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A connector 10 Is disclosed of the type that interconnects and mechanically secures two electrical conductors together, particularly
non-insulated, flat ribbon conductors 46. The connector includes a C-shaped clamping member 42 and a wedge 44 that Is
conformably recelved therewithin thereby forming a conductor recelving channel on each side of the wedge 44, between the
wedge 44 and the walls of the clamping member 42. As the wedge 44 s forced into the clamping member 42 the walls are
elastically deflect outwardly, applying substantial force against the conductors, thereby establishing good electrical contact and a
strong mechanical interconnection of the two conductors. The connector 10 Is self aligning for a variety of conductor sizes where at
least one Is a flat conductor. This Is achieved by means of a novel combination of concave and convex surfaces on the clamping
member and a pair of flat converging surfaces on the wedge, one of which includes a concave portion.
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A connector 10 is disclosed of the type that

ABSTRACT

interconnects and mechanically secures two electrical
conductors together, particularly non-insulated, flat
ribbon conductors 46. The connector includes a C-shaped
clamping member 42 and a wedge 44 that is conformably
received therewithin thereby forming a conductor
receiving channel on each side of the wedge 44, between
the wedge 44 and the walls of the clamping member 42.

As the wedge 44 is forced into the clamping member 42
the walls are elastically deflect outwardly, applying
substantial force against the conductors, thereby
establishing good electrical contact and a strong
mechanical interconnection of the two conductors. The
connector 10 is self aligning for a variety of conductor
sizes where at least one is a flat conductor. This is
achieved by means of a novel combination of concave and
convex surfaces on the clamping member and a pair of
flat converging surfaces on the wedge, one of which
includes a concave portion.
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ELECTRICAL CONNECTOR

The present invention is related to electrical
connectors of the type that interconnect and
mechanically secure two electrical conductors together,
particularly non-insulated conductors.

Connectors for electrically commoning and
mechanically securing two electrical wires together are
well known in the industry, particularly in the power
utility industry. Such connectors typically include a
C-shaped clamping member and a wedge shaped member to be
conformably received within the C-shaped member.
Suitable radiused surfaces are provided in the interior
of the C-shaped member and the opposing surfaces of the
wedge to receive and clamp the wires. Examples of these
connectors are disclosed in U.S. Patent Nos. 4,415,222
and 4,600,264. These patents teach a connector having a
C-member with a slidable wedge that is movable into the
C-member by means of a screw. The two wires are
interposed between concave surfaces formed in the C-
member and the wedge and are tightly locked in place
when the screw is tightened to force the wedge into the
C~member. 'More recent‘examples of similar connectors
are diSdlosed in U.S. Patent Nos. 5,006,081 and
5,145,420. The 081 patent discloses a C-member
connector for interconnecting two relatively smaller
diameter wires which includes a locking device for
locking the two parts of the connector together. The
'420'patent discloses a C-member connector wherein the
bottom of the wedge is in engagement'with the inner
surface of the bottom of the C-member to minimize bowing
thereof and thereby substantially increase the clamping
force applied to the wires. A typical prior art C-
connector 10 1is shown in Figure 1. The connector 10 has
a C-mempber 12 and a wedge 14 where the C-member 12
includes upturned ends 16 that form channels for
receiving a pair of round wires 18 that are to be
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interconnected. The channels converge from the front
end 20 to the rear end 22. The wedge 14 includes
concave surfaces 24, one on each side, that engage the
wires 18 and force them into the channels when the wedge
is forced into the C-member 12. A projection 26 on the
wedge engages an opening 28 in the C-nember to secure
the assembly together. All of the above discussed
connectors are designed specifically for solid round
wires or stranded round cables.

However, conductors having relatively flat
rectangular cross-sectional shapes are currently in use
as ground and power buses. Such buses need to be tapped
on occasion, and the only connector device currently
available for this is a U-shaped member having a screw
threaded into each side. The two flat conductors are
inserted, side by side, into the interior of the U-
shaped member and the screws tightened against the
surfaces of the conductors to a specific value of
torque. Controlling torque in these situations in the
field is difficult and sometimes not accomplished
resulting in damaged conductors, poor electrical
cOnnections, or poor mechanical connections. The
alternative to using these connectors 1is to solder the
connections. However, this can be very cumbersome in
the field because gas tanks and other relatively heavy
equipment must be transported to the work site which is
frequently in relatively confined areas such as
manholes. What is needed is a C-member type connector
that will accept the flat ribbon conductors and
electrically interconnect them while providihg
gsufficient frictional force to secure them together
without danger of damage to them. Preferably such a
connector may be assembled by hand with the use of only
a pair of pliers.
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A connector is disclosed to electrically
interconnect two electrical conductors and to
mechanically secure them together, wherein one of the
electrical conductors is relatively flat having a
substantially elongated cross-sectional shape. The
connector includes a clamping member having a base and
two spaced walls extending upwardly from the base that
terminate in mutually opposed edges that curve toward
each other. The walls converge from a first end of the
base toward a second end thereof, each wall having a
concave surface near the base and a convex surface
between the concave surface and the opposing edge. The
two convex surfaces are mutually opposed. A wedge,
adapted to be conformably received in the clamping
member, has first and second opposite surfaces which
converge from a first end of the wedge toward a second
end thereof. The wedge and the clamping member are
arranged so that when the wedge is inserted into the
clamping member, the first surface of the wedge urges
the one conductor into electrical engagement with the
convex surface of one of the walls of the clamping
member and the second surface urges the other of the
conductors into electrical engagement with the other of
the walls of the clamping member.

The invention will now be described by way of
éxample'with reference to the accompanying drawings in
which: |

FIGURE 1 1s an isometric exploded view of a prior
art C-connector; '

FIGURE 2 1s an isometric exploded view of a
connector incorporating the teachings of the present
invention;

FIGURE 3 is a top plan view of the clamping member
shown in Figure 2;

FIGURE 4 is an end view of the clamping member
shown in Figure 3;
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FIGURE 5 is a top plan view of the wedge shown in
Figure 2;

FIGURE 6 is an end view of the wedge shown in
Figure 5;
FIGURE 7 is a cross-sectional view taken along the

lines 7-7 of Figure 2 showing the connector
jnterconnecting two flat conductors:

FIGURES 8 and 9 are views similar to that of Figure

7 showing the connector interconnecting a flat conductor
and a round conductor; and

FIGURE 10 is a view similar to that of Figure 7
showing another embodiment of the present invention.

There is shown in Figure 2 a connector 40
incorporating the teachings of the present invention.
The connector 40 includes a clamping member 42 and a
wedge 44. A pair of relatively flat ribbon conductors
46,'each having a substantially elongated shape, are
shown in position within the clamping member 42 with the

‘wedge 44 in position to be inserted into the clamping

member. The clamping member 42, as best seen in Figures

3 and 4, includes a base 48 and two walls or arms 50 and
52 extending upwardly from the base and terminating in
mutually opposed edges 54 and 56 that curve toward each
othér'aS'shOWn.' The two walls 50 and 52 are each tilted
inwardly from the vertical as shown at 58 (Figure 4),
for a purpose that will become apparent. The angle 58,
in the present example, is about 11 degrees, however, it
will'be understood that this exact angle is not critical

~and may-vary somewhat. The walls 50 and 52 and the base

48 are formed from a single piece so that concave
surfaces 60 and 62 are formed at the junctures. The
walls are then bowed inwardly slightly to form mutually
opposing convex surfaces 64 and 66 between the curved
edges 54,56 and the concave surfaces 60,62
respectively. In addition to the walls 50 and 52
tilting inwardly toward each other by the amount of the
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angle 58, they also converge from a first end 70 to a
second end 72. The clamping member is made from a 3/4
hard copper alloy CDA 195, per ASTM Specification No.
B465. This material has a copper content of 95 percent
and provides excellent spring characteristics. Other
suitable materials having good electrical and spring
characteristics, however, may be substituted.

The wedge 44, as best seen in Figures 5 and 6,
having a first end 74 and a second end 76, includes a
top surface 78, a bottom surface 80, and substantially
flat side surfaces 82 and 84. The two side surfaces 82
and 84 converge from the first end 74 of the wedge to
the second end 76 by an amount substantially the same as

- the convergence of the walls 50 and 52 from the end 70

of the clamping member to the end 72. The two side
surfaces also tilt toward each other somewhat at the top
surface 78 The two side surfaces 82 and 84 are each
tilted inwardly from the-vertiCal, as shown at 86, by an
amount of about 11.0 degrees, similar to the tilting of
the walls 50 and 52. The length Of'the wedge 44 is
substantially the same as the length of the clamping

member 42. The converging and the tilting of the side

-jsurfaces 82jand'84 conforms to the converging and

tilting of the walls 50 and 52 so that the wedge 44 may
be conformably received into the clamping menmber.
Referring now to Figures 2 through 6, a projection 90
extending from the bottom surface of the wedge 44 is

~arranged to snap into an opening 92 in the base 48 of

the clamping member 42 when the two parts are forced
together, thereby locking them in place. A bevel 94 in

" the edge of the base 48 and another bevel 96 on the

projection 90 aid in assembly. A tab 98, extending from
clamping member base 48 and bent upwardly, serves as a
stop for the wedge 44 to prevent over insertion into the
clamping member. The second surface 84 of wedge 44 also
includes a concave portion 100 that is formed therein
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for the length of the second surface. The concave
portion 100 is arranged opposite the concave surface 62
of the clamping member 42 when the wedge is in place in
the clamping member. The wedge is made of a die cast
coppexr alloy CDA 875 having a copper content of 80
percent or greater, or other suitable material.

Figures 7, 8, and 9 are cross-sectional views
showing the connector 40 fully assembled with conductors
in place for three different configurations of
conductors. The two side surfaces 82 and 84 of the
wedge 44 and the convex and concave surfaces 60 through
66 of the clamping member 42 define channels for
receiving the conductors to be interconnected. The
first configuration is shown in Figure 7 where the
connector 40 interconnects two flat ribbon conductors
46, similar to those shown in Figure 2, having
substantially elongated cross-sectional shapes. The
arms 50 and 52 are forced outwardly away from each other
as the wedge 44 is forced into the clamping member 42,
sandwiching the conductors 46 between the wedge 44 and

| the\Walls.of the clamping member 42. The convex

surfaces 64 and 66 are positioned so that they engage
the sides of the ribbon conductors 46 and urge them into
pressing engagement with the side surfaces 82 and 84 of
the wedge 44. When the wedge 44 is fully inserted the
projection 90 snaps into the opening 92, shown in
phantom in Figure 7. The wedge is forced into the
clamping member by means of a pair of pliers that are
manually operated. The energy stored in the forced'
apart arms 50 and 52 is sufficient to electrically and
mechanically interconnect the two conductors. However,
the projection 90 being in the opening 92 is relied upon
to maintain the wedge 44 in position within the clamping
member 42, With respect to mechanical interconnection,
by way of example, two ribbon conductors 0.050 inch
thick and 0.500 inch wide interconnected in this way can
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withstand a tensile force of a minimum of about 100

pounds. The arms 50 and 52, in the present example, are
elastic enough to allow for flat conductors having a
thickness range of about 0.032 inch to about 0.093 inch.
As long as the conductors are within this range they
will be self aligning when forced against the side
surfaces of the wedge by the urging of the convex
surfaces 64 and 66. The curved ends 54 and 56 of the
walls are spaced from the base 48 so that the edges of
the flat ribbon conductors are confined therebetween yet
with sufficient clearance so that the conductors will
not bind or become damaged during assembly of the
connector 40 thereto. Since the two side surfaces 82
and 84 of the wedge and the two arms 50 and 52 of the
clamping menmber are tilted off vertical by the angles 58
and 86 respectively, as shown in Figures 4 and 6, the
convex surfaces 64 and 66, due to the stored energy in
the arms, force the bottom surface of the wedge into
engagement with the base 48. This assures that the
projection 90 remains within the opéning 92. It also
helps to prevent bowing of the base 48 thereby
substantially increasing the force required to deflect
the'arms outwardly by the wedge, which in turn increases

the amount of energy stored in the deflected arms.

The second configuration is shown in Figure 8 where
the connector 40 interconnects a flat ribbon conductor
46 to a round conductor 102 , which may be either a
solid or stranded conductor. In the present example the
round conductor may be a number 6 gage or a number 8
gage wire. As the wedge is inserted into the clamping

" member, the arm 50 deflects as in the example of Figure

7, however, the arm 52 deflects very little since the
round conductor 102 is trapped between the two convex
surfaces 62 and 100. In this case, most of the stored

energy that is applied to electrically and mechanically
interconnect the two conductors is in the arm 50.
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The third configuration is shown in Figure 9 where
the connector 40 interconnects a flat ribbon conductor
46 to a smaller round conductor 104 , which may be
either a so0lid or stranded conductor. In the present
example the round conductor may be a number 10 gage or a
number 12 gage wire. Note that in this case, the round
conductor is positioned on the opposite side of the
connector 40 adjacent the concave surface 60. As the
wedge 44 is inserted into the clamping member 42, the
arm 52 deflects as in the example of Figqure 7, however,
the arm 50 deflects very little since the round
conductor 104 is trapped between the convex surface 60
and the side surface 82 of the wedge 44. In this case,
most of the stored energy that is applied to
electrically and mechanically interconnect the'two
conductors 1is in the arm 52. This arrangement of the
concave surface 100 opposing the concave surface 62 on
the one side of the connector 40, and the concave
surface 60 opposing the flat side 82 on the other side
of the connector,and the ability to position the flat
ribbon conductor optionally on either side, provides a
substantial range of conductor sizes that can be
accommodated. o

Another embodiment of the present invention is
shown in Figure 10 which 1s a cross-sectional view

- similar to that of Figure 7 showing the first

configuration, interconnecting two flat ribbon
conductors 46. There is shown in Figure 10 a connector
120 having a clamping member 122 and a wedge 124 that
are similar to the clamping member 42 and the wedge 44,
respectively, except that the wedge 124 has two side
surfaces 126 that are convex rather than flat and the
clamping member 122 has two walls 128 that are flat
rather than convex. The wedge 124, in addition to
having a concave surface 130 in one side surface that
corresponds to the concave surface 100 of the wedge 44,
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the opposite side surface has a smaller concave surface
132 formed therein. The concave surface 130 receives
larger round conductors in the range of 6 to 8 gage
while the concave surface 132 receives smaller
conductors in the range of 10 to 12 gage. The convex
surfaces 126 of the wedge 124 have a cord 136 that tilts
inwardly as shown at 138 about 11.0 degrees,
substantially the same as the tilting of the side
surfaces of the wedge 44. The flat surfaces of the
walls 128 also tilt inwardly as shown at 140 about 11
degrees, substantially the same as the tilting of the
walls of the clamping member 42,

When inserting the wedge 124 into the clamping
member 122 the arms 128 are forced outwardly away from
each other as the wedge is forced into the clamping
member, sandwiching the conductors 46 between the wedge
and the walls of the clamping member. The convex

surfaces 126 are positioned so that they engage the
sides of the ribbon conductors and urge them into
pressing engagement with the flat surfaces of the walls
128 of the clamping member in a manner similar to that
of the connector 40. When the wedge 1is fully inserted
the projection 90 snaps into'the opening 92. The wedge
is forced into the'ciamping member by means of a pair of
pliers that are manualiy operated. The energy stored in

the forced apart walls 126 is sufficient to electrically
and mechanically interconnect the two conductors. All

other aspects of the structure and operation of the
connector 120 are similar to those of the connector 40.
As with the connector 40, the walls 128 of the connector
120 are elastic enough to allow for flat conductors
having a thickness range of about 0.032 inch to about
0.093 inch. As long as the conductors are within this

range they will be self aligning when forced against the
flat surfaces of the walls 128 by the urging of the
convex surfaces 126.
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While the first configuration has been described
with respect to the second embodiment, it will be
understood that the second and third configurations
shown in Figures 8 and 9 will easily be accommodated by
the structure of the second embodiment. Such
accommodation will permit the interconnection of a flat
conductor to any of a range of round conductors from 6
gage to 12 gage.

An important advantage of the present invention is
that the connector will interconnect two flat ribbon
conductors or one flat conductor and one round
conductor. The connector 1is easily assembled in the
field by just a pair of pliers. Additionally, excellent
electrical contact is made as well as a good
mechanically strong interconnection without damage to
the conductors. This makes this connector suitable for
both low and high current applications. |

It is thought that the electrical connector of the
present invention and mahy of its attendant advantages

'will be understood from the foregoing description. It

is apparent.that various changes may be made in the

'form,'construction, and arrangement'of parts thereof

without departing from the spirit or scope of the
invention, or sacrificing all of its material
advantages. '
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CLAIMS

1. A connector to electrically interconnect two
electrical conductors (46,102,104) and to mechanically
secure them together, wherein one of said electrical

5 conductors (46,102,104) is relatively flat having a
substantially elongated créss-sectional shape,
comprising:

a clamping member (42,122) having a base (48) and
two spaced walls (50,52,128) extending upwardly from

10 said base (48) that terminate in mutually opposed edges
(54,56), said walls (50,52,128) converging from a first
end (70) of said base (48) toward a second end (72)
thereof, each said wall (50,52,128) having a contact
surface of which a first portion (60,62) is concave

15 adjacent said base (48) and a second portion is between
said first portion (60,62) and its respective said
opposing edge (54,56), said second portions of said two
walls being mutually opposed; and

a wedge (44,124), adapted to be conformably

20 received within said clamping member (42,122), having
first and second opposite side surfaces (82,84,126)
which converge from a first end (74) of said wedge (44,
124) toward a second.end (76) thereof,

' so that when said wedge (44,124) is inserted into

25 'said'clamping member (42,122) said side surface (82,84,

' 126) of said wedge (44,124) urges said one flat
conductor (46) into electrical engagement with said
second portion of said contact surface of one of said
walls (50,52,128), wherein one of said side surface

30 (82,84,126) and said second portion of said contact

' surface 1s convex,

and said second side surface (82,84,126) urges the
other of said conductors (46,102,104) into electrical
engagement with said contact surface of the other of

35 said walls (50,52,128) of said clamping member (42,122).
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2. The connector according to claim 1, wherein said
clamping member (42,122) and said wedge (44,124)
sufficiently interfere that said urging of said
conductors (46,102,104) into electrical engagement with
salid contact surfaces of said walls (50,52,128) effects
salid mechanically securing of said conductors

(46,102,104) together.

3. The connector according to claim 1, wherein said
second side surface (84,126) of said wedge (44,124)
includes a concave portion (100,130,132) opposite said
concave first portion (60,62) of said contact surface of
one of said walls (50,52,128) of salid clamping member
(42,122) for receiving a round conductor (102).

4. The connector according to claim 1, wherein one
of said second portions of sald contact surfaces
includes a convex surface (64,66) and one of said first
and second side surfaces (82,84) of said wedge (44)
includes a substahtially'flat portion that is opposite
sald convex surface (64,66) of its respective adjacent
said wall (50, 52),_thereby establlshlng a channel for
rece1V1ng sald one of said electrical conductors
(46 102 104). | |

- 5. The connector accordlng to clalm 1, wherein one
of said second portions of said oontact surfaces
includes a substantlally flat portion and one of said
first and second side (126) surfaces of said wedge (124)
inoludes a convex portion that is opposite said
Substantially;flat portion of its respective adjacent
said wall (128), thereby establishing a channel for
receiving said one of said electrical conductors
(46,102,104) .

6. The connector according to claim 1, wherein said
first and second side surfaces (82,84,128) converge from
the bottom (80) to the top (78) of said wedge (44,124),
and said walls of sald clamping member (42,122) converge
from said base (48) to said mutually opposed edges (54,
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56) in conformance to said first and second side
surfaces (82,84,126) so that said wedge (44,124) is
urged against said base (48) of said clamping member
(42,122).

7. The connector according to claim 1, wherein said
concave first portion (60,62) of said contact surface of
one wall and one of said side surfaces (82,84,126) of

said wedge (44,122) cooperate to trap and secure a round
conductor (102,104) therebetween.

8. The connector according to claim 1, wherein said
two walls (50,52,128)) are beams which are elastically
deflected outwardly upon insertion of said wedge
(44,124) and said conductors (46,102;104) into said
clamping member (42,122) thereby storing energy in said
beams, and said contact surface of one of said walls is
arranged so that the stered energy forces said one flat
conductor (46) into electrical end.mechanically secured

engagement with one of said first and second side

,surfaCes-(82;84,126) of Said-wedge (44,124).

9. The connector according to claim 8 wherein said

‘other conductor (46) 1is relatively flat haVing a
'substantlally elongated cross~seutlona1 shape, and
.’_whereln said convex surface of the other. of said walls

- (50, 52) is arranged so that said stored energy forces
said other conductor (46) into electrical and

mechanlcally secured engagement with the other of said
first and second side surfaces (82,84) of said wedge

”(44)

'10. The connector according to claim 1, wherein

: said base (48) of said clamping member (42,122) lncludes

an opening (92) therethrough and said wedge (44,124)
includes a projection (90) extending through said
opening (92) for locking said clamping member (42,122),
said wedge (44,124), and said two conductors together.
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