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o (57) Abstract: A spring loaded electrical connector system includes a socket contact (14) with at least one biasing element (20).
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are arranged around the first axis (A) to define a passage with an open end (17). The biasing element (20) biases at least one of the
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A BIASED ELECTRICAL SOCKET CONTACT
AND A METHOD THEREOF

[0001] This application claims the benefit of U.S. Provisional Patent
Application Serial No. 60/467,428 filed May 2, 2003 which is herein incorporated

by reference in its entirety.

FIELD OF THE INVENTION
[0002] This invention generally relates to pin and socket connectors and,

more particularly, to a biased electrical socket contact and a method thereof.

BACKGROUND OF THE INVENTION
[0003] In socket contacts, there are mechanically non-active sections and
mechanically active sections. Typically, the mechanically non-active sections of
connectors are robust and provide guidance and holding support for a pin.
Mechanically active sections provide the contact normal force which is used to
create the interface between the pin and socket through which most of the current

is conducted.

[0004] The pin and socket connectors can be subjected to elevated
temperatures. Typically these elevated temperatures are the result of ambient
conditions, self-inflicted heat rise because of high operating power levels, or some

combination of both.

[0005] Unfortunately, these elevated temperatures can also cause the
connection between the pin and socket to break down because the mechanically
active sections of the connector lose their spring properties and thus automatically
lose the normal contact force necessary for low interface resistance. For example,
when the temperature in a connector made of copper alloys starts to go over 80
degrees Centigrade (C), the copper alloys lose their spring properties, and thus
automatically lose the normal contact force necessary for low interface resistance.
This problem becomes even worse with non-symmetrical slotted connectors, such

as those disclosed in U.S. Patent Application Serial No. 09/375,114 filed on
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August 16, 1999, for an Electrical Socket Contact with Tines which is herein

incorporated by reference in its entirety.

SUMMARY OF THE INVENTION
[0006] A connector system in accordance with embodiments of the present
invention includes a socket contact, at least one biasing element, and a pin contact.
The socket contact extends along a first axis and has a base and a plurality of tines
which extend out from the base and are arranged around the first axis to define a
passage with an open end The biasing element biases at least one of the plurality
of tines towards the first axis. The pin contact detachably engages in the passage

with the at least one of the plurality of tines biased by the biasing element.

[0007] A socket contact in accordance with embodiments of the present
invention includes a base a plurality of tines, and at least one biasing element.
The plurality of tines extend out from the base and are arranged to define a
passage with an open end. The biasing element biases at least one of the plurality

of tines towards the first axis.

[0008] A method for making a connector system in accordance with
embodiments of the present invention includes providing a socket contact which
extends along a first axis. The socket contact has a base and a plurality of tines
which extend out from the base and are arranged around the first axis to define a
passage with an open end. At least one of the plurality of tines is biased towards
the passage with at least one biasing element. A pin contact is provided which can
detachably engage in the passage with the at least one of the plurality of tines
biased by the biasing element.

[0009] A method for making a socket contact in accordance with
embodiments of the present invention includes providing a plurality of tines which
extend out from a base and are arranged to define a passage with an open end.
Biasing at least one of the plurality of tines towards the passage with at least one

biasing element.

[0010] The present invention provides a robust electrical connector system

which can maintain a high constant normal force at elevated temperatures. The
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present invention achieves this through the use of a biasing element which biases
at least one of the tines of a socket contact to engage and provide an electrically
conductive, sliding, interference fit with a pin contact. Additionally, the present
invention controls the application of the bias provided by the biasing element
through the use of a securing mechanism on the outer surface of at least one of the

tines of the socket contact.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] FIG. 1 is a side, perspective, cross-sectional view of an electrical

connector system in accordance with embodiments of the present invention;

[0012] FIG. 2 is perspective view of an electrical socket contact in the

electrical connector system;

[0013] FIG. 3 is side, cross-sectional view of the electrical socket contact;
[0014] FIG. 4 is an end, cross-sectional view of the electrical connector
system; and

[0015] FIG. 5 is an end, cross-sectional view of tines of the electrical

socket contact.

DETAILED DESCRIPTION
[0016] An electrical connector system 10 in accordance with embodiments
of the present invention is illustrated in FIG. 1. The electrical connector system
10 includes a spindle or electrical pin contact 12, an electrical socket contact 14,
and a spring element or spring 20, although the electrical connector system 10
may comprise other components, other numbers of the components, and other
combinations of the components which are connected together in other manners.
The present invention provides a robust electrical connector system 10 which can

maintain a high constant normal force at elevated temperatures.

[0017] Referring to FIGS. 1 and 4, the pin contact 12 has an outer shape
which is designed to engage in a passage 15 in the socket contact 14 and provide
an electrically conductive, sliding, interference fit. The pin contact 12 has a

substantially, circular, cross-sectional outer shape, although the pin contact could
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have other types of shapes, such as a square shape or a hexagon shape. The pin
contact 12 is made of a conductive material, such as copper, although other types

of conductive materials could be used for the pin contact 12.

[0018] Referring to FIGS. 1-5, the socket contact 14 has a plurality of
tines or portions 16(1)-16(4) which extend out from a base 18, although the socket
contact 14 may comprise other components, other numbers of the components,
and other combinations of the components which are connected together in other
manners. The tines 16(1)-16(4) are substantially parallel to an axis A-A which
extends through the socket contact 14, although the tines 16(1)-16(4) could have
other orientations, such as angled toward the axis A-A from the base 18. The
tines 16(1)-16(4) are arranged about the axis A-A to define the passage 15 with an
open end 17. The passage 15 has a substantially, circular, cross-sectional shape
with dimensions which are designed to mate with and provide an electrically
conductive, sliding, interference fit with the pin contact 12, although the passage
15 could have other types of shapes, such as a a square shape or a hexagon shape.
Although four tines 16(1)-16(4) are shown, the socket contact 14 can have greater

or fewer numbers of tines, with other shapes and in other arrangements.

[0019] Referring to FIGS. 2-3, measured along a general direction of the
axis A-A, the length of each of the tines 16(1) and 16(3) is substantially the same
and both are longer than the length of each of the tines 16(2) and 16(4), which are
also each substantially the same length, although the length of each of the tines
16(1)-16(4) can vary. Referring to FIGS. 2, 4, and 5, measured along a general
direction perpendicular to the axis A-A, the width of each of the tines 16(1) and
16(3) is substantially the same and both are wider than the width of each of the
tines 16(2) and 16(4), which are also each substantially the same width, although
the width of each of the tines 16(1)-16(4) can vary. By way of example only, in
this embodiment the length of times 16(1) and 16(3) is 0.675”, the width of tines
16(1) and 16(3) is 0.200”, the length of times 16(2) and 16(4) is 0.725”, the width
of tines 16(2) and 16(4) is 0.490”.

[0020] Referring to FIGS. 1-5 , the tines 16(1) and 16(3) are made to be
substantially rigid, while tines 16(2) and 16(4) are made to be substantially
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flexible, although other arrangements for which and for the amount of the rigidity
and flexibility of the tines 16(1)-16(4) can be used. The tines 16(1) and 16(3)
which are longer, wider, and substantially rigid, act as arc receiving tines which
engage and disengage the pin contact 12 in a make-first/break-last relationship.
The tines 16(1) and 16(3) provide robust guiding and holding for the pin contact
12 and an area for arcing during hot plugging. The tines 16(2) and 16(4), which
are shorter, narrower, and substantially flexible, are biased towards the axis A-A
and are used to engage with and provide an electrically conductive, sliding,

interference fit with the pin contact 12 when inserted in passage 15.

[0021] Referring to FIGS. 1-3, the base 18 of the socket contact 14 is
designed to be coupled to a conductor, such as a power line. The base 18 has a
substantially, circular, cross-sectional outer shape, although the base 18 could
have other types of shapes. The base 18 is also made of a conductive material,

such as copper, although other types of conductive materials could be used for the

base 18.

[0022] Referring to FIGS. 1- 4, and 5, an elliptical shaped, slot or groove
22 is used to secure the position of the spring element 20 on the tines 16(1)-16(4).
The groove 22 is formed along an outer surface of the times 16(1) and 16(3) of the
socket contact 14 so that spring 20 rests in the groove 22 in tines 16(1) and 16(3)
and against tines 16(2) and 16(4), although the groove 22 could be formed in other
locations and in other numbers of the tines, such as extending into all of the tines
16(1)-16(4). The groove 20 is located in a full-diameter section 21 of the tines
16(1)-16(4) near the open end 17 of the socket contact 14 and which is forward of
areduced or ”neck-down” section 23 of the tines 16(1)-16(4), although the groove
22 could be in other locations on times 16(1)-16(4). Additionally, although a
groove 22 is shown, other types of securing mechanisms for securing the position
of the spring element 20 on or against the socket contact 14 to bias the tines of

could be used.

[0023] Referring to FIGS. 1- 4, the spring element 20 is placed in the
elliptical groove 22 in the tines 16(1) and 16(3) and against tines 16(2) and 16(4)
near the open end 17 of the socket contact 14, although other types of biasing
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elements and other numbers of biasing elements could be used. The spring
element 20 biases the tines 16(2) and 16(4) towards the axis A-A to engage with
and provide an electrically conductive, sliding, interference fit with the pin contact
12 delivering the high normal force selectively only to the active tines 16(2) and
16(4), where it is mostly needed. With the spring element 20 secured in place in
the elliptical groove 22, the action points at the tines 16(2) and 16(4) where the
high normal force is needed can be controlled. The spring element 20 has a
substantially round outer shape and is made of steel, although the spring element
could have other shapes and could be made of other materials. The spring
element 20 is also a high temperature spring element which does not lose its
spring properties even above about 80 degrees C up to elevated temperatures of

about 135 degrees C.

[0024] Referring to FIGS. 1-5, a method for making the electrical
connector system 10 will be described. The plurality of tines 16(1)-16(4) are
formed in one end of the socket contact 14 extending from a base 18. As
described in greater detail earlier, the tines 16(1) and 16(3) are formed to be
longer and wider than the tines 16(2) and 16(4). Additionally, the tines 16(1) and
16(3) are formed to be substantially rigid and the tines 16(2) and 16(4) are formed
to be substantially flexible. The rigidity and flexibility of the tines 16(1)-16(4)
can be accomplished in a number of different manners, such as through the use of
different materials for the tines 16(1) and 16(3) than for the tines 16(2) and 16(4),
through adjustments in the respective length, width, and/or thickness of the tines
16(1) and 16(3) as compared against the tines 16(2) and 16(4), or though different
machining of the tines 16(2) and 16(4) to increase the flexibility of those tines.

[0025] Next, the groove 22 is formed in an outer surface of tines 16(1) and
16(3) to extend around the socket contact 14, although the groove could be formed
in other manners, such as in tines 16(1)-16(4) and other types of securing
mechanisms to position the spring 20 can be used. Once the groove 22 is formed,
the spring 20 is seated in the groove 22 to bias the tines 16(2) and 16(4) in a

direction towards axis A-A.
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[0026] A pin contact 12 having an outer shape which will mate with the
passage 15 and provide an electrically conductive, sliding, interference fit with the
socket contact 14 is formed. As described earlier, the pin contact 12 has a
substantially, circular, cross-sectional outer shape, although the pin contact could

have other types of shapes.

[0027] Referring to FIGS. 1-4, the operation of the electrical socket
connection 10 will be described. To form an electrical connection, the pin contact
12 is brought towards the opening 17 to the passage 15 in the socket contact 14.
The pin contact 12 first engages with the longer, wider, and substantially rigid
tines 16(1) and 16(3). As described earlier, the tines 16(1) and 16(3) provide

robust guiding and holding for the pin contact 12 and an area for arcing during hot

plugging.

[0028] As the pin contact 12 is pushed further into the passage 15 of the
socket contact 14, the pin contact 12 engages with the tines 16(2) and 16(4). The
tines 16(2) and 16(4) are biased by the spring 20 in a direction towards the axis A-
A. This engagement between the pin contact 12 and tines 16(2) and 16(4)
provides an electrically conductive, sliding, interference fit. With the spring 20,
the tines 16(2) and 16(4) do not lose their spring properties at elevated

temperatures as described earlier.

[0029] Accordingly, the present invention provides a robust electrical
connector system 10 which can maintain a high constant normal force at elevated
temperatures. In addition to being robust, the electrical connector system 10 is

relatively easy to manufacture.

[0030] Having thus described the basic concept of the invention, it will be
rather apparent to those skilled in the art that the foregoing detailed disclosure is
intended to be presented by way of example only, and is not limiting. Various
alterations, improvements, and modifications will occur and are intended to those
skilled in the art, though not expressly stated herein. These alterations,
improvements, and modifications are intended to be suggested hereby, and are

within the spirit and scope of the invention. Additionally, the recited order of
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processing elements or sequences, or the use of numbers, letters, or other
designations therefor, is not intended to limit the claimed processes to any order
except as may be specified in the claims. Accordingly, the invention is limited

only by the following claims and equivalents thereto.
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CLAIMS
What is claimed is:
1. A connector system comprising:

a socket contact which extends along a first axis, the socket
contact has a base and a plurality of tines which extend out from the base and are
arranged around the first axis to define a passage with an open end;

at least one biasing element that biases at least one of the
plurality of tines towards the first axis; and

a pin contact which can detachably engage in the passage

with the at least one of the plurality of tines biased by the biasing element.

2. The system as set forth in claim 1 wherein the socket
contact further comprises at least one securing mechanism which secures a

position of the biasing element on at least one of the plurality of tines.

3. The system as set forth in claim 2 wherein the securing
mechanism is at least one groove formed along an outer surface of at least one of
the plurality of tines, the at least one biasing element is seated in the at least one

groove.

4. The system as set forth in claim 1 wherein the at least one

of the plurality of tines biased by the biasing element is substantially flexible.

5. The system as set forth in claim 4 wherein the remaining
one or more of the plurality of tines which are not biased by the biasing element

are substantially rigid.

6. The system as set forth in claim 5 wherein the remaining
one or more of the plurality of tines which are not biased by the biasing element
have a greater length then the at least one of the plurality of tines biased by the

biasing element.
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7. The system as set forth in claim 5 wherein the remaining
one or more of the plurality of tines which are not biased by the biasing element
have a greater width then the at least one of the plurality of tines biased by the

biasing element.

8. The system as set forth in claim 1 wherein the biasing

element is a spring.

9. The system as set forth in claim 1 wherein the biasing

element maintains normal biasing properties up to about 135 degrees C.

10. A socket contact comprising:
a base;
a plurality of tines which extend out from the base and are
arranged to define a passage with an open end; and
at least one biasing element that biases at least one of the

plurality of tines towards the first axis.

11.  The contact as set forth in claim 10 further comprising at
least one securing mechanism which secures a position of the biasing element on

at least one of the plurality of tines.

12.  The contact as set forth in claim 11 wherein the securing
mechanism is at least one groove formed along an outer surface of at least one of
the plurality of tines, the at least one biasing element is seated in the at least one

£roove.

13. The contact as set forth in claim 10 wherein the at least one

of the plurality of tines biased by the biasing element is substantially flexible.

14.  The contact as set forth in claim 13 wherein the remaining
one or more of the plurality of tines which are not biased by the biasing element

are substantially rigid.
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15.  The contact as set forth in claim 14 wherein the remaining
one or more of the plurality of tines which are not biased by the biasing element
have a greater length then the at least one of the plurality of tines biased by the

biasing element.

16.  The contact as set forth in claim 14 wherein the remaining
one or more of the plurality of tines which are not biased by the biasing element
have a greater width then the at least one of the plurality of tines biased by the

biasing element.

17.  The contact as set forth in claim 10 wherein the biasing

element is a spring.

18.  The contact as set forth in claim 10 wherein the biasing

element maintains normal biasing properties up to about 135 degrees C.

19. A method for making a connector system, the method

comprising:

providing a socket contact which extends along a first axis,
the socket contact has a base and a plurality of tines which extend out from the
base and are arranged around the first axis to define a passage with an open end;

biasing at least one of the plurality of tines towards the
passage with at least one biasing element; and

providing a pin contact which can detachably engage in the

passage with the at least one of the plurality of tines biased by the biasing element.

20.  The method as set forth in claim 19 wherein the socket
contact further comprises securing a position of the biasing element on at least one

of the plurality of tines with a securing mechanism.

21.  The method as set forth in claim 20 wherein the securing

mechanism is at least one groove formed along an outer surface of at least one of
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the plurality of tines, the at least one biasing element is seated in the at least one

groove.

22. The method as set forth in claim 19 wherein the at least one

of the plurality of tines biased by the biasing element is substantially flexible.

23.  Themethod as set forth in claim 22 wherein the remaining
one or more of the plurality of tines which are not biased by the biasing element

are substantially rigid.

24.  The method as set forth in claim 23 wherein the remaining
one or more of the plurality of tines which are not biased by the biasing element
have a greater length then the at least one of the plurality of tines biased by the

biasing element.

25.  The method as set forth in claim 23 wherein the remaining
one or more of the plurality of tines which are not biased by the biasing element
have a greater width then the at least one of the plurality of tines biased by the

biasing element.

26.  The method as set forth in claim 19 wherein the biasing

element is a spring.

27.  The method as set forth in claim 19 wherein the biasing

element maintains normal biasing properties up to about 135 degrees C.

28. A method for making a socket contact, the method
comprising:
providing a plurality of tines which extend out from a base
and are arranged to define a passage with an open end; and
biasing at least one of the plurality of tines towards the

passage with at least one biasing element.
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29.  The method as set forth in claim 28 further comprising
securing a position of the biasing element on at least one of the plurality of tines

with at least one securing mechanism.

30.  The method as set forth in claim 29 wherein the securing
mechanism is at least one groove formed along an outer surface of at least one of
the plurality of tines, the at least one biasing element is seated in the at least one

groove.

31. The method as set forth in claim 28 wherein the at least one

of the plurality of tines biased by the biasing element is substantially flexible.

32.  The method as set forth in claim 31 wherein the remaining
one or more of the plurality of tines which are not biased by the biasing element

are substantially rigid.

33.  Themethod as set forth in claim 32 wherein the remaining
one or more of the plurality of tines which are not biased by the biasing element
have a greater length then the at least one of the plurality of tines biased by the

biasing element.

34.  The method as set forth in claim 32 wherein the remaining
one or more of the plurality of tines which are not biased by the biasing element
have a greater width then the at least one of the plurality of tines biased by the

biasing element.

35.  The method as set forth in claim 28 wherein the biasing

element is a spring.

36.  The method as set forth in claim 28 wherein the biasing

element maintains normal biasing properties up to about 135 degrees C.
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