to be coupled to the first busbar 420
such that the second busbar 422 is fixedly held between
the clamping portion 452 and the first busbar 420, and
the second busbar 422 is electrically coupled to the first
busbar 420.

[0050] For example, in one embodiment, the second
mounting portion 454 defines at least one second mount-
ing portion aperture 500 extending therethrough and
sized and disposed to operably align with a correspond-
ing at least one aperture 421 defined in the first busbar
420.

[0051] Inanembodiment,the atleastonefastener432,
such as a bolt, is disposed to extend through the second
mounting portion aperture 500 and the corresponding at
least one aperture 421 defined in first busbar 420 and is
coupled to a first nut 433.

[0052] Referringto FIGS. 14-18, aflowchart of a meth-
od for coupling the electrical connector 430 to the first
busbar 420 and the second busbar 422 in accordance
with another exemplary embodiment will now be ex-
plained.

[0053] Atstep600,the userprovides the electrical con-
nector 430 having the first mounting portion 450 com-
prising the receiving portion 460 formed therein, the
clamping portion 452 coupled to an end of the first mount-
ing portion 450, and the second mounting portion 454
coupled to an end of the clamping portion 452. The sec-
ond mounting portion 454 having at least one second
mounting portion aperture 500 defined therethrough.
[0054] Atstep 602, the userinserts an end portion 461
of the first busbar 420 into the receiving portion 460 of
the first mounting portion 450 (as shown in FIGS. 14 and
15) such that the clamping portion 452 extends over a
portion of the first busbar 420 extendingin afirstdirection.
[0055] Atstep 604, the userdisposes a second busbar
422 to extend in a second direction substantially perpen-
dicular to the first direction, and between the clamping
portion 452 and the first busbar 420 (as shown in FIGS.
14 and 15).

[0056] At step 606, the user applies a force in the third
direction F substantially orthogonal the first and second
directions, to move the clamping portion 452 toward the
second busbar 422 (as shown in FIGS. 16 and 17) such
that clamping portion 452 imparts a clamping force in the
third direction F, i.e., toward the second busbar 422 to
electrically couple the second busbar 422 and the first
busbar 420.

[0057] Atstep 608, the user fastens the connector 430
to the first busbar 420 by disposing a portion of the bolt
432 through the at least one second mounting portion
aperture 500 and through an corresponding aperture of
the first busbar 420 and coupling a threaded end of the
bolt 432 to a first nut.
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[0058] Embodiments of the electrical connectors and
methods for coupling the connectors to busbars de-
scribed herein provide a substantial advantage over prior
art electrical connectors and methods. In particular, the
electrical connectors couple together two busbars with-
out having to drill holes in both busbars.

[0059] Whilethe invention has been described in detail
in connection with only a limited number of embodiments,
it should be readily understood that the invention is not
limited to such disclosed embodiments. Rather, the in-
vention can be modified to incorporate any number of
variations, alterations, substitutions or equivalent ar-
rangements notheretofore described, but which are com-
mensurate with the spirit and scope of the invention. Ad-
ditionally, while various embodiments of the invention
have been described, it is to be understood that aspects
of the invention may include only some of the described
embodiments. Accordingly, the invention is not to be
seen as limited by the foregoing description, but is only
limited by the scope of the appended claims.

[0060] Various aspects and embodiments of the
present invention are defined by the following numbered
clauses:

1. An electrical connector, comprising:
a first mounting portion;

a first clamping portion coupled to the first
mounting portion, the first clamping portion hav-
ing a first coupling tab and a second coupling
tab;

the first coupling tab extending from the first
mounting portion in a first direction, the first cou-
pling tab having first and second apertures ex-
tending therethrough;

the second coupling tab extending from the first
mounting portion in the first direction, the first
and second coupling tabs defining a first gap,
the second coupling tab having third and fourth
apertures extending therethrough, the third and
fourth apertures being aligned with the first and
second apertures, respectively;

the firstand third apertures configured to receive
a first fastener;

the second and fourth apertures configured to
receive a second fastener;

the first gap is sized to receive a first busbar;
the first and second coupling tabs being config-

ured to form an electrical connection with the
first busbar in the first gap.
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2. The electrical connector of clause 1, wherein the
first and second fasteners are configured to extend
between the first coupling tab and the second cou-
pling tab.

3. The electrical connector of clause 1 or clause 2,
wherein the first and second fasteners are first and
second bolts, respectively.

4. The electrical connector of any preceding clause,
wherein the first mounting portion and the first and
second coupling tabs are constructed of an electri-
cally conductive material.

5. The electrical connector of any preceding clause,
wherein the electrically conductive material is cop-
per.

6. The electrical connector of any preceding clause,
wherein the first mounting portion is block-shaped.

7. The electrical connector of any preceding clause,
wherein the first and second coupling tabs have first
and second grooves, respectively, disposed proxi-
mate to the first mounting portion, wherein the first
and second coupling tabs are bendable proximate
the first and second grooves, respectively, toward
one another.

8. The electrical connector of any preceding clause,
further comprising:

a second mounting portion;

a second clamping portion coupled to the sec-
ond mounting portion, the second clamping por-
tion having a third coupling tab and a fourth cou-
pling tab;

the third coupling tab extending from the second
mounting portion in a second direction opposite
to the first direction, the third coupling tab having
fifth and sixth apertures extending therethrough;

the fourth coupling tab extending from the sec-
ond mounting portion in the second direction,
the third and fourth coupling tabs defining a sec-
ond gap, the fourth coupling tab having seventh
and eighth apertures extending therethrough,
the seventh and eighth apertures being aligned
with the fifth and sixth apertures, respectively;

the fifth and seventh apertures configured to re-
ceive a third fastener;

the sixth and eighth apertures configured to re-
ceive a fourth fastener;
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the second gap is sized to receive a second bus-
bar;

the third and fourth coupling tabs being config-
ured to form an electrical connection with the
second bus bar in the second gap.

9. The electrical connector of any preceding clause,
wherein the third and fourth fasteners are configured
to extend between the first coupling tab and the sec-
ond coupling tab.

10. The electrical connector of any preceding clause,
wherein the third and fourth fasteners are first and
second bolts, respectively.

11. The electrical connector of any preceding clause,
wherein the second mounting portion and the third
and fourth coupling tabs are constructed of an elec-
trically conductive material.

12. The electrical connector of any preceding clause,
wherein the second mounting portion is block-
shaped.

13. The electrical connector of any preceding clause,
wherein the third and fourth coupling tabs have first
and second grooves, respectively, disposed proxi-
mate to the second mounting portion, wherein the
third and fourth coupling tabs are bendable proxi-
mate the first and second grooves, respectively, to-
ward one another.

14. A method for manufacturing a plurality of con-
nector portions of electrical connectors, comprising:

moving a liquid metal through an extruding die
to form an extruded portion having a cross-sec-
tional profile corresponding to a connector por-
tion;

cooling the extruded portion utilizing a cooling
device;

cutting the extruded portion into the plurality of
connector portions utilizing a cutting device,
each connector portion having a mounting por-
tion and a clamping portion, each clamping por-
tion having first and second coupling tabs that
extend from a respective mounting portion.

15. The method of any preceding clause, further
comprising drilling at least first and second apertures
through first and second coupling tabs, respectively,
of each clamping portion, that are aligned with one
another utilizing a drilling device.

16. The method of any preceding clause, further
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comprising drilling at least one aperture in each
mounting portion of each connector portion.

17. The method of any preceding clause, wherein
the liquid metal is liquid copper.

18. The method of any preceding clause, further
comprising moving the extruded portion from the ex-
truding die to the cooling device utilizing a first con-
veyor device.

19. The method of any preceding clause, further
comprising moving the extruded portion from the
cooling device to the cutting device utilizing a second
conveyor device.

20. The method of any preceding clause, wherein
cooling the extruded portion comprises applying a
liquid to the extruded portion.

Claims

An electrical connector, comprising:

a first mounting portion (40);

a first clamping portion (41) coupled to the first
mounting portion, the first clamping portion hav-
ing a first coupling tab (42) and a second cou-
pling tab (44);

the first coupling tab extending from the first
mounting portion in a first direction, the first cou-
pling tab having first and second apertures ex-
tending therethrough;

the second coupling tab extending from the first
mounting portion in the first direction, the first
and second coupling tabs defining a first gap
(50), the second coupling tab having third and
fourth apertures extending therethrough, the
third and fourth apertures being aligned with the
first and second apertures, respectively;
thefirstand third apertures configured toreceive
a first fastener;

the second and fourth apertures configured to
receive a second fastener;

thefirst gap (50) is sized toreceive afirstbusbar;
the first and second coupling tabs (42,44) being
configured to form an electrical connection with
the first busbar in the first gap (50).

The electrical connector of claim 1, wherein the first
and second fasteners are configured to extend be-
tween the first coupling tab and the second coupling
tab.

The electrical connector of claim 1 or claim 2, where-
in the first and second fasteners are first and second
bolts, respectively.
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The electrical connector of any preceding claim,
wherein the first mounting portion and the first and
second coupling tabs are constructed of an electri-
cally conductive material.

The electrical connector of any preceding claim,
wherein the electrically conductive material is cop-
per.

The electrical connector of any preceding claim,
wherein the first mounting portion is block-shaped.

The electrical connector of any preceding claim,
wherein the first and second coupling tabs have first
and second grooves, respectively, disposed proxi-
mate to the first mounting portion, wherein the first
and second coupling tabs are bendable proximate
the first and second grooves, respectively, toward
one another.

The electrical connector of any preceding claim, fur-
ther comprising:

a second mounting portion;

a second clamping portion coupled to the sec-
ond mounting portion, the second clamping por-
tion having a third coupling tab and a fourth cou-
pling tab;

the third coupling tab extending from the second
mounting portion in a second direction opposite
to the first direction, the third coupling tab having
fifth and sixth apertures extending therethrough;
the fourth coupling tab extending from the sec-
ond mounting portion in the second direction,
the third and fourth coupling tabs defining a sec-
ond gap, the fourth coupling tab having seventh
and eighth apertures extending therethrough,
the seventh and eighth apertures being aligned
with the fifth and sixth apertures, respectively;
the fifth and seventh apertures configured to re-
ceive a third fastener;

the sixth and eighth apertures configured to re-
ceive a fourth fastener;

the second gap is sized to receive a second bus-
bar;

the third and fourth coupling tabs being config-
ured to form an electrical connection with the
second bus bar in the second gap.

The electrical connector of any preceding claim,
wherein the third and fourth fasteners are configured
to extend between the first coupling tab and the sec-
ond coupling tab.

The electrical connector of any preceding claim,
wherein the third and fourth fasteners are first and
second bolts, respectively.
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1.

12.

13.

14.

15.

The electrical connector of any preceding claim,
wherein the second mounting portion and the third
and fourth coupling tabs are constructed of an elec-
trically conductive material.

The electrical connector of any preceding claim,
wherein the second mounting portion is block-
shaped.

The electrical connector of any preceding claim,
wherein the third and fourth coupling tabs have first
and second grooves, respectively, disposed proxi-
mate to the second mounting portion, wherein the
third and fourth coupling tabs are bendable proxi-
mate the first and second grooves, respectively, to-
ward one another.

A method for manufacturing a plurality of connector
portions of electrical connectors, comprising:

moving a liquid metal through an extruding die
to form an extruded portion having a cross-sec-
tional profile corresponding to a connector por-
tion;

cooling the extruded portion utilizing a cooling
device;

cutting the extruded portion into the plurality of
connector portions utilizing a cutting device,
each connector portion having a mounting por-
tion and a clamping portion, each clamping por-
tion having first and second coupling tabs that
extend from a respective mounting portion.

The method of claim 14, further comprising drilling
at least first and second apertures through first and
second coupling tabs, respectively, of each clamping
portion, that are aligned with one another utilizing a
drilling device.
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USER PROVIDES A FIRST CONNECTOR PORTION HAVING FIRST
MOUNTING PORTION, FIRST AND SECOND COUPLING TABS,
FIRST AND SECOND BOLTS, AND FIRST AND SECOND NUTS, THE
FIRST COUPLING TAB EXTENDING FROM THE FIRST MOUNTING
PORTION IN A FIRST DIRECTION, THE FIRST COUPLING TAB
HAVING FIRST AND SECOND APERTURES EXTENDING
THERETHROUGH, THE SECOND COUPLING TAB EXTENDING
FROM THE FIRST MOUNTING PORTION IN THE FIRST DIRECTION
SUCH THAT A FIRST GAP IS FORMED BETWEEN THE FIRST AND |~ 350
SECOND COUPLING TAPS, THE SECOND COUPLING TAB HAVING
THIRD AND FOURTH APERTURES EXTENDING THERETHROUGH,
THE THIRD AND FOURTH APERTURES BEING ALIGNED WITH THE
FIRST AND SECOND APERTURES, RESPECTIVELY, THE FIRST
BOLT BEING DISPOSED THROUGH THE FIRST AND THIRD
APERTURES AND COUPLED TO THE FIRST NUT, THE SECOND
BOLT BEING DISPOSED THROUGH THE SECOND AND FOURTH
APERTURES AND COUPLED TO THE SECOND NUT

USER PROVIDES A SECOND CONNECTOR PORTION HAVING A
SECOND MOUNTING PORTION COUPLED TO THE FIRST
MOUNTING PORTION, THIRD AND FOURTH COUPLING TABS,
THIRD AND FOURTH BOLTS, AND THIRD AND FOURTH NUTS,
THE THIRD COUPLING TAB EXTENDING FROM THE SECOND
MOUNTING PORTION IN A SECOND DIRECTION OPPOSITE TO

THE FIRST DIRECTION, THE THIRD COUPLING TAB HAVING 359
FIFTH AND SIXTH APERTURES EXTENDING THERETHROUGH,
THE FOURTH COUPLING TAB EXTENDING FROM THE SECOND

MOUNTING PORTION IN THE SECOND DIRECTION SUCH THAT A

SECOND GAP IS FORMED BETWEEN THE THIRD AND FOURTH
COUPLING TABS, THE FOURTH COUPLING TAB HAVING

SEVENTH AND EIGHTH APERTURES BEING ALIGNED WITH THE

FIFTH AND SIXTH APERTURES, RESPECTIVELY, THE THIRD

BOLT BEING DISPOSED THROUGH THE FIFTH AND SEVENTH
APERTURES AND COUPLED TO THE THIRD NUT, THE FOURTH

BOLT BEING DISPOSED THROUGH THE SIXTH AND EIGHTH
APERTURES AND COUPLED TO THE FOURTH NUT

®

FIG. 9
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7

USER INSERTS A FIRST BUSBAR WITHIN THE FIRST GAP SUCH
THAT THE FIRST BUSBAR IS DISPOSED BETWEEN THE FIRST |
AND SECOND COUPLING TABS AND FURTHER DISPOSED | — 354
BETWEEN THE FIRST AND SECOND BOLTS

USER ROTATES THE FIRST AND SECOND BOLTS WITHIN THE
FIRST AND SECOND NUTS, RESPECTIVELY, SUCH THAT THE
FIRST AND SECOND COUPLING TABS ARE FIXEDLY CLAMPED
AGAINST THE FIRST BUSBAR, AND THE FIRST MOUNTING
PORTION IS ELECTRICALLY COUPLED TO THE FIRST BUSBAR

356

\
USER INSERTS A SECOND BUSBAR WITHIN THE SECOND GAP
SUCH THAT THE SECOND BUSBAR IS DISPOSED BETWEEN THE
THIRD AND FOURTH COUPLING TABS AND FURTHER DISPOSED| 358

BETWEEN THE THIRD AND FOURTH BOLTS

USER ROTATES THE THIRD AND FOURTH BOLTS WITHIN THE
THIRD AND FOURTH NUTS RESPECTIVELY, SUCH THAT THE
THIRD AND FOURTH COUPLING TABS ARE FIXEDLY CLAMPED
AGAINST THE SECOND BUSBAR, AND THE SECOND MOUNTING
PORTION IS ELECTRICALLY COUPLED TO THE SECOND BUSBAR

~—-360

FIG. 10
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PROVIDING THE ELECTRICAL CONNECTOR 430 HAVING THE
FIRST MOUNTING PORTION 450 COMPRISING THE RECEIVING
PORTION 460 FORMED THEREIN, THE CLAMPING PORTION 452

COUPLED THE FIRST MOUNTING PORTION 450, AND THE
SECOND MOUNTING PORTION 452. THE SECOND MOUNTING
PORTION 454 HAVING AT LEAST ONE SECOND MOUNTING
PORTION APERTURE 500 DEFINED THERETHROUGH

600

A

INSERTING AN END PORTION 461 OF THE FIRST BUSBAR 420
INTO THE RECEIVING PORTION 460 OF THE FIRST MOUNTING
PORTION 450 SUCH THAT THE CLAMPING PORTION 452
EXTENDS OVER A PORTION OF THE FIRST BUSBAR 420
EXTENDING IN A FIRST DIRECTION

602

DISPOSING A SECOND BUSBAR 422 TO EXTEND IN A SECOND

DIRECTION SUBSTANTIALLY PERPENDICULAR TO THE FIRST

DIRECTION, AND BETWEEN THE CLAMPING PORTION 452 AND
THE FIRST BUSBAR 420

604

APPLYING A FORCE IN THE THIRD DIRECTION F SUBSTANTIALLY |,

ORTHOGONAL THE FIRST AND SECOND DIRECTIONS, TO MOVE
THE CLAMPING PORTION 452 TOWARD THE SECOND BUSBAR
422 TO IMPART A CLAMPING FORCE IN THE THIRD DIRECTION F,
I.LE., TOWARD THE SECOND BUSBAR 422 TO ELECTRICALLY
COUPLE THE SECOND BUSBAR 422 AND THE FIRST BUSBAR 420

606

DISPOSING A SECOND BUSBAR 422 TO EXTEND IN A SECOND

DIRECTION SUBSTANTIALLY PERPENDICULAR TO THE FIRST

DIRECTION, AND BETWEEN THE CLAMPING PORTION 452 AND
THE FIRST BUSBAR 420
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FIG. 22
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MELTING DEVICE MELTS A METAL TO FORM A LIQUID METAL
AND AN EXTRUDING DEVICE MOVES THE LIQUID METAL
THROUGH AN EXTRUDING DIE TO FORM AN EXTRUDED

PORTION HAVING A CROSS-SECTIONAL PROFILE
CORRESPONDING TO A CONNECTOR PORTION

ﬂ\\\/’ 900

\

FIRST CONVEYOR DEVICE MOVES THE EXTRUDED
PORTION TO A COOLING DEVICE

"\ 902

COOLING DEVICE COOLS THE EXTRUDED PORTION

T \_904

!

SECOND CONVEYOR DEVICE MOVES THE EXTRUDED PORTION
FROM THE COOLING DEVICE TO A CUTTING DEVICE

~\_-906

CUTTING DEVICE CUTS THE EXTRUDED PORTION INTO A
PLURALITY OF CONNECTOR PORTIONS, EACH CONNECTOR
PORTION HAVING A MOUNTING PORTION AND A CLAMPING

PORTION, EACH CLAMPING PORTION HAVING FIRST AND SECOND

COUPLING TABS THAT EXTEND FROM A RESPECTIVE MOUNTING
PORTION

\__908

DRILLING DEVICE DRILLS AT LEAST FIRST AND SECOND
APERTURES THROUGH FIRST AND SECOND COUPLING TABS,
RESPECTIVELY, OF EACH CLAMPING PORTION, THAT ARE
ALIGNED WITH ONE ANOTHER

910

\

DRILLING DEVICE DRILLS AT LEAST ONE APERTURE THROUGH
EACH MOUNTING PORTION OF EACH CONNECTOR PORTION

/ﬂ“x«,/ 912

FIG. 26
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