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ELECTRICAL CONNECTOR DEVICES AND
METHODS FOR EMPLOYING SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Patent applications Ser. No. 60/756,264, filed Jan. 4, 2006,
60/785,628 filed Mar. 24, 2006, 60/792,446 filed Apr. 17,
2006, 60/799,226 filed May 10, 2006, 60/813,643 filed Jun.
14,2006, 60/836,159 filed Aug. 8,2006; and 60/865,477 filed
Nov. 13, 2006, the disclosures of which applications are
incorporated in their entirety by reference herein.

BACKGROUND OF THE INVENTION

In a coil of conductive wire, such as a solenoid, the thinly
insulated wire of the coil must be terminated at each end and
joined to a source of electric power. Usually, this is accom-
plished by connecting each end of the coil wire to a connector
which in turn connects to a larger heavily insulated power
wire. Many methods exist for making the coil wire connec-
tion. Screw clamps, crimps, wire-wrapped pins, spring-
loaded IDCs (Insulation Displacement Connectors), soldered
joints, and welded joints, are among the most common.

When the coil wire is thick and robust, all of the above
methods are satisfactory. But, when the coil wire is thin and
fragile it must be handled gently and until now, soldering has
been accepted as a practical low-cost industrial method for
coil wires less than 35AWG (American Wire Gauge). How-
ever, soldering presents various problems.

Since July of 2006, products sold and used within the
European Community have to comply with the Regulation of
Hazardous Substances (RoHS) directive, which is legislation
which aims to keep hazardous materials from being dumped
into the environment. The element lead (Pb) is among the
materials banned by this legislation.

Lead (Pb) has been used in tin/lead solder for many years
and performs a stabilizing and melting-temperature-control
function. The RoHS ban brought about a rush for compliance,
in which “lead-free” alternative solders were developed for
the electronic industry, where the use of solder is entrenched.
Much study and debate continues addressing the economics
and the reliability of the alternatives.

Those industries outside of the electronics industry have
historically not been as wedded to the use of solder. However,
where connections to coil wire below 35 AWG are sought,
there has not historically been any alternative to the use of
solder. Inthese other industries, the RoHS directive prompted
lobbying for exemptions from the environmental directives
banning the use of lead in solder.

Exemptions have been provided by the RoHS in recogni-
tion of the extreme difficulty of compliance with the new
regulations with regard to certain applications of lead (Pb).
One such exemption is where a solder must withstand a
higher temperature than the melting point of the commonly
used tin/lead solder or its lead-free alternatives. In these
cases, high melting point solders with high lead (Pb) content
are still allowed.

It is believed that the pursuit of exemptions may have been
manipulated by reclassifying applications as “high tempera-
ture applications™ to enable the lead-based solder to be used
for high-melting-point solder. Paradoxically, this process
may lead to more lead (Pb) being used than was the case prior
to the imposition of the new rules. However, it is anticipated
that the above-mentioned loopholes will be closed and sec-
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2

ondly that the exemptions will in any case have a limited time
span. It is anticipated that, eventually, lead-based solder will
be completely banned.

Moreover, the RoHS directive is not the only impediment
to using solder. Soldering is a dangerous and unpleasant task.
The possibility of nasty burns is ever present and the fumes
given off by the heated acid flux are unpleasant and unhealthy.
Additionally, the intense study of solder that RoHS promoted
exposed many failure modes, not fully recognized and under-
stood before. Among these were such serious flaws as internal
voids, age cracking, conductor corrosion, and an inconsis-
tency of application. Perhaps the most frightening aspect is
that these flaws are only discoverable by destructive exami-
nation or by x-ray. Even if the examination finds no flaws,
doubt of reliability remains because of the inconsistency of
soldering.

The cost and difficulty of pursuing exemptions from RoHS
compliance and of the use of lead-free solder may be avoided
by establishing connections with thin fragile coil wire with-
out using solder. However, the solder-free methods of the
prior art severely distorted, notched, squeezed and scraped
the coil wire in order to break through the insulation and make
a good connection. The use of this approach, which employs
relatively high forces, incurs a limit when applied to fragile
wires. This limit is defined by the point (force level) at which
breakage of the wire occurs, which breakage renders the wire
useless, and which therefore incurs considerably expense.
Accordingly, there is a need in the art for an improved system
and method for establishing conductive connections with
wire, such as coil wire, without using solder, and without
damaging the wire.

SUMMARY OF THE INVENTION

One or more embodiments of the system and method dis-
closed herein may include the wire wrapping of rectangular
sectioned pins. Desirable results may be obtained by tightly
winding the wire around the pin. Each time the wire is forced
to bend around a corner of the pin, tight, intimate contact may
be made. The use of plural wraps may establish plural corre-
sponding points of conductive electrical contact.

Ifthe corners of the pin are very sharp, such as are naturally
formed on the die side during punch and die stamping, then
such a wire wrapping method may be employed to penetrate
coil wire insulation. However, current wire wrapping meth-
ods are limited to heavy gauge wires due to the fragility of fine
wires. Wires below 36 AWG are susceptible to tension break
due to the magnitude of the forces required to bend, notch,
and penetrate the insulation together with the stress concen-
tration effect of the notching.

Some embodiments of the present invention can be used on
wire as fine as 42 AWG without breakage of the wire. In at
least one aspect, the present invention includes the gentle
skiving removal of the thin insulation of a coil wire by a sharp
edge of a connector, thereby making electrical contact. This
can be done on one wire when the wire is robust or on a
plurality ofload sharing fragile wires. Helically wrapping the
wire presents one wire as if it were a plurality of wires from
the vantage point of the connector.

In one aspect, a method of penetrating insulation includes
scraping the insulation longitudinally along the wire. This
scraping action may also scrape the conductor material of the
wire to produce a good clean contact area. The foregoing step
may be performed on only one side of the wire to avoid
excessively reducing the wire diameter. Furthermore, this
insulation removal and contact action may be applied to sev-
eral locations along the wire, thereby creating many parallel
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electric paths. This action is conducive to adequate conduc-
tivity while spreading the scraping force loading over many
points.

Another embodiment of the present invention may include
a method of preparing the ends of the coil wires by wrapping
the wires around structures incorporated within a bobbin
molding. These structures support the wraps while providing
access to the internal region of the wraps, or “wire loops”.
Appendages on the subsequently introduced connectors then
impinge, skive, and thereby make electrical contact with the
coil wire conductor material. Various connector designs
employing differing methods of deflecting the wire may be
practiced.

In one or more embodiments, molded portions of the bob-
bin may be strategically located to anchor the wires. These
anchoring structures allow the space available to receive wire
loops to be filled before the connectors are assembled.
Assembling the connector to the bobbin may include insert-
ing a contact pin extending from the connector through a
hollow in the bobbin that is configured to receive the contact
pin. Insertion of the contact pin in this manner causes one or
more edges of the contact pin to extend through the insulation
material and thereby form conductive electrical contact with
conductive wire in one or more of the wire loops that are
wrapped around the bobbin.

One or more embodiments of the present invention may
include converting the above-described temporary anchoring
structures into permanent supports for the wire wraps that
will be contacted by the later introduction of a connector.

There are at least two major avenues through which the
systems and methods disclosed herein may be beneficially
applied. These are defined by the order of assembly. In one
avenue, the connector may be assembled into the coil bobbin
after the coil is wound. In another, the connector may be
assembled into the coil bobbin before the coil is wound. When
the connector is assembled after winding the coil, the wire
may be prepared for introduction of the connector by wrap-
ping conductive wire around bobbin structures in preparation
for introduction of the connector. When the connector is
assembled before the coil is wound, the connector provides
the structure around which the wire ends may be wrapped.

When the connector is assembled prior to coil winding, in
one embodiment, an appendage of the starting connector is
presented at an advantageous location so that the natural
positioning of the wire guide of the coil winding machine can
easily wrap the appendage with coil wire to anchor the coil
wire at the start of the coil. Then, at the end of the coil
winding, the coil wire is anchored and wrapped around a
similar appendage of the finishing connector. This is pres-
ently done to present anchored wire ends for the prior art of
soldering the wire to the connector.

In a further embodiment, the invention may include novel
designs for specially shaped connector appendages. In some
embodiments, the wire wraps on the appendages may be
moved along the appendage to skive, scrape and make elec-
trical contact between the wire and the connector, while not
unduly stressing the wire. During such a wire moving (which
may include pushing and/or pulling of one or more wire
loops), the shape of the connector appendage may influence
the changes in wire tension imparted to the various wire loops
by the wire moving operation. For example, where the cross-
sectional perimeter of the appendage increases in the direc-
tion in which the wire is moved, tension in the moved wire
loops may increase with increasing travel of the wires. After
the wire loops have been placed in a final desired location, the
appendage and wire loops may then be protected, sealed,
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and/or locked in place by placing shrink wrap material about
the appendage and wire loops.

Other aspects, features, advantages, etc. will become
apparent to one skilled in the art when the description of the
preferred embodiments of the invention herein is taken in
conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

For the purposes of illustrating the various aspects of the
invention, there are shown in the drawings forms that are
presently preferred, it being understood, however, that the
invention is not limited to the precise arrangements and
instrumentalities shown.

FIG. 1. is a perspective view of a connector and a post (or
“bobbin”) in accordance with one or more embodiments of
the present invention;

FIG. 2 is a close up perspective view of the connector of
FIG. 1 after insertion of the connector pin into the bobbin, in
accordance with one or more embodiments of the present
invention;

FIG. 3 is a close up perspective view of a magnet wire in
which cuts from the connector pin penetrate the insulation
skin of the magnet wire, in accordance with one or more
embodiments of the present invention;

FIG. 4A is aclose up perspective view of a connector lance
with two taper angles, in accordance with one or more
embodiments of the present invention;

FIG. 4B is a close up perspective view of a connector lance
with serrated edges, in accordance with one or more embodi-
ments of the present invention;

FIG. 5A is a close up perspective drawing of the skiving of
a magnet wire, in accordance with one or more embodiments
of the present invention;

FIG. 5B is a perspective view of the skiving action in
accordance with one or more embodiments of the present
invention;

FIG. 5C is a close up perspective view of the skiving of
insulation coating a wire in accordance with one or more
embodiments of the present invention;

FIG. 6 is a sectional drawing showing the deflection of the
connector lance and wire contact in accordance with one or
more embodiments of the present invention;

FIG. 7 is a perspective view of an embodiment of a con-
nector as deflected when assembled in accordance with one or
more embodiments of the present invention;

FIG. 8 is a sectional view of an embodiment of a lance
interaction with a post in accordance with one or more
embodiments of the present invention;

FIG. 9 is a front plan view of an electrical connector in
accordance with one or more embodiments of the present
invention;

FIG. 10 is a perspective view of an electrical connector in
accordance with one or more embodiments of the present
invention;

FIG. 11 is a perspective view of an electrical connector in
accordance with one or more embodiments of the present
invention;

FIG. 12 is a perspective view of an electrical connector in
accordance with one or more embodiments of the present
invention;

FIG. 13 is a perspective view of an electrical connector in
accordance with one or more embodiments of the present
invention;

FIG. 14 is a front plan view of an electrical connector in
accordance with an embodiment of the present invention;
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FIG. 15 is a perspective view of a part of a connector in
accordance with one or more embodiments of the present
invention;

FIG. 16 is a perspective view of part of a bobbin and a
winding anchoring in accordance with one or more embodi-
ments of the present invention;

FIG. 17 is a perspective view of a connector adjacent to a
bobbin in accordance with one or more embodiments of the
present invention;

FIG. 18 is a sectioned perspective view of a connector
assembled within a bobbin in accordance with one or more
embodiments of the present invention;

FIG. 19 is a perspective view of a finished connector to
bobbin assembly in accordance with one or more embodi-
ments of the present invention;

FIG. 20 is a perspective view of wire wrapping on a con-
nector appendage in accordance with one or more embodi-
ments of the present invention;

FIG. 21 is a perspective drawing of a connector appendage
showing wire movement with respect to the appendage in
accordance with one or more embodiments of the present
invention;

FIG. 22 is a perspective drawing of a connector appendage
in accordance with one or more alternative embodiments of
the present invention;

FIG. 23 is a perspective drawing of a connector appendage
having varying cross-sectional geometry, in accordance with
one or more alternative embodiments of the present inven-
tion;

FIG. 24 is a perspective drawing of a connector appendage
having varying cross-sectional geometry, in accordance with
one or more alternative embodiments of the present inven-
tion;

FIG. 25 is a perspective drawing of a connector appendage
with wire wraps about the perimeter thereof, in accordance
with one or more embodiments of the present invention;

FIG. 26 is a perspective drawing of a connector appendage
with wire wraps about the perimeter thereof, in accordance
with one or more embodiments of the invention;

FIG. 27 is a perspective drawing of the appendage with
wire loops wrapped about it in proximity to a wrap pusher, in
accordance with one or more embodiments of the present
invention;

FIG. 28 is a perspective drawing of wrapped wire loops
wraps being moved along the appendage in accordance with
one or more embodiments of the present invention;

FIG. 29 is a perspective drawing of a shrink sleeve being
positioned near the conductor appendage in accordance with
one or more embodiments of the present invention;

FIG. 30 is a perspective drawing of a shrink sleeve posi-
tioned around an appendage in accordance with one or more
embodiments of the present invention;

FIG. 31 is a perspective drawing of a shrink sleeve being
sealed into position about the perimeter of an appendage
having wire loops wrapped thereabout in accordance with
one or more embodiments of the present invention;

FIG. 32 is a perspective drawing of the shrink sleeve of
FIG. 31 after being sealed into position about the perimeter of
the appendage of FIG. 31, in accordance with one or more
embodiments of the present invention; and
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FIG. 33 is a perspective view of a complete bobbin in
accordance with one or more embodiments of the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An embodiment of the present invention provides an elec-
trical connector that will adequately and consistently displace
the insulation surrounding the magnet wire to make an effec-
tive, gas tight electrical connection between the conducting
material of the wire and the material of the electrical connec-
tor. One or more embodiments provide a connector that may
establish an effective, gas tight electrical connection over a
large range of magnet wire sizes.

In the following description, for purposes of explanation,
specific numbers, materials and configurations are set forth in
order to provide a thorough understanding of one or more
embodiments of the invention. It will be apparent, however, to
one having ordinary skill in the art, that the invention may be
practiced without these specific details. In some instances,
well-known features may be omitted or simplified so as not to
obscure the present invention. Furthermore, reference in the
specification to “one embodiment” or “an embodiment”
means that a particular feature, structure or characteristic
described in connection with the embodiment is included in at
least one embodiment of the invention. The appearances of
the phrase “in an embodiment™ in various places in the speci-
fication are not necessarily all referring to the same embodi-
ment.

Now referring to FIGS. 1, 2 and 3 a connector 100 and a
post (or “bobbin™) 200 are shown in accordance with an
embodiment of the present invention. Now referring to FIG.
2, the connector 100 of FI1G. 1 is depicted after insertion of the
connector pin 110 into the bobbin 200, in accordance with an
embodiment of the present invention.

Connector 100 may include connector pin 110 which may
be stamped so as to include edges 112 thereon. Bobbin 200
may include anchor posts 210 and a groove 230 configured to
receive connector pin 110. Wire 220 may be wrapped about
bobbin post 210 to form a plurality of loops 224. Wire 220
may be coated with insulation 228. Bobbin 200 and bobbin
post 210, may be made of plastic. However, materials may be
employed for bobbin 200 and bobbin post 210 such as but not
limited to metal (which may be insulated), ceramic, or other
suitable materials known to those having ordinary skill in the
art.

One or more embodiments of the present invention may
provide electrical connector 100 for connecting two or more
wires 220 together. Connector 100 may be quickly and effi-
ciently produced with a stamping method using a progressive
blanking die. This manufacturing method may be character-
ized by the occurrence, in the blanked part, of natural rounded
edges on the punch entrance side of the part and sharp edges
on the opposite (die) side. It is these sharp edges 112 that may
beused to enable contact pin 110 to cut into the insulation 228
and thereby establish conductive electrical contact with the
conducting material of the coil wire.

Now referring to FIG. 3, wire 220 is shown, which may be
coil wire, in which cuts from the connector pin 110 may
penetrate the insulation skin 228 of the coil wire 220.

Wire 220 may be wound around bobbin 200 before or after
the insertion of contact pin 110 into groove (or “hollow” or
“hollow portion™) 230 of bobbin post 210. Attention is
directed below to an embodiment in which wire 220 is
wrapped about bobbin post 210 prior to the introduction of
contact pin 110 into the groove 230. One wire 220 may be






