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(54) CONNECTORS AND RELATED METHODS

(57) A connector assembly having a pin and a hous-
ing. The pin having an insulator layer or material sepa-
rating two adjacent electrical contacts. The electrical con-
tacts can each include a contact band and a tab extending
from the contact band. An electrical contact can be es-

tablished with a spring contact and the contact band can
at least partially surrounds the insulator around the
lengthwise axis of the pin. Two electrical contacts can be
positioned in an axial or longitudinal offset configuration.
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Description

FIELD OF ART

[0001] The present invention generally relates to con-
nectors and more particularly to electrical connectors ca-
pable of high density electrical connections and applica-
tions and methods thereof.

BACKGROUND

[0002] Conventional spring contact and housing con-
nectors may typically transfer a single signal from one
source to another. This limitation is generally due to the
size and/or material of the connector. Multiple signals are
limited to the width of said connector, material of said
connector, or may require multiple separate connectors.
Increasing the number of connectors would require an
increase in the overall cost of the final product. The pin
of said connectors may typically be formed through the
machining of a singular conductive material.

SUMMARY

[0003] The present invention allows multiple sources
to pass through generally similar sized components by
offsetting longitudinally multiple electrical contacts in an
orientation so that they are not interfering with one an-
other while maintaining the width of the connector as-
sembly to be approximately the same as a single prior
art connector assembly.
[0004] Each electrical contact can comprise a tab
which may carry a different signal than a tab of another
electrical contact all while being housed on a singular pin
or same pin body. The pin can comprise an insulation
material separating said electrical contacts.
[0005] The pin itself may be formed from an insulator
material, such as a dielectric material or a non-conductive
material, and part of the pin can be situated to isolate the
two electrical contacts form one another. The end result
can be a single pin with the capability of carrying multiple
signals across multiple contacts while maintaining a typ-
ical width.
[0006] Aspects of the invention introduced herein can
comprise a connecter with similar electrical contacts
comprising a tab in an offset position. Regardless of dif-
ferent geometries of the contact band of the connector,
where electrical contact comprises a tab, the present dis-
closure introduces an offset position for two adjacent
tabs.
[0007] Each electrical contact can comprise a tab
which may carry a different signal all while being housed
on or in a singular pin or single pin body. The pin can
primarily be comprised of insulation material separating
said electrical contacts. The end result can be a single
pin with the capability of carrying multiple signals while
maintaining a typical width.
[0008] Aspects of the present disclosure include a con-

nector assembly comprising a pin and a housing. The
pin can comprise an insulator material and an electrical
contact and the housing can comprise an exterior surface
and an interior surface defining a bore. The connector
assembly can further comprise a spring contact; a direc-
tion of insertion of said pin into said bore of said housing;
wherein the pin comprises an axis in the direction of in-
sertion; wherein the electrical contact comprises a con-
tact band where contact is to be established with the
spring contact, said contact band at least partially sur-
rounds the insulator material around the axis of the pin;
wherein said electrical contact comprises a tab extending
from the contact band and along at least a length of the
pin; and wherein the spring contact establishes an elec-
trical path between the pin and the housing when the pin
is inserted into the bore of the housing.
[0009] The electrical contact can be a first electrical
contact and the spring contact can be a first spring con-
tact and the assembly can further comprise a second
electrical contact and a second spring contact.
[0010] The pin can comprise two spaced apart pin
grooves including a first pin groove and a second pin
groove and wherein the first electrical contact can be
located in the first pin groove and the second electrical
contact can be located in the second pin groove. The two
pin grooves can be separated from one another by an
intermediate section, which can be a wall structure uni-
tarily formed with the tip section of the pin.
[0011] The spring contact can be retained with a hous-
ing groove of the housing prior to insertion of the pin into
the bore of the housing.
[0012] The contact can be retained with a groove of
the pin prior to insertion of the pin into the bore of the
housing.
[0013] The tab of the electrical contact can be connect-
ed to a source.
[0014] The tab of the electrical contact can be connect-
ed to a receiver.
[0015] The contact band of the first electrical contact
and a contact band of a second electrical contact can be
arranged in an axially offset configuration.
[0016] The electrical contact can be stamped from a
metal sheet.
[0017] The stamped electrical contact can be stamped
using one or more cutting dies.
[0018] The electrical contact can be formed by metal
injection molding or is can be molded by metal injection.
[0019] The pin can be molded from a plastic material.
[0020] The pin can be molded or formed from a rubber
material.
[0021] The electrical contact can comprise copper or
a copper alloy.
[0022] The contact band of the electrical contact can
be non-continuous and have a gap. The contact band
with the gap can snap onto an insulator surface of a pin.
[0023] The pin can comprise two or more grooves to
separate the electrical contacts located within the
grooves.
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[0024] The electrical contacts can embody a plurality
of similarly stamped parts with variations in groove de-
signs.
[0025] The contact band of an electrical contact can
comprise a V shape surface.
[0026] The contact band of an electrical contact can
comprise two sidewalls and a flat bottom surface fur fitting
into a square-groove of a pin groove.
[0027] The tab of the electrical contact that extends
can be flexible. The cross-sectional profile of the tab can
be arc shape or can be flat.
[0028] The spring contact can be located in a bore of
a housing and a second spring contact can be mounted
on an electrical contact if a pin prior to insertion of the
pin to the housing.
[0029] A further aspect of the present invention is a
connector assembly comprising: a pin comprising an in-
sulator material and an electrical contact; a housing com-
prising an exterior surface and an interior surface defining
a bore; a spring contact ; a direction of insertion of said
pin into said bore of said housing; wherein the pin com-
prises an axis in the direction of insertion; wherein the
electrical contact comprises a contact band where con-
tact is to be established with the spring contact, said con-
tact band at least partially surrounds the insulator mate-
rial around the axis of the pin; wherein said electrical
contact comprises a tab extending from the contact band
and along at least a length of the pin; and wherein the
spring contact establishes an electrical path between the
pin and the housing when the pin is inserted into the bore
of the housing.
[0030] A method of using the connector assembly as
described herein comprising the step of separating the
pin from the bore of the housing.
[0031] A method of making the connector assembly as
described herein, comprising the step of assembling the
contact assembly to the pin.
[0032] A connector assembly can comprise a housing
and a pin. The pin can be inserted into the bore of the
housing to connect the pin to the housing.
[0033] A still further aspect of the present disclosure
is a connector assembly comprising: a housing compris-
ing an exterior surface and an interior surface defining a
bore; a pin located in the bore of the housing, the pin
comprising a tip section and a tail section, said tip section
having a diameter that is larger than a diameter of the
tail section; a spring contact contacting a contact band
of an electrical contact, said electrical contact comprising
a tab extending from the contact band and said spring
contact and said contact band located inside the bore of
the housing; and wherein said tab extends along a length
of said tail section of said and is orthogonal to a plane
defined by the contact band.
[0034] The contact band can be located in a pin groove
of the pin. The pin can further comprise a second pin
groove comprising one sidewall or two sidewalls includ-
ing a first sidewall and a second sidewall and wherein
the first sidewall is taller than the second sidewall.

[0035] The tab can be embedded inside said tail sec-
tion.
[0036] The contact band can have a gap and two side
edges defining the gap.
[0037] The connector assembly can comprise a sec-
ond spring contact and a second contact band of a sec-
ond contact element, said second spring contact and said
second contact band can be located in the bore of the
housing.
[0038] The spring contact can be located in a pin
groove of the pin and a second spring contact can be
located in a housing groove of the housing. The housing
can further comprise a second pin groove comprising
one sidewall or two sidewalls including a first sidewall
and a second sidewall and wherein the first sidewall is
taller than the second sidewall.
[0039] The pin can latch to the housing by capturing a
spring contact between two grooves, one groove on the
housing and one groove on the pin. In an example, the
housing can comprise a housing body comprising two
open ends having end openings, including a first open
end and a second open end. In other examples, the hous-
ing body can have a single open end for receiving the
pin and a closed end.
[0040] When there are two open ends of a housing,
part of the pin can project out the opening of the second
open end. The housing can be made from a metal ma-
terial. The housing can be made from an electrically con-
ductive metal material and can be coated or plated with
one or more outer metal layers.
[0041] Means can be provided to connect the pin and
the housing. The means for connecting, such as latching,
holding, or locking, can include spring contacts and
grooves. In some examples, as discussed below, the
connector assembly can incorporate electrical contacts
and functions as an electrical contact assembly. In ex-
emplary embodiments, the housing can be made from a
dielectric material or a non-conductive material and can
incorporate electrical contacts for passing contact sig-
nals or current through the housing, similar to electrical
contacts discussed further below for use with the pins of
the present disclosure.
[0042] The pin for use in or with the connector assem-
bly can comprise a pin body, one or more electrical con-
tacts, and one or more spring contacts. The pin body can
be made from a non-conductive material or a dielectric
material and can be an insulator or can be called an in-
sulator material. High temperature resistant plastic, res-
in, polymer, or ceramic may be used to form the pin body.
Non-limiting exemplary high temperature plastics and
polymers can include Vespel®, Torlon®, PEEK (po-
letheretherketone), Ultem®, Radel®, Teflon®, Meldin®,
Rulon®, Celazole®, and Macor®.
[0043] A housing and a pin with two electrical contacts
and two spring contacts can be incorporated for a con-
nector assembly. The two electrical contacts can be iden-
tified as a first electrical contact and a second electrical
contact. The two spring contacts can be identified as a
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first spring contact and a second spring contact. In an
example, the two spring contacts can each be a canted
coil spring. In particular examples, the canted coil spring
can be a radial canted coil spring comprising a plurality
of interconnected coils that all cant in generally the same
direction and each comprising a major axis and a minor
axis.
[0044] In some examples, the coils of the canted coil
spring can each have an elliptical shape and in a spring
ring configuration. In some examples, the coils of the
canted coil spring can each have a shape other than el-
liptical, such as square, triangle, or one of the complex
coil shapes disclosed in U.S. Publication No.
2016/0076568 (the ’568 publication), the contents of
which are expressly incorporated herein by reference as
if set forth in full.
[0045] The first electrical contact can have a contact
band and a tab located above the centerline of the pin
and the second electrical contact can have a contact
band and a tab that is located below the centerline of the
pin, in a particular orientation of the pin. The terms first
and second can be used to distinguish two components
but not necessarily features or structures of the two com-
ponents unless the context indicates otherwise.
[0046] The pin can have a hollow bore extending the
length of the pin. In other examples, the hollow bore can
extend only part of the length of the pin or the pin can
have a solid core. The first and second electrical contacts
can be substantially similar or can differ. For example,
the two contact bands can be substantially the same but
the tabs have different lengths and/or different widths.
Alternatively, the contact bands can be similar and the
tabs differ.
[0047] Each tab can have a length that is at least as
long as the width of the contact band. In other examples,
the tab can have a length that is at least two times the
width of the contact band. In some examples, the contact
bands can have different shapes for mounting onto dif-
ferent shaped grooves on the pin body.
[0048] The tab can extend a length that is equal to one
width dimension of the contact band. In other examples,
the length can extend an amount equal to two or more
width dimension of the contact band.
[0049] The contact paths for electrical transmission be-
tween the housing and the electrical contacts mounted
with the pin can be with or via the spring contacts, which
can be canted coil springs each comprising a plurality of
interconnected canted coils, all canted generally along
the same direction. Alternatively, the spring contacts can
be a ribbon spring or a V-spring. The pin can have a
tapered insertion end to facilitate insertion of the pin into
the bore of the housing. In some examples, the insertion
end can embody a semi-spherical shape.
[0050] The two electrical contacts have contact bands
and tabs that are assembled to the pin in an offset con-
figuration with the two contact bands of the two electrical
contacts concentric with the lengthwise axis of the pin
and the contact band of the second electrical contact can

be located closer to the tapered end section of the pin
than the contact band of the first electrical contact. Said
differently, the pin can comprise contact bands posi-
tioned along the pin axis having different axial positions
relative to the axial lengthwise axis of the pin.
[0051] In an example, the first and second electrical
contacts utilized with the contact assembly do not touch
one another. In another example, the first and second
electrical contacts never touch one another. The electri-
cal contacts can be offset from each other, at least lon-
gitudinally or axially. In another example, the two electri-
cal contacts do not touch circularly or in the radial direc-
tion relative to the lengthwise axis of the pin.
[0052] The bore of the housing can be sized so that
the outer diameter of the pin does not touch the interior
surface of the housing. The spring contacts can be sized
so that electrical paths provided by the spring contacts
simultaneously contact the housing and the two contact
bands. In exemplary embodiments, the housing can also
be provided with a non-conducting or a dielectric layer
that separates the two areas where the two spring con-
tacts contact the interior surface of the housing defining
the bore. This arrangement can provide two distinct elec-
trical paths through the housing and through the pin.
[0053] In an example, the pin can have two electrical
contacts and the pin body can be formed by insert mold-
ing. The pin can be formed with a tip section and a tail
section. The tip section can be formed with two slots or
grooves having the two contact bands located therein
and the tail section of the pin can have the two tabs of
the two electrical contacts embedded within the wall or
boundary of the tail section.
[0054] In an example, the pin body of the pin can com-
prise two metallic bands located in two spaced apart slots
or grooves and two tabs embedded within the boundary
or wall of the tail section. The ends of the two tabs, i.e.,
tab ends, can extend from the end most part of the tail
section of the pin. In an example, the two tab ends can
couple to wires, leads, cables, or other electrical sources
for electrical communication with one or more electrical
sources connected to the housing.
[0055] The pin body can be made from a non-conduct-
ing material or a dielectric material. At least some part or
section of the pin body can be placed between the elec-
trical contacts to isolate the first and second electrical
contacts from one another. For example, parts or sec-
tions of the pin body can isolate or serve as a non-con-
ducting element or dielectric layer between the two elec-
trical contacts. This isolation between two adjacent elec-
trical contacts enables the usage of multiple signals or
conductive paths through a single connector assembly,
such as through a single housing and a single pin. A
centerline can be provided to show the direction of inser-
tion of the pin into the bore of the housing.
[0056] Electric power or data can be routed through
the connector assembly between two or more nodes. For
example, a controller can connect to the housing and two
circuit boards can connect to the two tabs extending

5 6 



EP 3 261 188 A1

5

5

10

15

20

25

30

35

40

45

50

55

along the tail section of the pin. In other example, a power
source can connect to the housing and two different
nodes, such as drivers, controllers, or motors connect to
the two tabs extending along the tail section of the pin.
Other electronic devices or sources can be connected to
the connector assembly of the present disclosure.
[0057] The housing can have an open end having an
opening. The housing can have a similar opening on the
opposite open end. The housing can be made entirely
from a conductive material and can include dielectric or
non-conductive layers or materials to isolate parts of the
housing with an insulator.
[0058] Optionally, the housing can be provided with a
same number or conductive rings as there are spring
contacts and the conductive rings can be insert molded
with a housing body made from a non-conductive or a
dielectric material.
[0059] The housing can be provided with annular
grooves formed by machining or recessing the nominal
interior surface of the bore of the housing. The two
grooves can include a first groove or first housing groove
and a second groove or second housing groove. The
housing can have an interior surface defining the bore of
the housing. The two grooves can have groove bottom
surfaces that are recessed from the interior surface of
the housing.
[0060] Where the spring contacts are pin mounted, the
spring contacts may establish electrical contacts with the
grooves inside the bore of the housing. The two housing
grooves may be in electrical communication with one an-
other or may be electrically isolated from one another
using one or more dielectric layer or non-conductive lay-
ers between them for separately contacting the two
spring contacts and two electrical contacts.
[0061] For the connector assemblies and connector
assembly components disclosed hereinafter, it is under-
stood that where a feature is shown but not expressly
described and is otherwise the same or similar to the
feature or features described elsewhere, such as above
with reference to FIGs. 1-4, the disclosed part or parts
shown in all the drawing figures but not expressly de-
scribed because of redundancy and because knowledge
is built on a foundation laid by earlier disclosures may
nonetheless be understood to be described or taught by
the same or similar features expressly set forth in the text
for the embodiments in which the feature or features are
described. Said differently, subsequent disclosures of
the present application are built upon the foundation of
earlier disclosures unless the context indicates other-
wise.
[0062] The disclosure is therefore understood to teach
a person of ordinary skill in the art the disclosed embod-
iments and the features of the disclosed embodiments
without having to repeat similar components and features
in all embodiments since a skilled artisan would not dis-
regard similar structural features having just read about
them in several preceding paragraphs nor ignore knowl-
edge gained from earlier descriptions set forth in the

same specification. As such, the same or similar features
shown in the following connector assemblies and con-
nector components incorporate the teachings of earlier
embodiments unless the context indicates otherwise.
Therefore, it is contemplated that later disclosed embod-
iments enjoy the benefit of earlier expressly described
embodiments, such as features and structures of earlier
described embodiments, unless the context indicates
otherwise.
[0063] A housing-mounted spring contact is shown for
use in a connector assembly with a pin, the pin being
without any spring contact. Said differently, rather than
mounting one or more spring contacts with a pin prior to
engaging the pin to a housing, the housing can include
housing grooves that can be sized and shaped to receive
spring contacts, which can be canted coil springs, prior
to receiving a pin within the bore of the housing.
[0064] Each housing groove can have a V-bottom and
two sidewalls. In other examples, the housing groove can
have other groove shapes, such as a V-groove without
sidewalls, a U-shape groove, a groove with two parallel
sidewalls and a bottom wall that is flat, tapered or curved,
etc. Each housing groove can have a depth that is sized
to receive more than half of a coil minor axis of each coil
of the plurality of coils of the spring contact and with part
of each coil extending out of the housing groove to be
received by a corresponding mating groove on a pin.
[0065] A centerline can be shown to indicate the direc-
tion of insertion of a connecting pin into the housing to
latch the pin to the housing, said pin can comprise a pin
body having a tip section and a tail section, at least one
electrical contact having a contact band and a tab but no
spring contact for use with a housing that has spring con-
tacts mounted therewith.
[0066] A pin with two contact springs can be provided,
such as two spaced apart canted coil springs, prior to
insertion of the pin into a housing. The pin can have spring
contacts mounted thereon or therewith and the pin can
be configured for insertion into a housing bore of a hous-
ing and wherein said housing is without any spring con-
tact. The pin can include two electrical contacts having
contact bands and tabs assembled to the pin in an offset
configuration. The two spring contacts can contact the
two contact bands on the two spring contacts. In other
examples, the housing can have a spring contact and
the pin can have a spring contact and wherein the pin
with the spring contact can connect to the housing with
the spring contact.
[0067] A pin provided herein can comprise a pin body
comprising a tip section having two spaced apart pin
grooves and an insertion end and a tail section. The tail
section can have an outer dimension, such as an outer
diameter or outer circumference, that is smaller than an
outer diameter or dimension of the pin body, away from
the two pin grooves.
[0068] The pin body may be formed from a dielectric
or non-conducting material to function as an insulator
separating two spring contacts and two electrical con-
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tacts from one another. The pin body can have two
spaced part pin grooves, which may be referred to as a
first pin groove and a second pin groove. In other exam-
ples, the pin can have more than two pin grooves. The
two pin grooves can be separated from one another by
an insulating intermediate section, which can be an inte-
gral part of the tip section of the pin or a unitarily formed
part of the tip section of the pin.
[0069] Each pin groove can have a bottom wall and
two sidewalls. The two sidewalls can be generally parallel
to one another and the bottom wall can be V-shape, V-
shape with a subtended surface between two tapered
surfaces of the V-shape, or V-shaped with a subtended
surface without any sidewall. In an example, the two
spaced apart pin grooves can have substantially the
same shape. In other examples, the two grooves have
different groove shapes, such as shown with reference
to FIGs. 14A and 14B.
[0070] Two electrical contacts can be insert molded
with the pin. Each electrical contact can comprise a con-
tact band and a tab extending from the band. The two
contact bands can be molded to the bottom walls of the
two grooves and serve as bottom surfaces of the respec-
tive grooves for contacting corresponding spring con-
tacts.
[0071] Each contact band can have a surface that re-
sembles the bottom surface of the respective pin groove.
In some examples, the contact band can have side lips
that from parts of the two sidewalls of the respective pin
groove.
[0072] Thus, aspects of the present connector assem-
bly can be understood to include a housing and a pin,
said pin comprising an electrical contact comprising a
contact band comprising an arcuate band section for en-
veloping at least part of the pin along a radial direction
and a tab extending from the contact band and down the
tail section of the pin. The arcuate band section can have
a matching contour as a bottom of a pin groove. The tab
can be integrated within the interior boundary of the tail
section of the pin and have a tab end extending externally
of the end of the tail section.
[0073] In exemplary embodiments, a second electrical
contact having a contact band spaced from the contact
band of the first electrical contact can be provided with
the pin. The second contact band can be situated in a
second pin groove and can have an arcuate band section
having a matching contour as a bottom of the second pin
groove.
[0074] Two electrical contacts having contact bands
that are offset along an axial or longitudinal direction can
be provided with a pin. The two contact bands can be
insert molded with the pin or can snap onto to grip the
pin. The two contact bands can be generally V-shape
and can be located in corresponding grooves having two
sidewalls and a center wall or bottom wall located ther-
ebetween, said bottom wall of the pin groove having a
matching groove bottom surface as the cross-sectional
contour of a corresponding contact band. The two pin

grooves with the contact bands can be sized and shaped
to receive spring contacts. The two pin grooves can have
the same size and/or shape or can be different.
[0075] A tab can extend from each contact band. The
tab of the second electrical contact can have a length
that is longer than the length of the tab of the first electrical
contact since the contact band of the second electrical
contact can be located closer to the tapered end insertion
end of the pin than the contact band of the first electrical
contact but wherein the two tab ends terminate on ap-
proximately the same plane. In other examples, the tab
ends can terminate along different axial positions.
[0076] The electrical contacts mounted with or at-
tached to the pin can be spaced from one another. The
spaced relationship of the two electrical contacts allows
the single pin to have at least two or more spring contacts
for two or more electrical contact paths, which are spaced
or isolated from one another. As shown, the two tabs can
be routed inside the boundary or wall surface of the tail
section of the pin and having two tab ends projecting out
from the end most surface of the pin.
[0077] In some examples, the tab ends of contact el-
ements can project out other parts of the pin, such as out
the side or sides of the tail section of the pin.
[0078] The contact band of the electrical contact can
comprise an arcuate band section that can have a match-
ing contour as a bottom of a pin groove in which a spring
contact can be located or positioned. The tab can be
elongated and can have a connecting portion and an ex-
tension portion.
[0079] The extension portion can have a length and a
width with an arc section, which can form an arc around
the lengthwise axis of the electrical contact. In an exam-
ple, the width of the arc section of the tab can form about
10% to about 40% of a circumference of a circle. The
length of the tab allows the tab to extend down the pin
or along at least part of the length of the pin.
[0080] The connecting portion can be angled from the
contact band towards the lengthwise axis of the electrical
contact. In an example, the contact band and the tab are
unitarily formed and can include a weld to close the loop
of the contact band and/or to connect the tab to the con-
tact ring. In other examples, the electrical contact can be
formed by a stamping process and can involve welding
to either close a seam of the contact band and/or to attach
the tab to the contact band.
[0081] The arcuate band section of the contact band
can have two tapered walls and a bottom wall located
therebetween. The arcuate band section can have a gen-
eral V-shape with a subtended surface between the two
inclined surfaces, which can be understood as being ta-
pered walls. In an example, the electrical contact can be
made in whole or in part from stamped metal parts and
cold worked to final fit. Optionally, the electrical contact
can be machined and welded when made from multiple
separate pieces to final fit. The electrical contact can op-
tionally be formed by metal injection molding or is molded
by metal injection.
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[0082] An electrical contact disclosed herein can be
configured for use with a pin described elsewhere herein
and optionally with one or more other electrical contacts
to enable the pin to have two or more electrical paths.
The contact band can be a continuous loop. In other ex-
amples, the contact band can be non-continuous, such
as having a gap and can function as a snap ring.
[0083] The contact band can have an inside diameter
and an outside diameter. The connecting portion on the
tab can angle towards the center of the contact band.
The extension portion can extend generally perpendicu-
larly to a plane defined by the contact band.
[0084] The contact band can have a surface contour
along the width of the contact band. The contact band
can have two tapered surfaces or tapered walls and a
bottom wall or bottom surface. In other examples, the
surface contour along the width can differ. For example,
the surface can have a U-shape, can have an arc shape,
and the two upper edges of the two tapered walls can
include an upwardly extending lip to form part of or the
height of each of the two sidewalls of a pin groove.
[0085] The tab of an electrical contact can have a con-
necting portion and an extension portion with a length
and a width. The length of the tab can be selected as
appropriate for use with a pin and the width of the tab
can be about 10% to about 40% of a circumference of a
circle and can have a general flat cross-sectional profile
or an arc shape.
[0086] A contact band of an electrical contact can have
a continuous loop and can have a generally square shape
configuration or ring. In other examples, the contact band
can be non-continuous and can have a different shape,
such as a generally rectangular shape.
[0087] A contact band of a contact element can have
a continuous loop and can have a generally triangular
shape. In other examples, the contact band can be non-
continuous and can have a different shape, such as gen-
erally rectangular or oval.
[0088] A contact band of a contact element can have
a non-continuous loop with a gap between two band side
edges. The band can have a generally round shape with
a gap. The contact band is not closed off so that it may
at least partially surround an insulator, such as a pin,
around a majority of the circumference thereof.
[0089] A non-continuous configuration of the contact
band of the present electrical contact embodiment ena-
bles the contact band to snap onto a pin made from a
non-conducting or a dielectric material rather than as-
sembling to the pin by insert molding, although the latter
process is still an option. The connecting portion and the
extension portion can be adjusted when using the elec-
trical contact with the gap by snap fit to a pre-formed pin
made from a non-conducting or a dielectric material.
[0090] A contact band of an electrical contact can have
a surface contour along the width of the contact band.
The width of the contact band can have a generally U-
shape with two short sidewalls and a bottom wall located
therebetween. The bottom wall can be generally flat and

the surface contour of the bottom wall can be generally
parallel to the lengthwise axis of the electrical contact. In
other examples, the surface contour along the width can
differ. For example, the surface can have a V-shape, can
have an arc shape, and the two upper edges of the two
tapered walls can include an upwardly extending lip to
form part of or the height of each of the two sidewalls of
the pin groove. In still other examples, the two sidewalls
can be omitted and the tab can extend directly from the
bottom wall. The tab can have a connecting portion and
an extension portion with a length and a width. The length
of the tab can be selected as appropriate for use with a
pin and the width of the tab can be about 10% to about
40% of a circumference of a full circle and can have a
general flat cross-sectional profile or an arc shape.
[0091] A connector assembly can comprise a pin com-
prising a pin body having a tip section and a tail section
configured for use with a housing. The pin can further
comprise two pin grooves including a first pin groove and
a second pin groove. In other examples, additional pin
grooves can be incorporated.
[0092] A contact band of an electrical contact having
a gap or a non-continuous loop can attach to the second
groove with two side edges and the gap on the contact
ring located within a pin groove of a pin.
[0093] A tab can extend from the contact band with the
gap and extends along the tail section of a pin and having
a tab end extending beyond the end of the tail section or
extending out from a surface of the tail section. The tip
section of the pin can be provided with lengthwise chan-
nels to accommodate the width of the tab running from
the area of the grooves through the remainder of the tip
section and along the tail section of the pin. Adhesive,
heat welds, detents, or combinations thereof may be
used to secure the tab to the pin.
[0094] Another electrical contact spaced from the pin
can snap onto the pin. The contact band of the electrical
contact can have a gap. The pin can comprise a non-
conducting material or materials for use as an isolator to
isolate the electrical contacts and spring contacts. A tab
can extend from the contact band with a gap and can
pass through a lengthwise channel formed through or in
the tip section of the pin with the remaining portion of the
tab extending along the exterior of the tail section. The
tail section may include a lengthwise channel so that the
tab can recess from the exterior surface of the tail section.
[0095] Thus, an aspect of the present disclosure can
include a process in which an electrical contact has a
contact band and wherein the contact band at least par-
tially surrounds the insulator around the axis of the pin.
[0096] A pin can have two locations where two electri-
cal contacts can be located. One of the two locations can
contain an installed electrical contact with a contact band
with a non-continuous loop or a gap. The contact element
can be insert molded with a pin. The pin can have multiple
pin grooves and can have contact bands with continuous
loops and/or contact bands each with a gap connected
to the pin grooves.
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[0097] A connector assembly can have two electrical
contacts installed at least partially surrounding the insu-
lator of the pin and the two contact bands in offset axial
positions with respect to the two contact bands and ra-
dially with respect to the locations of the two tabs. The
two contact bands can each comprise a gap to enable
snapping the contacts bands into the two spaced apart
grooves.
[0098] A pin provided herein can comprise multiple pin
grooves for accommodating multiple contact bands of
multiple electrical contacts. The pin can comprise four
pin grooves. In other examples, the pin can have a dif-
ferent number of pin grooves, such as one, two, three or
more than four pin grooves for accommodating up to the
same number of electrical contacts. By extending the
length of the pin, such as the length of the tip section,
multiple electrical contacts can be accommodated for use
with multiple spring contacts having multiple independent
electrical contact paths on a single pin body.
[0099] A pin provided herein can comprise two pin
grooves with variations in groove designs and shapes.
For example, the first pin groove can have a flat bottom
surface while the second pin groove can have be V-shape
with a subtended surface. In other examples, the first pin
groove can have a V-shape with a subtended surface
while the second pin groove can have a generally flat
bottom surface, such as being generally U-shape. The
different shaped grooves can accommodate electrical
contacts with different contact band shapes. By varying
the groove designs, the connectors described herein are
not just limited to a singular design or single shape. The
different shaped grooves can be selected to house the
spring contacts differently.
[0100] A housing in accordance with aspects of the
present disclosure can include a housing body with an
exterior surface and an interior surface defining a bore.
Two housing grooves can be incorporated in the bore of
the housing, which can include a first housing groove and
a second housing groove.
[0101] The two housing grooves can have variations
in groove design. The two grooves can have different
groove shapes, such as different groove wall surfaces
with different angles and/or geometries. The first groove
of the two grooves can have two sidewalls and a bottom
wall located therebetween. The two sidewalls can be
generally parallel to one another or one of the two side-
walls can form an obtuse angle with the bottom wall as
shown. The second groove of the two grooves can have
a V-shape. In other examples, the shapes of the first
housing groove and the second housing groove can
switch or can have other or different shapes.
[0102] A connector assembly can have a housing and
a pin and wherein both the housing and the pin can each
comprise a spring contact.
[0103] When assembling the pin with a spring contact
to a housing with a spring contact, the connector assem-
bly can have two spring contacts for two independent
electrical contact paths. The housing can have a first

housing groove and a second housing groove. One of
the spring contacts can be located in the second housing
groove. The pin can have a first pin groove and a second
pin groove. The second spring contact can be located in
the first pin groove of the pin. The two spring contacts
can be oriented in a manner such that they do not interfere
with one another during insertion of the pin into and/or
removal of the pin from the bore of the housing.
[0104] In a connector assembly in which the housing
and the pin both have a spring contact, the opening to
the first open end of the housing and the first pin groove
of the pin can be modified to accept the pin into the bore
of the housing and to engage the spring contact located
in the first pin groove with the modified first housing
groove of the housing.
[0105] The second pin groove of the connector assem-
bly comprising a contact with both a housing and a pin
can be modified to pass through the first housing groove
during insertion of the pin into the opening of the first
open end of the housing to engage the spring contact
located in the second housing groove. The first housing
groove can have one sidewall and a bottom wall. The
side opposite the one sidewall of the first housing groove
can either be eliminated or substantially reduced in height
compared to the one sidewall. Similarly, the second pin
groove can have one sidewall and a bottom wall. The
side opposite the one sidewall of the second pin groove
can either be eliminated or substantially reduced in height
compared to the one sidewall.
[0106] In an example, an electrical contact comprising
a contact band is located in the pin groove of the pin in
the contactor assembly in which both the pin and the
housing comprises a spring contact. A tab can extend
from the contact band and can extend along a length of
the pin. In an example, the tab can be located along an
exterior of the pin and optionally recessed to the pin via
a channel formed with the pin. The spring contract can
be in contact with the contact band of the electrical con-
tact.
[0107] Methods of making and of using contact assem-
blies and components thereof as described herein are
within the scope of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0108] These and other features and advantages of
the present devices, systems, and methods will become
appreciated as the same becomes better understood
with reference to the specification, claims and appended
drawings wherein:

Figure ("FIG.") 1 shows an assembly drawing of a
connector.
Figure 2 shows a cross-sectional view of the con-
nector of Figure 1 with a direction of insertion of said
pin into said housing along a centerline of the hous-
ing.
Figure 3 shows an isometric view of the housing of
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the connector of Figure 1.
Figure 4 shows a cross-sectional view of the housing
of Figure 3 with a centerline passing through the
housing bore.
Figure 5 shows a housing assembly comprising two
spaced apart spring contacts sized and shaped to
receive a pin along a direction of insertion of the cen-
terline of the housing bore.
Figure 6 shows a pin comprising an insulator sepa-
rating two adjacent spring contacts and with two tabs
that extend from two contact bands and each ex-
tending down the pin body.
Figure 7 shows a pin comprising an insulator and
two electrical contacts each with a tab that extends
from a contact band of the electrical contact and
down the pin.
Figure 8 shows a cross-sectional view of the pin of
FIG. 7 comprising an insulator and two electrical con-
tacts each with a tab that extends from a contact
band and down the pin.
Figures 9A-B shows a first side view and a second
side view rotated about the axis from the first side
view of an electrical contact comprising a tab extend-
ing from a contact band.
Figures 10A-10B show a front end view and a per-
spective view of an electrical contact comprising a
contact band and a tab extending from the contact
band.
Figures 10C-10D show a front end view and a per-
spective view of an alternative electrical contact
comprising a contact band and a tab extending from
the contact band.
Figures 10E-10F show a front end view and a per-
spective view of an alternative electrical contact
comprising a contact band and a tab extending from
the contact band.
Figures 10G-10H show a front end view and a per-
spective view of an alternative electrical contact
comprising a contact band and a tab extending from
the contact band.
Figures 10I-10J show a front end view and a per-
spective view of an alternative electrical contact
comprising a contact band and a tab extending from
the contact band.
Figure 11 shows an electrical contact with a tab con-
figured to partially surround the pin and along a
lengthwise axis of the pin with an arrow indicating
the direction of a snap on process in which the pin
can hold the electrical contact to be snapped on and
the electrical contact in the other of the two slots or
grooves.
Figure 12 shows a pin in which two electrical con-
tacts, one with each of the two slots or grooves of
the pin, are snapped on and offset with each other.
Figures 13A and 13B, in perspective and side depic-
tions, show a pin comprising more than two slots or
grooves to receive more than two electrical contacts.
Figures 14A and 14B, in perspective and side depic-

tions, show a pin for receiving two contact bands of
two electrical contacts having two different shaped
contact bands to be received in different grooves or
slots of different shapes.
Figure 15 shows a housing wherein the contact lo-
cations within the bore of the housing comprise var-
iations in groove designs or groove shapes.
Figure 16 shows a connector assembly wherein both
a housing and a pin each comprises a spring contact
with a direction of insertion along the centerline form-
ing a connector with multiple contacts when assem-
bled or connected.
Figures 17A-17D show different views of two elec-
trical contacts with contact bands and tabs arranged
in line for use with a pin having two slots or grooves.

DETAILED DESCRIPTION

[0109] The detailed description set forth below in con-
nection with the appended drawings is intended as a de-
scription of the presently preferred embodiments of con-
nectors and contact assemblies provided in accordance
with aspects of the present devices, systems, and meth-
ods and is not intended to represent the only forms in
which the present devices, systems, and methods may
be constructed or utilized. The description sets forth the
features and the steps for constructing and using the em-
bodiments of the present devices, systems, and methods
in connection with the illustrated embodiments. It is to be
understood, however, that the same or equivalent func-
tions and structures may be accomplished by different
embodiments that are also intended to be encompassed
within the spirit and scope of the present disclosure. As
denoted elsewhere herein, like element numbers are in-
tended to indicate like or similar elements or features.
[0110] With reference now to FIG. 1, a side view of a
connector assembly 100 comprising a housing 102 and
a pin 104 is shown. The pin 104 being inserted into the
bore of the housing 102 to connect the pin to the housing.
The pin can latch to the housing by capturing a spring
contact between two grooves. In an example, the housing
102 comprises a housing body 108 comprising two open
ends having end openings, including a first open end 110
and a second open end 112. In other examples, the hous-
ing body 108 has a single open end 110 for receiving the
pin 104 and a closed end. When there are two open ends
110, 112, part of the pin can project out the opening of
the second open end 112. The housing 102 can be made
from a metal material. The housing can be made from
an electrically conductive metal material and can be coat-
ed or plated with one or more outer metal layers. Means
can be provided to connect the pin and the housing. In
some examples, as discussed below, the connector as-
sembly can incorporate electrical contacts and functions
as an electrical contact assembly. In exemplary embod-
iments, the housing can be made from a dielectric ma-
terial or a non-conductive material and can incorporate
electrical contacts for passing contact signals or current
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through the housing, similar to electrical contacts dis-
cussed further below for use with the pins of the present
disclosure.
[0111] The pin 104 for use in or with the connector
assembly 100 can comprise a pin body 116, one or more
electrical contacts, and one or more spring contacts. The
pin body 116 can be made from a non-conductive mate-
rial or a dielectric material and can be an insulator or can
be called an insulator material. High temperature resist-
ant plastic, resin, polymer, or ceramic may be used to
form the pin body. Non-limiting exemplary high temper-
ature plastics and polymers can include Vespel®, Tor-
lon®, PEEK (poletheretherketone), Ultem®, Radel®, Te-
flon®, Meldin®, Rulon®, Celazole®, and Macor®.
[0112] The cross-sectional view of the connector as-
sembly 100 shown in figure 2 shows a housing 102 and
a pin 104 with two electrical contacts 120 and two spring
contacts 124. The two electrical contacts 120 can be
identified as a first electrical contact 126 and a second
electrical contact 128. The two spring contacts 124 can
be identified as a first spring contact 130 and a second
spring contact 132. In an example, the two spring con-
tacts 124 can each be a canted coil spring. In particular
examples, the canted coil spring can be a radial canted
coil spring comprising a plurality of interconnected coils
that all cant in generally the same direction and each
comprising a major axis and a minor axis. In some ex-
amples, the coils of the canted coil spring can each have
an elliptical shape and in a spring ring configuration. In
some examples, the coils of the canted coil spring can
each have a shape other than elliptical, such as square,
triangle, or one of the complex coil shapes disclosed in
U.S. Publication No. 2016/0076568 (the ’568 publica-
tion), the contents of which are expressly incorporated
herein by reference as if set forth in full.
[0113] The first electrical contact 126 has a contact
band 134 (as further discussed below with reference to
FIGs. 8-11) and a tab 136 located above the centerline
of the pin 104 and the second electrical contact 128 has
a contact band 134 and a tab 136 that is located below
the centerline of the pin 104, in the orientation shown.
The terms first and second are used to distinguish two
components but not necessarily features or structures of
the two components unless the context indicates other-
wise. The pin 104 is shown with a hollow bore extending
the length of the pin. In other examples, the hollow bore
can extend only part of the length of the pin or the pin
can have a solid core. The first and second electrical
contacts 126, 128 can be substantially similar or can dif-
fer. For example, the two contact bands 134 can be sub-
stantially the same but the tabs have different lengths
and/or different widths. Each tab can have a length that
is at least as long as the width of the contact band. In
other examples, the tab can have a length that is at least
two times the width of the contact band. In some exam-
ples, the contact bands 134 can have different shapes
for mounting onto different shaped grooves on the pin
body 116 than as shown.

[0114] As shown in FIG. 2, the contact paths for elec-
trical transmission between the housing 102 and the elec-
trical contacts 120 mounted with the pin 104 are with or
via the spring contacts 124, which can be canted coil
springs each comprising a plurality of interconnected
canted coils, all canted generally along the same direc-
tion. Alternatively, the spring contacts can be a ribbon
spring or a V-spring. The pin 104 in FIG. 2 is shown with
a tapered insertion end 118 to facilitate insertion of the
pin into the bore of the housing. In some examples, the
insertion end can embody a semi-spherical shape.
[0115] As shown in figure 2, the two electrical contacts
120 have contact bands 134 and tabs 136 that are as-
sembled to the pin in an offset configuration with the two
contact bands 134 of the two electrical contacts 120 con-
centric with the lengthwise axis of the pin and the contact
band 134 of the second electrical contact 128 located
closer to the tapered end section 118 of the pin 104 than
the contact band 134 of the first electrical contact 126.
Said differently, the pin 104 of FIG. 2 comprises contact
bands positioned along the pin axis having different axial
positions relative to the axial lengthwise axis of the pin.
[0116] In an example, the first and second electrical
contacts 126, 128 do not touch one another. In another
example, the first and second electrical contacts never
touch one another. The electrical contacts are offset from
each other, at least longitudinally or axially. In another
example, the two electrical contacts, such as the first and
second electrical contacts of FIG. 2, do not touch circu-
larly or in the radial direction relative to the lengthwise
axis of the pin. As shown, the bore of the housing 102 is
sized so that the outer diameter of the pin does not touch
the interior surface of the housing. Rather, the spring
contacts 124 are sized so that electrical paths are pro-
vided by the spring contacts simultaneously contacting
the housing and the two contact bands 134. In exemplary
embodiments, the housing 102 is also provided with a
non-conducting or a dielectric layer that separates the
two areas where the two spring contacts 124 contact the
interior surface of the housing defining the bore. This
arrangement can provide two distinct electrical paths
through the housing and the pin.
[0117] In an example, the pin 104 having the two elec-
trical contacts 120 and the pin body 116 are formed by
insert molding. The pin 104 can be formed with a tip sec-
tion 140 and a tail section 142. The tip section can be
formed with two slots or grooves having the two contact
bands 134 located therein and the tail section 142 of the
pin has the two tabs 136 of the two electrical contacts
120 embedded within the wall or boundary of the tail sec-
tion 142. Thus, in an example, the pin body 116 of the
pin 104 comprises two metallic bands 134 located in two
spaced apart slots or grooves and two tabs embedded
within the boundary or wall of the tail section 142. The
ends of the two tabs 136, i.e., tab ends 148, can extend
from the end most part of the tail section 142 of the pin.
In an example, the two tab ends 148 can couple to wires,
leads, cables, or other electrical sources for electrical
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communication with one or more electrical sources con-
nected to the housing.
[0118] As previously described, the pin body 116 can
be made from a non-conducting material or a dielectric
material. At least some part or section of the pin body
116 can be placed between the electrical contacts 120
to isolate the first and second electrical contacts 126, 128
from one another. For example, parts or sections of the
pin body can isolate or serve as a non-conducting ele-
ment or dielectric layer between the two electrical con-
tacts 120. This isolation between two adjacent electrical
contacts enables the usage of multiple signals or con-
ductive paths through a single connector assembly 100,
such as through a single housing and a single pin. The
centerline is provided to show the direction of insertion
of said pin into said bore of said housing.
[0119] Electric power or data can be routed through
the connector assembly 100 between two or more nodes.
For example, a controller can connect to the housing 102
and two circuit boards can connect to the two tabs 136
extending along the tail section 142 of the pin. In other
example, a power source can connect to the housing 102
and two different nodes, such as drivers, controllers, or
motors connect to the two tabs 136 extending along the
tail section 142 of the pin.
[0120] Figure 3 shows an isometric view of the housing
102 of the connector of Figures 1 and 2. The housing
102 is shown with an open end 112 having an opening
122. The housing 102 can have a similar opening 122
on the opposite open end 110. The housing 102 can be
made entirely from a conductive material and can include
dielectric or non-conductive layers or materials to isolate
parts of the housing with an insulator. Optionally, the
housing can be provided with a same number or conduc-
tive rings as there are spring contacts and the conductive
rings can be insert molded with a housing body 108 made
from a non-conductive or a dielectric material.
[0121] FIG. 4 shows a cross-sectional view of the hous-
ing 102 of FIG. 3, shown with annular grooves 152 formed
by machining or recessing the nominal interior surface
of the bore of the housing. The two grooves 152 can
include a first groove or first housing groove 156 and a
second groove or second housing groove 158. The hous-
ing 102 has an interior surface 160 defining the bore 162
of the housing. The two grooves 152 have groove bottom
surfaces that are recessed from the interior surface 160
of the housing. Where the spring contacts 124 are pin
mounted, as shown in FIG. 2, the spring contacts 124
may establish electrical contacts with the grooves 152
inside the bore 162 of the housing 102. The two housing
grooves 156 may be in electrical communication with one
another or may be electrically isolated from one another
using one or more dielectric layer or non-conductive lay-
ers between them for separately contacting the two
spring contacts 124 and two electrical contacts 120.
[0122] For the connector assemblies and connector
assembly components disclosed hereinafter, it is under-
stood that where a feature is shown but not expressly

described and is otherwise the same or similar to the
feature or features described elsewhere, such as above
with reference to FIGs. 1-4, the disclosed part or parts
shown in all the drawing figures but not expressly de-
scribed because of redundancy and because knowledge
is built on a foundation laid by earlier disclosures may
nonetheless be understood to be described or taught by
the same or similar features expressly set forth in the text
for the embodiments in which the feature or features are
described. Said differently, subsequent disclosures of
the present application are built upon the foundation of
earlier disclosures unless the context indicates other-
wise. The disclosure is therefore understood to teach a
person of ordinary skill in the art the disclosed embodi-
ments and the features of the disclosed embodiments
without having to repeat similar components and features
in all embodiments since a skilled artisan would not dis-
regard similar structural features having just read about
them in several preceding paragraphs nor ignore knowl-
edge gained from earlier descriptions set forth in the
same specification. As such, the same or similar features
shown in the following connector assemblies and con-
nector components incorporate the teachings of earlier
embodiments unless the context indicates otherwise.
Therefore, it is contemplated that later disclosed embod-
iments enjoy the benefit of earlier expressly described
embodiments, such as features and structures of earlier
described embodiments, unless the context indicates
otherwise.
[0123] With reference now to FIG. 5, a housing-mount-
ed spring contact is shown for use in a connector assem-
bly with a pin, the pin being without spring contacts. Said
differently, rather than mounting the spring contacts with
a pin prior to engaging the pin to a housing, the present
housing has housing grooves 152 that are sized and
shaped to receive spring contacts 124, which can be
canted coil springs, prior to receiving a pin within the bore
of the housing. As shown, each housing groove 152 has
a V-bottom and two sidewalls. In other examples, the
housing groove 152 can have other groove shapes, such
as a V-groove without sidewalls, a U-shape groove, a
groove with two parallel sidewalls and a bottom wall that
is flat, tapered or curved, etc. Each housing groove 152
has a depth that is sized to receive more than half of a
coil minor axis of each coil of the plurality of coils of the
spring contact and with part of each coil extending out of
the housing groove 152 to be received by a correspond-
ing mating groove on a pin. The centerline is shown to
indicate the direction of insertion of a connecting pin into
the housing to latch the pin to the housing, said pin com-
prising a pin body having a tip section and a tail section,
at least one electrical contact having a contact band and
a tab but no spring contact for use with a housing that
has spring contacts mounted therewith.
[0124] Figure 6 shows a pin 104 with two contact
springs 124, such as two spaced apart canted coil springs
prior to insertion of the pin into a housing. The pin 104
of figure 6, with spring contacts mounted thereon, is con-
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figured for insertion into a housing bore of a housing and
wherein said housing is without spring contacts 124. The
pin 104 of FIG. 6 can represent the pin 104 of FIG. 2 and
can include two electrical contacts having contact bands
and tabs assembled to the pin in an offset configuration.
The two spring contacts 124 can contact the two contact
bands on the two spring contacts. In other examples, the
housing can have a spring contact and the pin can have
a spring contact and wherein the pin with the spring con-
tact can connect to the housing with the spring contact.
[0125] With reference now to FIG. 7, the pin 104 of
Figures 1, 2, and 6 is shown without any spring contact.
As shown, the pin 104 comprises a pin body 116 com-
prising a tip section 140 having two spaced apart pin
grooves 166 and an insertion end 118 and a tail section
142. The tail section 142 can have an outer dimension,
such as an outer diameter or outer circumference, that
is smaller than an outer diameter or dimension of the pin
body 116, away from the two pin grooves 166.
[0126] As discussed above, the pin body 116 may be
formed from a dielectric or non-conducting material to
function as an insulator separating two spring contacts
and two electrical contacts from one another. The pin
body 116 has two spaced part pin grooves 166, which
may be referred to as a first pin groove 168 and a second
pin groove 170. The two pin grooves are separated from
one another by an insulating intermediate section 172,
which can be an integral part of the tip section 140 of the
pin 104. Each pin groove 166 can have a bottom wall
176 and two sidewalls 178, 180. The two sidewalls 178,
180 can be generally parallel to one another and the bot-
tom wall 176 can be V-shape, V-shape with a subtended
surface between two tapered surfaces of the V-shape,
or V-shaped with a subtended surface without any side-
wall. In an example, the two spaced apart pin grooves
166 have substantially the same shape. In other exam-
ples, the two grooves have different groove shapes, such
as shown with reference to FIGs. 14A and 14B.
[0127] As previously discussed with reference to FIG.
2, two electrical contacts 120 are insert molded with the
pin. Each electrical 120 contact can comprise a contact
band 134 and a tab 136 extending from the band. As
shown in Figure 7, the two contact bands 134 are molded
to the bottom walls 176 of the two grooves 166 and serve
as bottom surfaces of the respective grooves for contact-
ing corresponding spring contacts 124 (FIG. 6). Thus, as
shown, each contact band 134 has a surface that resem-
bles the bottom surface 176 of the respective pin groove
166. In some examples, the contact band 134 can have
side lips that from parts of the two sidewalls of the re-
spective pin groove.
[0128] Thus, aspects of the present connector assem-
bly are understood to include a housing and a pin, said
pin comprising an electrical contact comprising a contact
band comprising an arcuate band section for enveloping
at least part of the pin along a radial direction and a tab
extending from the contact band and down the tail section
of the pin. The arcuate band section can have a matching

contour as a bottom of a pin groove. The tab can be
integrated within the interior boundary of the tail section
of the pin and have a tab end extending externally of the
end of the tail section. In exemplary embodiments, a sec-
ond electrical contact having a contact band spaced from
the contact band of the first electrical contact is provided
with the pin. The second contact band is situated in a
second pin groove and has an arcuate band section hav-
ing a matching contour as a bottom of the second pin
groove.
[0129] Figure 8 is a cross-sectional side view of a pin
104 comprising two spaced apart pin grooves 166 and
two electrical contacts 120. The present pin can be a
cross-section of the pin of FIGs. 1, 6, and 7, but shown
without spring contacts. The two electrical contacts 120
have contact bands 134 that are offset along an axial or
longitudinal direction. The two contact bands 134 are
generally V-shape and are located in corresponding
grooves having two sidewalls and a center wall or bottom
wall located therebetween, said bottom wall of the pin
groove having a matching groove bottom surface as the
cross-sectional contour of the contact band. The two pin
grooves 166 with the contact bands 134 are sized and
shaped to receive spring contacts. The two pin grooves
166 can have the same size and/or shape or can be dif-
ferent.
[0130] A tab 136 extends from each contact band 134.
As shown, the tab 136 of the second electrical contact
128 has a length that is longer than the length of the tab
136 of the first electrical contact 126 since the contact
band 134 of the second electrical contact 128 is located
closer to the tapered end 118 than the contact band of
the first electrical contact 126 but wherein the two tab
ends 148 terminate on approximately the same plane. In
other examples, the tab ends 148 can terminate along
different axial positions.
[0131] The cross-sectional view of Figure 8 verifies that
the electrical contacts 126, 128 are not in contact with
one another. The spaced relationship of the two electrical
contacts 126, 128 allows the single pin 104 to have at
least two or more spring contacts 124 (Figure 6) for two
or more electrical contact paths, which are spaced or
isolated from one another. As shown, the two tabs 136
are routed inside the boundary or wall surface of the tail
section of the pin and having two tab ends projecting out
from the end most surface of the pin.
[0132] Figures 9A-B show two different side views, one
rotated 90 degrees from the other, of an electrical contact
120 comprising a contact band 134 and a tab 136 in ac-
cordance with aspects of the present disclosure. The
contact band 134 of the electrical contact 120 comprises
an arcuate band section 190 that can have a matching
contour as a bottom of a pin groove in which a spring
contact can be located or positioned. The tab 136 is elon-
gated and has a connecting portion 192 and an extension
portion 194. The extension portion 194 has a length and
a width with an arc section, which can form an arc around
the lengthwise axis of the electrical contact. In an exam-
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ple, the width of the arc section of the tab can form about
10% to about 40% of a circumference of a circle. The
length of the tab 136 allows the tab to extend down the
pin or along at least part of the length of the pin. The
connecting portion 192 is angled from contact band to-
wards the lengthwise axis of the electrical contact 120.
In an example, the contact band 134 and the tab 136 are
unitarily formed and can include a weld to close the loop
of the contact band. In other examples, the electrical con-
tact can be formed by a stamping process and can involve
welding to either close a seam of the contact band and/or
to attach the tab to the contact band.
[0133] As shown, the arcuate band section 190 has
two tapered walls 190a, 190b and a bottom wall 190c
located therebetween. The arcuate band section 190 has
a general V-shape with a subtended surface between
the two inclined surfaces, which are also understood as
being tapered walls. In an example, the electrical contact
120 can be made in whole or in part from stamped metal
parts and cold worked to final fit. Optionally, the electrical
contact 120 can be machined and welded when made
from multiple separate pieces to final fit. The electrical
contact can optionally be formed by metal injection mold-
ing or is molded by metal injection.
[0134] Figures 10A and 10B show a front end view and
a perspective view of an electrical contact 120 comprising
a contact band 134 and a tab 136 extending from the
contact band. The electrical contact is configured for use
with a pin described elsewhere herein and optionally with
one or more other electrical contacts to enable the pin to
have two or more electrical paths. As shown, the contact
band 134 is a continuous loop. In other examples, the
contact band 134 can be non-continuous, such as having
a gap and can function as a snap ring. From the front
view of FIG. 10A, the contact band can be seen having
an inside diameter and an outside diameter. The con-
necting portion 192 on the tab 136 can be seen angling
towards the center of the contact band.
[0135] From the perspective view of FIG. 10B, the con-
tact band can be seen having a surface contour along
the width of the contact band. As described with reference
to FIGs. 9A and 9B, the contact band can have two ta-
pered surfaces or tapered walls and a bottom wall or
bottom surface. In other examples, the surface contour
along the width can differ. For example, the surface can
have a U-shape, can have an arc shape, and the two
upper edges 190d, 190d of the two tapered walls can
include an upwardly extending lip to form part of or the
height of each of the two sidewalls of a pin groove. The
tab 136 can have a connecting portion 192 and an ex-
tension portion 194 with a length and a width. The length
of the tab can be selected as appropriate for use with a
pin and the width of the tab can be about 10% to about
40% of a circumference of a circle and can have a general
flat cross-sectional profile or an arc shape.
[0136] Figures 10C and 10D show a front end view and
a perspective view of an alternative electrical contact 120
comprising a contact band 134 and a tab 136 extending

from the contact band. The electrical contact is config-
ured for use with a pin described elsewhere herein and
optionally with one or more other electrical contacts to
enable the pin to have two or more electrical paths. As
shown, the contact band 134 is a continuous loop and
has a generally square shape. In other examples, the
contact band 134 can be non-continuous and can have
a different shape, such as a generally rectangular shape.
[0137] From the front view of FIG. 10C, the contact
band can be seen having an inside diameter and an out-
side diameter. The connecting portion 192 on the tab 136
can be seen angling towards the center of the contact
band. From the perspective view of FIG. 10D, the contact
band can be seen having a surface contour along the
width of the contact band. As described with reference
to FIGs. 9A and 9B, the contact band can have two ta-
pered surfaces or tapered walls and a bottom wall or
bottom surface. In other examples, the surface contour
along the width can differ. For example, the surface can
have a U-shape, can have an arc shape, and the two
upper edges 190d, 190d of the two tapered walls can
include an upwardly extending lip to form part of or the
height of the two sidewalls of a pin groove. The tab 136
can have a connecting portion 192 and an extension por-
tion 194 with a length and a width. The length of the tab
can be selected as appropriate for use with a pin and the
width of the tab can be about 10% to about 40% of the
width of one of sides of the contact band and can have
a general flat cross-sectional profile or an arc shape.
[0138] Figures 10E and 10F show a front end view and
a perspective view of an alternative electrical contact 120
comprising a contact band 134 and a tab 136 extending
from the contact band. The electrical contact is config-
ured for use with a pin described elsewhere herein and
optionally with one or more other electrical contacts to
enable the pin to have two or more electrical paths. As
shown, the contact band 134 is a continuous loop and
has a generally triangular shape. In other examples, the
contact band 134 can be non-continuous and can have
a different shape, such as generally rectangular or oval.
[0139] From the front view of FIG. 10E, the contact
band can be seen having an inside dimension and an
outside dimension. The connecting portion 192 on the
tab 136 can be seen angling towards the center of the
contact band. From the perspective view of FIG. 10F, the
contact band can be seen having a surface contour along
the width of the contact band. As described with reference
to FIGs. 9A and 9B, the contact band can have two ta-
pered surfaces or tapered walls and a bottom wall or
bottom surface. In other examples, the surface contour
along the width can differ. For example, the surface can
have a U-shape, can have an arc shape, and the two
upper edges 190d, 190d of the two tapered walls can
include an upwardly extending lip to form part of or the
height of the two sidewalls of a pin groove. The tab 136
can have a connecting portion 192 and an extension por-
tion 194 with a length and a width. The length of the tab
can be selected as appropriate for use with a pin and the

23 24 



EP 3 261 188 A1

14

5

10

15

20

25

30

35

40

45

50

55

width of the tab can be about 10% to about 40% of a the
width of one of sides of the contact band and can have
a general flat cross-sectional profile or an arc shape.
[0140] Figures 10G and 10H show a front end view
and a perspective view of an alternative electrical contact
120 comprising a contact band 134 and a tab 136 ex-
tending from the contact band. The electrical contact is
configured for use with a pin elsewhere herein and op-
tionally with one or more other electrical contacts to en-
able the pin to have two or more electrical paths. As
shown, the contact band 134 is a non-continuous loop
with a gap 135 between two band side edges 137. The
band has generally round shape with a gap. The contact
band 134 is not closed off so that it may at least partially
surround the insulator, such as a pin, around a majority
of the circumference thereof.
[0141] From the front view of FIG. 10G, the contact
band can be seen having an inside dimension and an
outside dimension. The connecting portion 192 on the
tab 136 can be seen angling towards the center of the
contact band. From the perspective view of FIG. 10H,
the contact band can be seen having a surface contour
along the width of the contact band. As described with
reference to FIGs. 9A and 9B, the contact band can have
two tapered surfaces or tapered walls and a bottom wall
or bottom surface. In other examples, the surface contour
along the width can differ. For example, the surface can
have a U-shape, can have an arc shape, and the two
upper edges 190d, 190d of the two tapered walls can
include an upwardly extending lip to form part of or the
height of the two sidewalls of the pin groove. The tab 136
can have a connecting portion 192 and an extension por-
tion 194 with a length and a width. The length of the tab
can be selected as appropriate for use with a pin and the
width of the tab can be about 10% to about 40% of a
circumference.
[0142] The non-continuous configuration of the contact
band 134 of the present electrical contact embodiment
enables the contact band to snap onto a pin made from
a non-conducting or a dielectric material rather than as-
sembling to the pin by insert molding, although the latter
process is still an option. The connecting portion 192 and
the extension portion 194 can be adjusted when using
the electrical contact 120 of FIGs. 10G and 10H by snap
fit to a pre-formed pin made from a non-conducting or a
dielectric material.
[0143] Figures 10I and 10J show a front end view and
a perspective view of an electrical contact 120 comprising
a contact band 134 and a tab 136 extending from the
contact band. The electrical contact 120 is configured for
use with a pin described elsewhere herein and optionally
with one or more other electrical contacts to enable the
pin to have two or more electrical paths. As shown, the
contact band 134 is a continuous loop. In other examples,
the contact band 134 can be non-continuous, such as
having a gap and can function like a snap ring.
[0144] From the front view of FIG. 10I, the contact band
can be seen having an inside diameter and an outside

diameter. The connecting portion 192 on the tab 136 can
be seen angling towards the center of the contact band.
From the perspective view of FIG. 10J, the contact band
can be seen having a surface contour along the width of
the contact band. In the present embodiment, the width
has a generally U-shape with two short sidewalls 190a,
190b and a bottom wall 190c located therebetween. The
bottom wall 190c is generally flat and the surface contour
of the bottom wall is generally parallel to the lengthwise
axis of the electrical contact. In other examples, the sur-
face contour along the width can differ. For example, the
surface can have a V-shape, can have an arc shape, and
the two upper edges 190d, 190d of the two tapered walls
can include an upwardly extending lip to form part of or
the height of each of the two sidewalls of the pin groove.
In still other examples, the two sidewalls 190a, 190b can
be omitted and the tab 136 extending directly from the
bottom wall. The tab 136 can have a connecting portion
192 and an extension portion 194 with a length and a
width. The length of the tab can be selected as appropri-
ate for use with a pin and the width of the tab can be
about 10% to about 40% of a circumference of a full circle
and can have a general flat cross-sectional profile or an
arc shape.
[0145] Figure 11 shows a side view of a pin 104 com-
prising a pin body 116 having a tip section 140 and a tail
section 142, similar to other pins described elsewhere
herein and is configured for use with a housing in a con-
nector assembly. The pin 104 further comprises two pin
grooves 166 including a first pin groove 168 and a second
pin groove 170. In other examples, additional pin grooves
can be incorporated. A contact band 134 of an electrical
contact 120 having a gap 135 or a non-continuous loop
is shown attached to the second groove 170 with two
side edges 137, 137 and the gap 135 clearly shown. The
electrical contact 120, being located in the second pin
groove, may be referred to as a second electrical contact
128. A tab 142 extends from the contact band 134 that
is attached to the second groove 170 and extends along
the tail section 142 and having a tab end 148 extending
beyond the end of the tail section. The tip section 140 of
the pin is provided with lengthwise channels to accom-
modate the width of the tab running from the area of the
grooves through the remainder of the tip section 140 and
along the tail section 142 of the pin. Adhesive, heat welds,
detents, or combinations thereof may be used to secure
the tab to the pin.
[0146] Another electrical contact 120 is shown spaced
from the pin 104 and shown in the process of snapping
onto the pin 104. The pin can comprise a non-conducting
material or materials for use as an isolator to isolate the
electrical contacts and spring contacts. The arrow shows
the direction of assembling of the electrical contact onto
the first pin groove 168 of the pin. This spaced electrical
contact 120 that is in the process of being mounted to
the pin may be referred to as a first electrical contact 126
and has a contact band 134 with a gap located between
two side edges, similar to the contact band of the second
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electrical contact 128. The tab 136 extending from the
contact band can pass through a lengthwise channel
formed through or in the tip section 140 of the pin with
the remaining portion of the tab extending along the ex-
terior of the tail section 142. The tail section 142 may
also include a lengthwise channel so that the tab can
recess from the exterior surface of the tail section.
[0147] Thus, Figure 11 shows a process in which an
electrical contact 120 has a contact band 134 and where-
in the contact band at least partially surrounds the insu-
lator around the axis of the pin. Figure 11 shows two
locations where two electrical contacts can be located.
One of the two locations can contain an installed electrical
contact 120 that has a contact band with a non-continu-
ous loop or an insert molded electrical contact similar to
FIG. 8. The other location or pin groove is indicated with
an arrow showing the direction which the electrical con-
tact 120 can snap onto the pin 104 and for the contact
band with a gap to snap into the first groove 168.
[0148] Figure 12 shows an isometric view of the pin
104 of Figure 11 after assembly. As shown, the two elec-
trical contacts 120 are installed at least partially surround-
ing the insulator, and are shown in offset positions axially
with respect to the two contact bands and radially with
respect to the locations of the two tabs. The two contact
bands each comprises a gap to enable snapping the con-
tacts bands into the two spaced apart grooves.
[0149] Figures 13A and 13B show an isometric view
and side view of an alternative pin 104 in accordance
with aspects of the present disclosure. As shown, the pin
104 comprises multiple pin grooves 166 for accommo-
dating multiple contact bands of multiple electrical con-
tacts. In the present embodiment, the pin 104 comprises
four pin grooves 166. In other examples, the pin can have
a different number of pin grooves, such as one, two, three
or more than four pin grooves for accommodating the
same number of electrical contacts. By extending the
length of the pin 104, such as the length of the tip section
140, multiple electrical contacts can be accommodated
for use with multiple spring contacts having multiple in-
dependent electrical contact paths on a single pin body.
[0150] Figures 14A and 14B show yet another alterna-
tive pin 104 in accordance with aspects of the present
disclosure, in an isometric view and a side view. As
shown, the pin 104 comprises two pin grooves 166 with
variations in groove designs and shapes. For example,
the first pin groove 168 can have a flat bottom surface
while the second pin groove 170 can have be V-shape
with a subtended surface. In other examples, the first pin
groove can have a V-shape with a subtended surface
while the second pin groove can have a generally flat
bottom surface, such as being generally U-shape. The
different shaped grooves can accommodate electrical
contacts with different contact band shapes. By varying
the groove designs, the connectors described herein are
not just limited to a singular design or single shape. The
different shaped grooves can be selected to house the
spring contacts differently.

[0151] Figure 15 shows an alternative housing 102 pro-
vided in accordance with aspects of the present disclo-
sure, which can be used in a connector assembly de-
scribed elsewhere herein for use with a pin as described
elsewhere herein. The housing 102 has a housing body
108 with an exterior surface and an interior surface 160
defining a bore 162. Two housing grooves 152 are incor-
porated in the bore 162 of the housing, which include a
first housing groove 156 and a second housing groove
158. The two housing grooves are shown with variations
in groove design. As shown, the two grooves have dif-
ferent groove shapes, such as different groove wall sur-
faces with different angles and/or geometries. The first
groove 156 can have two sidewalls and a bottom wall
located therebetween. The two sidewalls can be gener-
ally parallel to one another or one of the two sidewalls
can form an obtuse angle with the bottom wall as shown.
The second groove 158 can be V-shape. In other exam-
ples, the shapes of the first housing groove and the sec-
ond housing groove can switch or can have other or dif-
ferent shapes.
[0152] Figure 16 shows a connector assembly 100
comprising a housing 102 and a pin 104. In the present
embodiment, both the housing and the pin each compris-
es a spring contact 124. When assembling the pin 104
to the housing 102, the connector assembly 100 of the
present embodiment has two spring contacts 124 for two
independent electrical contact paths. A centerline is
shown to show the direction of insertion of the pin along
the centerline. As shown, the housing has a first housing
groove 156 and a second housing groove 158. One of
the spring contacts 124 is located in the second housing
groove 158. The pin has a first pin groove 168 and a
second pin groove 170. The second spring contact 124
is located in the first pin groove 168 of the pin. The two
spring contacts 124 are oriented in a manner such that
they do not interfere with one another during insertion of
the pin into and removal of the pin from the bore of the
housing.
[0153] For the connector assembly embodiment of
FIG. 16, the opening 122 to the first open end 110 of the
housing 102 and the first pin groove 156 are modified to
accept the pin into the bore of the housing and to engage
the spring contact 124 located in the first pin groove 168
with the modified first housing groove of the housing.
Similarly, the second pin groove 170 has been modified
to pass through the first housing groove 156 during in-
sertion of the pin into the opening of the first open end
110 to engage the spring contact 124 located in the sec-
ond housing groove 158. As shown, the first housing
groove 156 has one sidewall and a bottom wall. The side
opposite the one sidewall of the first housing groove 156
is either eliminated or substantially reduced in height
compared to the one sidewall. Similarly, the second pin
groove 170 has one sidewall and a bottom wall. The side
opposite the one sidewall of the second pin groove 170
is either eliminated or substantially reduced in height
compared to the one sidewall.
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[0154] In an example, an electrical contact comprising
a contact band is located in the pin groove 168 of the pin
of FIG. 16 and a tab extending from the contact band
extends along the length of the pin. In an example, the
tab can be located along an exterior of the pin and op-
tionally recessed to the pin via a channel formed with the
pin. The spring contract 124 can be in contact with the
contact band of the electrical contact.
[0155] FIGs. 17A-17D show different views of a pair
electrical contacts 120, including a first electrical contact
126 and a second electrical contact 128, each with a
contact band 134 and a tab 136. The two electrical con-
tacts 120 are shown in an axially offset configuration,
similar to that shown in FIGs. 2 and 8. The two electrical
contacts 120 can be positioned in the axially offset posi-
tion as shown inside a mold for insert molding with a pin
to form the pin shown in FIGs. 2 and 8. The inclined con-
necting portion 192 of the second electrical contact 128
is angled in such a way that it is spaced from the contact
band of the first electrical contact 126 so as to avoid short-
ing. Although the two contact bands 134 of the two elec-
trical contacts 120 are shown being the same, the two
contact bands can have different band shapes.
[0156] Methods of making and of using contact assem-
blies and components thereof as described herein are
within the scope of the present invention.
[0157] Although limited embodiments of the connector
assemblies and their components have been specifically
described and illustrated herein, many modifications and
variations will be apparent to those skilled in the art. Ac-
cordingly, it is to be understood that the connector as-
semblies and their components constructed according
to principles of the disclosed devices, systems, and meth-
ods may be embodied other than as specifically de-
scribed herein. The disclosure is also defined in the fol-
lowing claims.

Claims

1. A connector assembly (100) comprising:

a pin (104) comprising an insulator material and
an electrical contact (120);
a housing (102) comprising an exterior surface
and an interior surface (160) defining a bore
(162);
a spring contact (124);
a direction of insertion of said pin (104) into said
bore (162) of said housing (102);
wherein the pin (104) comprises an axis in the
direction of insertion;
wherein the electrical contact (120) comprises
a contact band (134) where contact is to be es-
tablished with the spring contact (124), said con-
tact band (134) at least partially surrounds the
insulator material around the axis of the pin
(104);

wherein said electrical contact (120) comprises
a tab (136) extending from the contact band
(134) and along at least a length of the pin (104);
and
wherein the spring contact (124) establishes an
electrical path between the pin (104) and the
housing (102) when the pin (104) is inserted into
the bore (162) of the housing (102).

2. The connector assembly according to claim 1,
wherein the electrical contact is a first electrical con-
tact and the spring contact is a first spring contact;
and
further comprising a second electrical contact and a
second spring contact.

3. The connector assembly according to claim 2,
wherein the pin comprises two spaced apart pin
grooves including a first pin groove and a second pin
groove and wherein the first electrical contact is lo-
cated in the first pin groove and the second electrical
contact is located in the second pin groove.

4. The connector assembly according to claim 1,
wherein the spring contact (124) is retained with a
housing groove of the housing prior to insertion of
the pin into the bore of the housing.

5. The connector assembly according to claim 1,
wherein the spring contact is retained with a groove
of the pin prior to insertion of the pin into the bore of
the housing.

6. The connector assembly according to claim 1,
wherein the tab of the electrical contact is connected
to a source.

7. The connector assembly according to claim 1,
wherein the tab of the electrical contact is connected
to a receiver.

8. The connector assembly according to claim 1,
wherein the contact band of the electrical contact
and a contact band of a second electrical contact
comprises are offset longitudinally.

9. The connector assembly according to claim 1,
wherein the electrical contact is stamped from a met-
al sheet or the spring contact is a canted coil spring.

10. The connector assembly according to claim 1,
wherein the contact band defines a plane and where-
in the tab has an extension portion extending orthog-
onally to the plane.

11. The connector assembly according to claim 1,
wherein the pin and the contact element are formed
by insert molding.
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12. The connector assembly according to claim 1,
wherein the electrical contact is formed by metal in-
jection molding or is molded by metal injection.

13. The connector assembly according to claim 1,
wherein the electrical contact comprises copper or
a copper alloy.

14. A method of using the connector assembly of claim
1, comprising the step of separating the pin from the
bore of the housing.

15. A method of making the connector assembly of claim
1, comprising the step of assembling the contact as-
sembly to the pin.
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