ELECTRICAL CONNECTOR AND WIRE HARNESS ASSEMBLY
WITH COMPRESSION CONTACTS

FIELD OF THE INVENTION

[0001] The present invention is directed an electrical connector and wire
harness assembly for connecting to a substrate. In particular, the invention is
directed to an electrical connector and wire harness assembly which has
contacts which compress when mated to a substrate.

BACKGROUND OF THE INVENTION

[0002] In various applications, a movable component must make an electrical
connection with a base component in order for the movable component to
function properly when installed. Accordingly a need exists for an improved

electrical connector.

SUMMARY OF THE INVENTION

[0003] An embodiment is directed to a wire hamess assembly including a first
connector, a second connector, and conductors extending between the first
connector and the second connector. Contacts are provided on the second
connector. The contacts have termination sections which are mounted on the
second connector, compliant sections which extend from the termination
sections, and substrate engagement sections which extend from the compliant
sections. The substrate engagement sections have curved contact sections
which are configured to be positioned in mechanical and electrical engagement
with circuit pads of a mating printed circuit board. Embossments are provided
on the curved contact sections.

[0004] An embodiment is directed to a wire hamess assembly including a first
connector, a second connector, and conductors extending between the first
connector and the second connector. Contacts are provided on the second

connector. The contacts have termination sections which are mounted on the
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second connector, compliant sections which extend from the termination
sections, and substrate engagement sections which extend from the compliant
sections. The termination sections have folded over areas provided proximate
free ends. Insulation displacement slots are provided in the folded over areas
and cooperate with the conductors. The second connector has a housing with
an upper surface and an oppositely facing lower surface. Contact-receiving
enclosures extend from the upper surface in a direction away from the lower
surface, the contact-receiving enclosures are dimensioned to receive the free
ends of the termination sections of the contacts and a portion of the folded over
areas therein. Conductor-receiving conduits are provided between the upper
surface and the lower surface, the conductor-receiving conduits are
dimensioned to receive a portion of the conductors therein. The conductors
positioned in the conductor-receiving conduits extend through the contact-
receiving enclosures.

[0005] An embodiment is directed to an electrical connector for use with a wire
harness assembly. Contacts provided on the electrical connector. The contacts
have termination sections which are mounted on the electrical connector,
compliant sections which extend from the termination sections, and substrate
engagement sections which extend from the compliant sections. The
termination sections have folded over areas provided proximate free ends.
Insulation displacement slots are provided in the folded over areas and
cooperate with the conductors. The electrical connector includes a housing with
an upper surface and an oppositely facing lower surface. Contact-receiving
enclosures extend from the upper surface in a direction away from the lower
surface. The contact-receiving enclosures are dimensioned to receive portions
of the termination sections of the contacts. Conductor-receiving conduits are
provided between the upper surface and the lower surface. The conductor-
receiving conduits are dimensioned to receive a portion of the conductors
therein. The conductors positioned in the conductor-receiving conduits extend
through the contact-receiving enclosures.



[0006] Other features and advantages of the present invention will be apparent
from the following more detailed description of the preferred embodiment, taken
in conjunction with the accompanying drawings which illustrate, by way of
example, the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a top perspective view of an illustrative embodiment of an

electrical connector and wire harness according to the present invention.

[0008] FIG. 2 is a bottom perspective view of the electrical connector and wire

harness of FIG. 1.

[0009] FIG. 3 is an exploded perspective view of the electrical connector and

wire harness of FIG. 1.

[0010] FIG. 4 is an enlarged view of several contacts of the electrical connector
of FIG. 3.

[0011] FIG. 5 is a top perspective view of a second illustrative embodiment of
an electrical connector and wire harness according to the present invention.

[0012] FIG. 6 is a bottom perspective view of the electrical connector and wire
harness of FIG. 5.

[0013] FIG. 7 is an exploded perspective view of the electrical connector and
wire harness of FIG. 5.

DETAILED DESCRIPTION OF THE INVENTION

[0014] The description of illustrative embodiments according to principles of the
present invention is intended to be read in connection with the accompanying
drawings, which are to be considered part of the entire written description. In
the description of embodiments of the invention disclosed herein, any reference
to direction or orientation is merely intended for convenience of description and
is not intended in any way to limit the scope of the present invention. Relative

terms such as "lower," "upper," "horizontal," "vertical," "above," "below," "up,"
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"down," "top" and "bottom" as well as derivative thereof (e.g., "horizontally,"”
"downwardly," "upwardly," etc.) should be construed to refer to the orientation
as then described or as shown in the drawing under discussion. These relative
terms are for convenience of description only and do not require that the
apparatus be constructed or operated in a particular orientation unless explicitly
indicated as such. Terms such as "attached," "affixed," "connected," "coupled,"
"interconnected," and similar refer to a relationship wherein structures are
secured or attached to one another either directly or indirectly through
intervening structures, as well as both movable or rigid attachments or

relationships, unless expressly described otherwise.

[0015] Moreover, the features and benefits of the invention are illustrated by
reference to the preferred embodiments. Accordingly, the invention expressly
should not be limited to such embodiments illustrating some possible non-
limiting combination of features that may exist alone or in other combinations
of features, the scope of the invention being defined by the claims appended
hereto.

[0016] It may be desirable for a movable component to make an electrical
connection with a base component. For example, it may be desirable to position
a removable water filter in electrical connection with the circuitry of a refrigerator
(e.g., in order for the refrigerator to allow water to flow to through the removable
filter to properly filter the water). An electrical connector which interfaces with
the movable component (e.g., water filter) may be used to make an electrical
connection with the electrical component of the movable component as the
contacts of the electrical connector are compressed. Such connection may be
achieved through the use of printed circuit boards and expensive contacts of
the electrical connector. However, it would be beneficial to provide an electrical

connector with movable components which does not require a printed circuit



board and which does not require expensive contacts, while providing a reliable

electrical connection.

[0017] Referring to FIGS. 1 and 2, an illustrative wire harness 10 includes a first
connector 12, a second connector 14 and wires or conductors 16 extending
therebetween. In the embodiment shown, four conductors 16 are provided, but
other number of conductors 16 can be provided to accommodate the electrical

requirements without departing from the scope of the invention.

[0018) Contacts 18 are provided at one end of the conductors 16. The contacts
18 are configured to be inserted into the housing 20 of the first connector 12.
While crimped contacts 18 are shown, the contacts 18 are not so limited. In
addition, the first connector 12 is not limited to the type of plug connector shown.
In some embodiments, the first connector 12 is connected to the circuitry of an

appliance, such as a refrigerator.

[0019] As best shown in FIGS. 2 through 4, the second connector 14 has
contacts 22 provided therein. In the embodiment shown, four contacts 22 are
provided so that each of the conductors 16 may be terminated. However, other
numbers of contacts 22 may be provided based on the number of conductors
16. The contacts 22 are stamped and formed from material having the
appropriate electrical and mechanical characteristics.

[0020] The contacts 22 have wire termination sections 24, transition or
compliant sections 26 and substrate engagement sections 28. The wire
termination sections 24 have folded over areas 30 provided proximate the free
ends 32. Slots 34 are provided in the folded over areas 30 to form insulation
displacement slots which cooperate with the conductors 16 to place the

contacts 22 in electrical engagement with the conductors 16.

[0021] The transition or compliant sections 26 extend from the wire termination
sections 24, In the illustrative embodiment shown, the transition or compliant
sections 26 extend at essentially right angles from the wire termination sections

24, although other angles may be used. Embossments 36 extend from the wire
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termination sections 24 to the transition or compliant sections 26 to provide
additional strength and stability between the wire termination sections 24 and
the transition or compliant sections 26. The shape, size and positioning of the
embossments 36 may be varied depending upon the amount of stiffness or
resiliency of the contacts that is desired.

[0022] The substrate engagement sections 28 extend from the transition or
compliant sections 26. In the illustrative embodiment shown, the substrate
engagement sections 28 extend at essentially right angles from the transition
or compliant sections 26, although other angles may be used. The substrate
engagement sections 28 have curved contact sections 38 which are configured
to be positioned in mechanical and electrical engagement with circuit pads 40
(e.q., of a mating printed circuit board 42). In some embodiments, the printed
circuit board is part of a water filter. In a particular embodiment, the wire harness
10 is positioned within a refrigerator manifold that is configured to receive a
water filter. In such embodiment, the wire harmess 10 may be employed to
establish an electrical connection between the circuitry of the refrigerator and
the printed circuit board of the water filter. Embossments 44 are provided on
the curved contact sections 38 to provide additional strength and stability to the
curved contact sections 38. The shape, size and positioning of the
embossments 44 may be varied depending upon the amount of stiffness or
resiliency of the contacts that is desired.

[0023] The housing 46 of the second connector 14 has an upper surface 48 and
an oppositely facing lower surface 50. Contact-receiving enclosures 52 extend
from the upper surface 48 in a direction away from the lower surface 50. In the
embodiment shown, four contact-receiving enclosures 52 are provided so that
each of the contacts 22 may be positioned in a contact-receiving enclosure 52.
However, other numbers of contact-receiving enclosures 52 may be provided
based on the number of contacts 22 and conductors 16. The contact-receiving
enclosures 52 are dimensioned to receive the free ends 32 of the contacts 22
and a portion of the folded over areas 30 of the wire termination sections 24
therein.
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[0024] Conductor-receiving conduits 54 are provided between the upper
surface 48 and the lower surface 50. The conductor-receiving conduits 54 are
dimensioned to receive a portion of the conductors 16 therein. The conductor-
receiving conduits 54 are provided in-line with the contact-receiving enclosures
52 such that the conductors 16 positioned in the conductor-receiving conduits
54 extend through the contact-receiving enclosures 52.

[0025] Contact-receiving projections 56 extend from the lower surface 50 in a
direction away from the upper surface 48. In the embodiment shown, four
contact-receiving projections 56 are provided so that each of the contacts 22
may be positioned in a contact-receiving projection 56. However, other
numbers of contact-receiving projections 56 may be provided based on the
number of contacts 22 and conductors 16. Slots 58 are provided in the contact-
receiving projections 56. The slots 58 are dimensioned to receive and retain a

portion of the folded over areas 30 of the wire termination sections 24 therein.

[0026] During assembly of the second electrical connector 14 and the wire
harness 10, the conductors 16 are inserted in the conductor-receiving conduits
54, such that ends of the conductors 16 extend in the conductor-receiving

conduits 54 past the contact-receiving enclosures 52.

[0027] With the conductors 16 fully inserted, the contacts 22 are inserted into
the housing 46 from the bottom surface 50. The folded over areas 30 of the wire
termination sections 24 are inserted into the slots 58 of the contact-receiving
projections 56. As the insertion of the contacts 22 continues, the slots 34 of the
folded over areas 30 of the wire termination sections 24 engage the conductors
16 positioned in the conductor-receiving conduits 54, causing the insulation of
the conductors 16 to be displaced, as is known for insulation displacement type
contacts, and providing a mechanical and electrical connection between the
contacts 22 and the conductors 16.



[0028] With the wire termination sections 24 properly positioned in the slots 58
of the contact-receiving projections 56, the wire termination sections 24 are
maintained in position by barbs, interference fit, or other know means.

[0029] With the contacts 22 properly secured to the conductors 16 and the
housing 46 of the electrical connector 14, the printed circuit board 42 is moved
into engagement with the curved sections 38 of the substrate engagement
sections 28 of the contacts 22. As this occurs, the contacts 22 are resilient
compresses or deformed, such that the curved sections 38 of the substrate
engagement sections 28 of the contacts 22 exert a force on the circuit pads 40
of the printed circuit board 42 to retain the contacts 22 in mechanical and

electrical engagement with the circuit pads 40.

[0030] When mating between the printed circuit board 42 and the contacts 22
occurs, the movement of the printed circuit board 42 toward the electrical
connector 14 causes the contacts 22 to resilient deform or deflect by 4 mm or
more to provide a sufficient mating force between the contacts 22 and the circuit
pads 40. As the resilient deflection of the contacts 22 occur, the wire termination
sections 24 remains in a fixed position in the slots 58 of the contact-receiving
projections 56. The substrate engagement sections 28 are moved in a direction
which is essentially parallel to the longitudinal axis of the contacts 22, causing
the transition or compliant sections 26 to pivot about the points where the
transition or compliant sections 26 engage the wire termination sections 24.
The rigidity of the points where the transition or compliant sections 26 engage
the wire termination sections 24 and the rigidity of the embossments 36
determine the mating force applied by the contacts 22 to the circuit pads 40.

[0031] After mating of the circuit pads 40 to the contacts 22 occurs, the electrical
connector 14 and the circuit board 42 are maintained in position by latches or
other means to prevent the unwanted withdraw of the circuit pads 40 from the
contacts 22.



[0032] Referring to FIGS. 5 through 7, a second illustrative wire harness 110
includes a first connector 112, a second connector 114 and wires or conductors
116 extending therebetween. In the embodiment shown, four conductors 116
are provided, but other number of conductors 116 can be provided to
accommodate the electrical requirements without departing from the scope of
the invention.

[0033] Contacts 118 are provided at one end of the conductors 116. The
contacts 118 are configured to be inserted into the housing 120 of the first
connector 112. While crimped contacts 118 are shown, the contacts 118 are
not so limited. In addition, the first connector 112 is not limited to the type of
plug connector shown. In some embodiments, the first connector 112 is

connected to the circuitry of an appliance (e.g., a refrigerator).

[0034] As best shown in FIGS. 6 and 7, the second connector 114 has contacts
122 provided therein. In the embodiment shown, four contacts 122 are provided
so that each of the conductors 116 may be terminated. However, other numbers
of contacts 122 may be provided based on the number of conductors 116. The
contacts 122 are stamped and formed from material having the appropriate

electrical and mechanical characteristics.

[0035] The contacts 122 have housing termination sections 124, transition or
compliant sections 126 and substrate engagement sections 128. The housing
termination sections 124 have housing engagement members 130 which
extend from vertical members 132. Mounting openings 134 (FIG. 7) are
provided in the housing engagement members 130. In the illustrative
embodiment shown, the housing engagement members 130 extend at
essentially right angles from the vertical members 132, although other angles
may be used. Embossments 136 extend from the housing engagement
members 130 to the vertical members 132 to provide additional strength and
stability. The shape, size and positioning of the embossments 136 may be
varied depending upon the amount of stiffness or resiliency of the contacts that
is desired.



[0036] The transition or compliant sections 126 extend from the housing
termination sections 124. In the illustrative embodiment shown, the transition or
compliant sections 126 extend at essentially right angles from the housing
termination sections 124, although other angles may be used.

[0037] The substrate engagement sections 128 extend from the transition or
compliant sections 126. In the illustrative embodiment shown, the substrate
engagement sections 128 extend at essentially right angles from the transition
or compliant sections 126, although other angles may be used. The substrate
engagement sections 128 have curved contact sections 138 which are
configured to be positioned in mechanical and electrical engagement with
circuit pads 142 of a mating printed circuit board 140 (FIG. 5). Embossments
144 are provided on the curved contact sections 138 to provide additional
strength and stability between the curved contact sections 138. The shape, size
and positioning of the embossments 144 may be varied depending upon the

amount of stiffness or resiliency of the contacts that is desired.

[0038] The housing 146 of the second connector 114 has an upper surface 148
and an oppositely facing lower surface 150. As best shown in FIG. 7, openings
152 extend from the upper surface 148 to the lower surface 150. In the
embodiment shown, four openings 152 are provided, however other numbers
of openings 152 may be provided based on the number of contacts 122 and
conductors 116. The openings 152 are dimensioned to receive the mounting
hardware 154 therein.

[0039] Ring contacts 156 are provided at the ends of the conductors 116. The
ring contacts 156 are provided in-line with the openings 152. The ring contacts

156 have openings 158 to receive the mounting hardware 154 therein.

[0040] During assembly of the second electrical connector 114 and the wire
harness 110, the openings 158 of the ring contacts 156 of the conductors 116
are positioned in line with the openings 152. The mounting openings 134 of the
contacts 122 are also positioned in line with the openings 152. The mounting
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hardware 154 is inserted through the openings 158, the openings 152 and the
openings 134 to secure the conductors 116 and the contacts 122 to the housing
146. The mounting hardware 146 also provides the electrical connection
between the ring contacts 156 of the conductors 116 and the contacts 122,

[0041] With the contacts 122 properly secured to the housing 146 of the
electrical connector 114, the printed circuit board 140 is moved into
engagement with the curved sections 138 of the substrate engagement
sections 128 of the contacts 122. As this occurs, the contacts 122 are resilient
compresses or deformed, such that the curved sections 138 of the substrate
engagement sections 128 of the contacts 122 exert a force on the circuit pads
142 of the printed circuit board 140 to retain the contacts 122 in mechanical and

electrical engagement with the circuit pads 142.

[0042] When mating between the printed circuit board 140 and the contacts 122
occurs, the movement of the printed circuit board 140 toward the electrical
connector 114 causes the contacts 122 to resilient deform or deflect by 4 mm
or more to provide a sufficient mating force between the contacts 122 and the
circuit pads 142. As the resilient deflection of the contacts 122 occur, the
housing engagement members 130 and the vertical members 132 of the
housing termination sections 124 remains in a fixed position. The substrate
engagement sections 128 are moved in a direction which is essentially parallel
to the longitudinal axis of the contacts 122, causing the transition or compliant
sections 126 to pivot about the points where the transition or compliant sections
126 engage the vertical members 132. The rigidity of the points where the
transition or compliant sections 26 engage the vertical members 132 determine

the mating force applied by the contacts 122 to the circuit pads 142.

[0043] After mating of the circuit pads 142 to the contacts 122 occurs, the
electrical connector 114 and the circuit board 140 are maintained in position by
latches or other means to prevent the unwanted withdraw of the circuit pads
142 from the contacts 122.
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[0044] In a particular embodiment, a refrigerator may include the wire harness
110, and the wire hamess 110 may be connected to the circuitry of the
refrigerator. The wire harness 110 may part of a refrigerator manifold that is
configured to receive a water filter. In this regard, the printed circuit board 140
may be located on the exterior of the water filter and connected to the circuitry
of the water filter. When the water filter is inserted into the manifold, the wire
harness 110 engages the printed circuit board 140 in order to establish an
electrical connection between the circuitry of the refrigerator and the circuitry of

the water filter.

[0045] While the invention has been described with reference to a preferred
embodiment, it will be understood by those skilled in the art that various
changes may be made and equivalents may be substituted for elements thereof
without departing from the spirit and scope of the invention as defined in the
accompanying claims. One skilled in the art will appreciate that the invention
may be used with many modifications of structure, arrangement, proportions,
sizes, materials and components and otherwise used in the practice of the
invention, which are particularly adapted to specific environments and operative
requirements without departing from the principles of the present invention. The
presently disclosed embodiments are therefore to be considered in all respects
as illustrative and not restrictive, the scope of the invention being defined by the

appended claims, and not limited to the foregoing description or embodiments.
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CLAIMS

1. A wire harness assembly comprising:

a first connector;

a second connector;

conductors extending between the first connector and the
second connector;

contacts provided on the second connector, the contacts have
termination sections which are mounted on the second connector,
compliant sections which extend from the termination sections, and
substrate engagement sections which extend from the compliant
sections, the termination sections having folded over areas
provided proximate free ends, insulation displacement slots
provided in the folded over areas cooperate with the conductors;

the second connector having a housing with an upper surface

and an oppositely facing lower surface, contact-receiving enclosures
extend from the upper surface in a direction away from the lower
surface, the contact-receiving enclosures are dimensioned to receive
the free ends of the termination sections of the contacts and a portion
of the folded over areas therein, contact-receiving projections extend
from the lower surface in a direction away from the upper surface, slots
provided in the contact-receiving projections, the slots are dimensioned
to receive and retain a portion of the folded over areas of the
termination sections therein;

conductor-receiving conduits provided between the upper surface
and the lower surface, the conductor-receiving conduits are
dimensioned to receive a portion of the conductors therein, wherein the
conductors positioned in the conductor-receiving conduits extend
through the contact-receiving enclosures.

2. The wire harness assembly as recited in claim 1, wherein the compliant
sections extend at right angles from the termination sections.
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. The wire harness assembly as recited in claim 2, wherein embossments
extend from the termination sections to the compliant sections to provide
additional strength and stability between the termination sections and the

compliant sections.

. The wire harness assembly as recited in claim 3, wherein the substrate
engagement sections extend at right angles from the compliant sections.

. The wire harness assembly as recited in claim 4, wherein the substrate
engagement sections have curved contact sections which are configured
to be positioned in mechanical and electrical engagement with circuit pads
of a mating printed circuit board.

. The wire harness assembly as recited in claim 5, wherein embossments
are provided on the curved contact sections to provide additional strength

and stability to the curved contact sections.

. An electrical connector for use with a wire harness assembly, the electrical

connector comprising:

contacts provided on the electrical connector, the contacts
have termination sections which are mounted on the electrical
connector, compliant sections which extend from the termination
sections, and substrate engagement sections which extend from
the compliant sections, the termination sections having folded over
areas provided proximate free ends, insulation displacement slots
provided in the folded over areas cooperate with the conductors of
the wire harness assembly, the substrate engagement sections
having curved contact sections which are configured to be
positioned in mechanical and electrical engagement with circuit
pads of a mating printed circuit board, first embossments extend
from the termination sections to the compliant sections, second

embossments provided on the curved contact sections;
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a housing with an upper surface and an oppositely facing lower
surface, contact-receiving enclosures extend from the upper
surface in a direction away from the lower surface, the contact-
receiving enclosures dimensioned to receive portions of the
termination sections of the contacts, contact-receiving projections
extend from the lower surface in a direction away from the upper
surface, slots provided in the contact-receiving projections, the slots
are dimensioned to receive and retain a portion of the folded over
areas of the termination sections therein;

conductor-receiving conduits provided between the upper
surface and the lower surface, the conductor-receiving conduits
dimensioned to receive a portion of the conductors therein, wherein
the conductors positioned in the conductor-receiving conduits

extend through the contact-receiving enclosures.
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