
- 1 - 1                             Electrical Connector This invention
relates to an electrical connector and more particularly to a cable
connector 5   for making electrical contact with conductors of flat
conductor cable. Flat multiconductor power cable, in which a plurality of
flat electric conductors are contained in 10    a thin film of electric
insulation, is described, for example, in copending U.K. Patent
Application, Serial No. 2052134. In a system in which a 15    plurality of
such cables are adanted to be placed on the floor and to extend in several
directions, it is nec- essary to electrically connect the conductors of one
flat multiconductor cable with those of another flat multiconductor cable.
It is desirable, particularly 20    in undercarpet systems, that the
connecting device be relatively easy to install, have a minimum thickness
to prevent unsightly carpet bulges and provide a reliable mechanical and
electrical contact under continuous application of various loads. 25
One known connecting device for use in connect- ing flat conductor cables
is described in copending U.K. Patent Application, Serial No. 2053585. In
30    this application, the clamp member to be used with flat conductor
cable has first and second bendable arm nortions that are bent to overlie
one another and to receive the flat conductor cables therebetween.  The two
opposing arm portion surfaces are each provided with a plurality 35    of
insulation piercing teeth which serve to pierce through the insulation
surrounding a conductor to make electrical contact therewith.  



-2 - A locking mechanism is provided on the connector for holding the
connector in a fixed contact position with the cable conductor. 5   Due in
particular to the teeth construction, repetitive or continuous direct loads
on this clamp member may cause the teeth in contact with the conductor to
loosen, thereby reducing the effectiveness and reliability ofthe
connection.  Thus, for use as an undercarpet 10 connector in particularly
heavy duty environments, the clamp member is preferably supported by
resilient components so as to minimize or prevent direct applica- tion of
loads on the connector. 15  It is an object of the prevent invention to
provide a connector for use in undercarpet installations that assures
reliable connections without need for additional resilient supportive
elements. 20  In accordance with the present invention, there is provided
an electrical connector comprising: a bendable member for bending along a
bending line, said member including a first arm portion and a second arm
portion separated from one another by said bending 25  line, said arm
portions adapted upon bending to be positioned in spaced facing relation
relative to each other; a projection extending outwardly from and along the
surface of each arm portion, each projection having 30  a pair of teeth
extending along opposite sidewall surfaces of said projections, each tooth
having a sharp long edge at the extreme distal location from the surface of
each arm portion, said edge being adapted to pierce insulation and/or one
or 35  more conductors, the teeth on the projections of 



respective arm portions being substantially parallel, said projections
being    -3- aligned on said arm portions in offset disposition relative to
each other such that upon bending said member about the bending line a
tooth edge of one projection lies facingly between the teeth edges of 5
the other projection. The latter connector is particularly useful in
joining together the conductors of two separate flat conductor cables. 10
In a preferred embodiment, the projections are arranged such that upon
bending, teeth edges pierce the conduc- tors. In a further preferred
aspect, teeth edges of facing projections that pierce the conductors 15
pass through a common plane intermediate the arm portions of the member in
its bent position. In another aspect, the connector includes means for
lock- ing the arm portions in a fixed bent position so that the teeth are
held in contact with the conductors. 20      -- In a preferred embodiment,
in which the connector is adapted for use in providing electrical
connection with a flat conductor cable of the type having enclosing
electrical insulation thereabout, a plurality of 25  projections with a
pair of teeth are provided on each of the sectors of an elongate plate
member that is bent about its bending axis, the bending axis being
substantially orthogonal to the longitudinal axis of the plate member.. In
the bent position, the sectors 30  are arranged in spaced relation adjacent
opposite 



* surfaces of the flat conductors whereby the teeth on facing projections
pierce the insulations and contact the conductors. In the conductor
contacting position, a tooth edge of each of the projections on one sector
35 lies facingly between the teeth edges of an associated    - 3a -
projection on the other sector.  The projections may be arranged on the
sectors either parallel to or orthogonal with the bending axis of the plate
member. In the former arrangement, facing projections 5   are
longitudinally offset with respect to each other. In the latter
arrangement, facing projections are offset with respect to each other
transversely of the elongate plate member. 10 In a preferred embodiment in
which the connector is adapted for use in making electrical connection
-4- 1    with at least two flat conductor cables each having enclosing
electrical insulation thereabout, a plurality of projections having a pair
of teeth are arranged on two sectors of a bendable elongate plate member
extending 5    orthogonal to the bending axis and transversely across the
plate member such that upon bending, each sector is positioned adjacent a
respective flat conductor cable. The projections are arranged such that
upon bending, oppositely facing teeth pierce the insulation and con- 10
ductor of the respectively adjacent conductor cables, the facing teeth
lying in offset relation to each other transversely of the elongate plate
member whereby a 



tooth edge of each of the Projections on one sector lies between the teeth
edges of a facing projection on the 15    other sector. BRIEF DESCRIPTION
OF THE DRAWING: Figure 1 is a perspective view of a Preferred embodiment of
an electrical connector in accordance with the present invention. 20
Figure 2 is a perspective view of two over- lapping flat conductor cables
with the connector of Figure 1 shown at an intermediate stage of assembly
for connecting conductors of the two cables. Figure 3 is side elevation
view of the conduc- 25    tor cables of Figure 2 showing the connector
closed to a position just prior to Penetration of connector teeth into the
respective cables. Figure 4 is an enlarged partially sectioned view of the
connector and cables as seen along viewing 30    lines 4-4 of Figure 3.
Figure 5 is a successor view of Figure 4 wherein the connector has been
closed upon the cables to its final position. Figure 6 is a perspective
view of another 35    embodiment of the connector of the present invention
shown prior to bending thereof.    -5- Referring to the drawing, there is
shown in Figure 1 an electrical connector 10 in accordance with a preferred
embodiment of the present invention which is particularly useful for making
electrical contact 5   with the conductors of a flat cable.  The connector
10 includes a bendable member that is-adapted to bend along a bending
line.12 to define first and second 



arm portions 14 and 16. In the preferred embodiment shown, the entire
connector 10 is metallic so as to 10 be suitable for conducting electricity
when the connector 10 is attached to and makes electrical contact with the
conductor of a flat conductor cable. Although the shape of the arm portions
14,16 are shown as being pentagonal it should be appreciated that 15 other
shapes may also be used and that arm portions 14 and 16 need not have the
same shape. The bendable member is shown as being elongate, its
longitudinal axis being orthogonal to its bending axis or line 12. 20  The
arm portion 14 is provided with a plurality of projections 18 that extend
outwardly from and trans- versely across surface 20 of the arm portion 14.
Each projection 18 has a pair of teeth 22 extending longitudinally along
opposite sidewall surfaces 24, 25  26 of each projection 18.  The teeth 22
on each. of the projections are formed to extend substantially parallel to
each other and to have relatively sharp edges 28 at the extreme distal
location from the surface 20. The arm portion 16 is similarly provided 30
with a plurality of projections 30 that extend out- wardly from and
transversely across surface 32 of the arm portion 16. Each projection 30
has a pair of teeth 34 extending longitudinally along opposite sidewall
surfaces 36,38 of each projection 30. The 35 teeth 34 are formed to be
substantially parallel with each other and with the teeth 22 on first arm
portion 14. The teeth 34 are also formed to have relatively sharp edges 40
at the extreme distal loca- tion from the surface 32.    -6- 



1               In the preferred embodiment, the projections 18, 30 on each
of the respective arm portions 14, 16 extend along surfaces 20, 32
substantially orthogonal to the bending line 12. The projections 18, 30 are
5    further formed on the respective surfaces 20, 32 such that the teeth
22, 34 are transversely offset a distance *       from each other as will
be described more fully with respect to Figure 4. The first arm portion 14
is preferably pro- 10    vided with a bendable tab 42 which extends away
from the surface 20 as shown in Figure 1.  In the embodiment shown, the tab
42 has been punched or stamped out from the first arm portion 14.  The
second arm portion 16 is provided with an opening 44 therethrough which is
15    arranged with respect to the bending line 12 so as to be adapted to
receive the tab 42 when the bendable member 10 is bent along the bending
line 12 to move the first and second arm portions towards one another. On
the opposite surface of the arm portion 16, there is 20    provided a hood
46 (Figure 3) for bending the tab 42 when the tab 42 enters and passes
through the opening 44. The tab 42, opening 44 and hood 46 serve as a
locking means for holding the arm portions 14 and 16 in a fixed position
after the bendable member is bent to 25    its desired position as will be
described.  Such a locking device is more fully described in U.K. Patent
Application, Serial No. 2053585. To facilitate accurate bending 30    of
the first and second arm portions 14, 16 about the bending line 12, cutouts
48 are provided to reduce the. cross-sectional area along the line 12.
Although the tab 42 as described is preferred to hold the arm portions 14,
16 in a fixed position, it should be understood that 35    other suitable
locking devices may also be used. The electrical connector 10 



is particularly useful in interconnecting the    -7- 1    electrical
conductors of two overlapping flat conductor cables 50 and 52, as shown in
Figure 2, flat cables 50 and 52 being of the conventional type having a
plurality of conductors enclosed by electrical insulation there- 5
about.  As illustrated, a plurality of slots 54 and apertures 56 are
perforated through the cables 50 and 52 at the desired locations for
interconnection. The connector 10 as described hereinabove is inserted
through the aligned slots 54 with the locking tab 42 protruding 10
through aligned apertures 56. As depicted in Figure 3, the connector 10 is
bent about its bending line to position the first arm portion 14 adjacent
conductor cable 50 and to position second arm portion 16 adjacent the other
conductor cable 15    52.  As shown in Figure 3 and in more detail in
Figure 4, the teeth 22, 34 on the respective arm portions 14, 16 are just
contacting the outer surface of each of the cables 50, 52, the connector 10
being not fully clamped to its final position.  In this position, the
projec- 20    tions 18, 30 have been positioned to oppositely face each
other, the surfaces 20 and 32 of the respective arm portions 14, 16 being
substantially parallel and oppositely spaced from each other. In Figure 4,
the cable 50 is shown as including 25    a layer 58 of electrical
insulation surrounding an electrical conductor 60 and the cable 52 as
including a layer 62 of electrical insulation around an electrical
conductor 64. Also shown is the preferred teeth config- uration of the
respective projections 18 and 30.  In 30    the embodiment shown, the
opposite sidewall surfaces 24, 



26, and 36, 38 of projection 18 and 30 are substantially planar, each
surface forming one of the sides of the teeth 22, 34, respectively. The
other side of each of the teeth 22 is formed by a curved surface 66 and 68
35    respectively that converges with sidewalls 24 and 26 to form the
sharp edge 28 along the teeth 22. Similarly, the other side of each of the
teeth 34 is formed by a    -8- curved surface 70 and 72 that converges with
sidewalls 36 and 38 respectively to form the sharp edges 40 along the teeth
34. Although the tooth configuration illus- trated in Figure 4 is
preferred, it should be understood 5    that other tooth configurations for
the projections are useful in the contemplated scope of the invention. Such
other configurations are shown and described, for example, in Figures 8 and
9 of U.S. Haitmanek Patent No. 3,812,448 issued on May 21, 1974. 10
Referring again to Figure 4, the transverse offset of the projections 18,
30 on the arm portions 14, 16, now in oppositely facing relation, can be
seen. In the position shown, one of the teeth edges 28 on each projection
18 lies facingly between the teeth edges 40 15    of an opposing associated
projection 30.  As shown in Figure 4, the transverse offset is
characterized by a distance, sl, between the opposing teeth edges 28 and
40. In the preferred embodiment, the projections 18, 30 are formed such
that the spacing, s2, between surfaces 24 20    and 26 is approximately
equal to the spacing, s3' between surfaces 36 and 38.  Also, the spacing,
s4, between the projections 18 is preferably equal to the spacing, S5,
between the projections 30. Further it is preferred as will be described,
that the tooth edge 28 lying be- 



25    tween the teeth edges 40 be more proximate one tooth edge 40, the
spacing, sl, being on the order of the width of one tooth.22. Referring now
to Figure 5, the first and second arm portions 14, 16 as positioned in
Figure 4 are further 30    clamped or crimped by suitable means (not shown)
to a final closed position to establish contact with.conduc- tors 60 and
64. In the preferred form of the inter- connection between.the two flat
conductor cables 50. and. 52, it is contemplated that teeth 22 and teeth 34
will 35    pierce the respective insulation layers 58 and 62 and the
respective electrical conductors 60 and 64. The    -9- 1    transverse
offset of the projections is provided to permit the sharp edges 28, 40 of
opposing teeth 22, 34 to pass through a common plane, intermediate the two
facing arm portions 14, 16, the common plane being desig- 5    nated by
numeral 74 in Figure 5.  By forming the projec- tions to have a spacing,
sl, at least as wide as the tooth width with equally spaced teeth and
projections, teeth 22 and 34 can possibly seat on the opposite surfaces 32
and 20, thereby permitting a minimum thickness of the 10    connector 10.
In the embodiment shown and described, it is preferred that the teeth 22,
34 be formed such that a planar tooth surface such as surface 26 of the
tooth 22 positioned between the teeth 34 be more proximate a curved tooth
surface such as surface 72 of one of the 15    teeth 34.  This tooth
arrangement is desirable to minimize scissor-type cutting action that could
occur should opposed planar surfaces such as 24 and 36 be relatively close
together, in particular where the con- nector 10 is clamped to have the
teeth edges 28, 40 pass 



20    through the common plane 74. In the embodiment illustrated in Figure
5, it can be seen that in the final clamped position one of the teeth on
the projection 18 for example, tooth 22a, pierces the insulation 58 and the
conductor 60 of the 25    first cable 50 and pierces the insulation 62 and
contacts the conductor 64 of the second cable 52.  The other tooth 22b on
projection 18 pierces the insulation 58 and contacts the conductor 60 that
is severed, as will be described.  On the opposing associated projection
30, 30    one of the teeth, for example, tooth 34b that is more proximate
facing tooth 22b, pierces the insulation 62 and conductor 64 of the second
cable 52 and pierces the insulation 58 and contacts the conductor 60 of the
first cable 50.  The other tooth 34a on projection 30 pierces 35    the
insulation 62 and contacts the conductor 64.    - 10 - 1              While
at every tooth edge a conductor is severed, it is believed that such
severance is not due at each tooth to pure shear. For example, it is
believed that with respect to conductor 60, that tooth 22b during 5
crimping will extrude the conductor 60 to some degree causing the conductor
to curve and that the interaction of opposing tooth 34b will then cause a
rupture of the conductor 60 due to a combination of shear and tensil
forces. At this interface between teeth 22b and 34b it 10    is also
believed that a portion 60a of the ruptured con- ductor is wedged thereby
establishing good mechanical contact between opposing teeth and to
conductor 60. Similarly, it is believed that a portion 64a is wedged
between the interface of teeth 22a and 34a for good 15    contact with
conductor 64.  It is also believed that 



between projections 18 a portion 60b of the perforated conductor 60 is
wedged between planar surfaces 24 and 26. Also, a portion 64b of the
perforated conductor 64 is belived to be wedged between the planar surfaces
36 20    and 38 of the spaced projections 30.  Such wedged por- tions 60b
and 64b establish further contact between con- ductors 60 and 64 through
the bent arm portions 14 and 16 of metallic connector 10. Although the
preferred embodiment of the 25    connector 10 has been described herein as
including a bendable member having a plurality of projections 18 and 30
formed on first and second arm portions 14 substan- tially orthogonal to
the bending line 12, it should be appreciated that other connector
configurations can also 30    be utilized.  For example, in Figure 6, the
connector may comprise an elongate plate member 76 that is bendable about a
bending axis 78 that is orthogonal to the longi- tudinal axis of the plate
member 76. The bending axis 78 divides the member 76 into first and second
sectors 80, 35    82 that are adapted to be bendably positioned adjacent
first and second flat conductor cables, respectively. A plurality of
projections 18, each having a pair of    -  11 - 1    teeth 22, are formed
on first sector 80 and a plurality of projections 30, each having a [air of
teeth 34, are formed on second sector 82.  The projections 18, 30 on the
respective sectors 80, 82 are offset with respect to 5    each other
longitudinally along the plate member to pro- vide the desirable conductor
connection as described hereinabove.  It should be noted with respect to
this configuration that due to the nonuniform thickness of the plate member
in the bending plane, proper bending of 



10    the connector may be provided by suitable bending tools. Also, a
locking tab 84 and closing means 86 including an opening and tab bending
hood (not shown) may also be provided. Although the preferred embodiment of
the 15    connector 10 has been described herein for making an electrical
interconnection between conductors of two overlapping flat conductor cables
wherein the electrical insulation and the conductors are preferably pierced
by the teeth of the offset Projections, it should be apprec- 20    iated
that the use is not so limited.  Such a connector may also be utilized
within the scope of the invention to make an interconnection wherein the
teeth penetrate but do not pierce the conductor. The present connector may
further be utilized as a termination making elec- 25    trical contact with
a single conductor.  Furthermore, the connections or interconnections made
by the connector may be made to conductors with or without electrical
insulation. Thus, it should now be appreciated that an 30    electrical
connector                           may be provided in two configurations
wherein a projection having a pair of teeth extending outwardly from each
surface of two arm portions of the bendable elongate member may be either
orthogonal with or parallel to the 35    bending axis.  In both
arrangements all the teeth are substantially parallel.  On the former
construction, the projection on one arm portion has a lateral extent in
-12- 1    the bendable member that is longitudinally aligned with a lateral
extent of the projection on the other arm portion so that the succession of
teeth laterally across 



the bendable member is one tooth on the first projection, 5    then one
tooth on the second projection followed by the other tooth on the first
projection and then the other tooth on the second projection. In the latter
construc- tion, each of the projections has a longitudinal extent spaced
differently from and substantially parallel to 10    the bending line so
that the succession of teeth in increasing distance from the bending line
longitudinally along the bendable member is one tooth on the first pro-
jection, then one tooth on the second projection, fol- lowed by the other
tooth on the first projection and 15    then the other tooth on the second
projection. Various changes to the foregoing, specifically disclosed
embodiments and practices will be evident to those skilled in the art.
Accordingly, the foregoing preferred embodiments are intended in an
illustrative 20    and not in a limiting sense.  The true spirit and scope
of the invention is set forth in the following claims.    CLAIMS 1.  An
electrical connector comprising: a bendable member for bending along a
bending line, 5   said member including a first arm.portion and a second
arm portion separated from one another by said bending line, said arm
portions adapted upon bending to be positioned in spaced facing relation
relative to each other; 10 a projection extending outwardly from and along
the surface of each arm portion, each projection having a pair of teeth
extending along opposite sidewall surfaces of said projections, each- tooth
having a sharp long edge at the extreme distal location from 15 the surface
of each arm portion, said edge being adapted 



to pierce insulation and/or one or more conductors, the teeth on the
projection of respective arm portions being substantially parallel, said
projections being aligned on said arm portions in offset disposition 20
relative to each other such that upon bending said member about the bending
line a tooth edge of one projection lies facingly between the teeth edges
of the other projection. 25 2. An electrical connector according to claim
1, wherein the teeth edges of facing projections are arranged to pass
through a common plane intermediate the arm portions of said member in its
bent position. 30  3.  An electrical connector according to claim 1, where
the projections are arranged such that said tooth edge of said one
projection lying facingly between the teeth edges of the other projection
lies more proximate one of the tooth edges of said other 35 projection.
- 13a - 4. An electrical connector according to claim 1, wherein a
plurality of projections are provided on a surface of each of said arm
portions, the projections on said arm portions being substantially parallel
5   to each other, said projections being disposed on said arm portions
such that upon bending said member to position .said projections    in
facing relation, the associated opposite projections are in offset relation
with each other whereby a tooth edge of each of the projections on one arm
portion lies 



10    facingly between the teeth edges of an associated projec- 11    tion
on the other arm portion. 1    5.  An electrical connector according to
claim 4, wherein said bendable plate member is elongate, said bending line
being substantially orthogonal to the longitudinal 4    axis thereof. 1
6.  An electrical connector according to claim 5, wherein said projections
on said arm portions extend substantially orthogonal to said bending line
transversely across the width of said arm portions, the projections in the
facing 5    relation being offset with respect to each other trans- 6
versely of said longitudinal axis. 1    7.  An electrical connector
according to claim 5, wherein said projections on said arm portions extend
substantially parallel to said bending line along the length of said arm
portions, the projections in the facing relation being 5    longitudinally
offset with respect to each other. 1    8.  An electrical connector
according to claim 5, wherein the projections on each of said arm portions
are substan- 3    tially equally spaced apart. 1    9.  An electrical
connector according to claim 1, further including means for locking said
arm portions in their bent position whereby said projections are held in a
4    relatively fixed relationship. 10.  An electrical connector
substantially as herein described with reference to Fig.1 of the
accompanying drawings. 11. An electrical connector substantially as herein
described with reference to Fig.6 of the accompanying drawings.    


