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CONNECTOR, CIRCUIT BOARD CONTACT ELEMENT
AND RETENTION PORTION

1. Field of the Invention.
This invention relates to circuit board contact
elements and retention sections thereof which are for

10 mounting in holes in connector housings, specifically
header housings.

2. Description of Related Art.
Electrical contacts, otherwise referered to as

s terminals, contact elements or pins, are used in the

15 electronics industry in conjunction with printed circuit
{(PC) boards and panel boards for making electrical
connections between, and among, circuits.

A plurality of the contacts are frequently
mounted in an insulative connector housing with one end of

20 contacts extending from the connector housing for making
mechanical and electrical contact with a conductive path on
the PC board. The other end of the contacts typically
extent through holes in the connector housing for
mechanical and electrical connection with contacts in a

25 mating connector.

In a high pin count (HPC) header which is a
commercially available male connector, contacts or wire
pins having a 0.025 inch square cross section are staked in
round holes in a plastic housing. Retention of the pins in

30 the housing is achieved by an interference fit between

' corners of the square pin and the round hole in the
housing. The pins are made from phosphor bronze and plated
with gold over nickel under plating. The housing is made
from polyetheremide resin. During the staking process,

35 slivers of plated coatings are formed due to scraping on
the pin corners. These slivers present a potential for
electrical short. As such, these slivers are removed by
brushing, blowing and/or washing operations at added cost.
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Thi s Hi K a“ ET‘T {es to circuit board contact ele- nents and retention

§ecti% ch are for
It is an object of this invention to provide a
retention portion of an electrical contact element that
‘ substantilaly does not produce slivers when staked in a
hole through a connector housing.

Further, it is an object of this invention to
provide a retention portion of an electrical contact
element that substantially does not produce slivers when
staked in a hole through a header housing.

Further, it is an object of this invention to
10 provide a retention portion of an electrical contact

element that substantially does not produce slivers when
staked in a hole through a header housing made of a high
temperature resin.

-

15 SUMMARY OF THE INVENTION
The invention is directed to a retention portion
of an electrical contact element for mechanical connection
in a hole through a connector housing comprising:
a plurality of opposed upsets of progressively
20 different sizes,
whereby when the element is inserted into the
hole such that only the upsets come in contact with a wall
of the hole when inserted therein, the offsets provide an
incremental interference with the hole during insertion
25 while substantially preventing sliver formation.
The invention is further directed to an
electrical contact element for mechanical connection in a
hole through a connector housing comprising:
a force receiving end portion;
30 an insertion end portion; and
a retention section between the force receiving
end portion and the insertion end portion, the retention’
section including a plurality of opposed upsets of
progressively different sizes, '
35 whereby when the insertion end portion is
inserted into the hole such that only the upsets come in
. contact with a wall of the hole when inserted therein, the
offsets provide an incremental interference with the hole
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0 i n hol es in connector housings, specifically header housings. 2.
grption of Related Art. El ectrical contacts, otherw se referered
fs term - nal s, contg&? epents .or |ns are used |s the el ectron- ics

; t el
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;' maki ng ?b gpaticml connec- tions between, and ampbng, circuits. A
ral ity of "the contggts are frequentLy rpunted ine oy ¢o an
electrical connector comprising:
a housing having a plurality of hole arranged in
rows and columns;
an electrical contact element for mechanical
connection in each one of the holes, each one of the
electrical contact elements comprising:
10 a force receiving end portion;
an insertion end portion; and
g a retention section between the force receiving
end portion and the insertion end portion, the retention
section including a plurality of opposed upsets of
15 progressively different sizes,
whereby when the insertion end portion is
Eo inserted into the hole such that only the upsets come in
contact with a wall of the hole when inserted therein, the
offsets provide an incremental interference with the hole
20 during insertion while substantially preventing sliver
formation.

BRIEE DESCRIPTION OF THE DRAWINGS
The invention can be more fully understood from
25 the following detailed description thereof in connection
with accompanying drawings which form a part of this
application and in which:

Figure 1 is a front side view of an electrical
contact element for mechanical connection in a hole through

30 a connector housing in accordance with the present
invention.

Figure 2 is a right side view of the electrical
contact element of Figure 1 taken on the line 2-2 in the
direction of the arrows.

35 Figure 3 is an enlarged front side view of a
retention portion of the electrical contact element in
circle 3 of Figure 1.
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gEcti ve connector housing with onegend of con- tacts ext#ﬂ‘ﬂ"mﬂmkmﬂﬂ I'
pennect or housi ng for making mechani cal and el ectrical con
Mluct i ve path on the PC board. The other end of the contacts typically
eftent through holes in the connector housing for ne- chanlcal and
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cdntacts or ‘Wre |nsfh?¥ 0 025 inch square cross section are staked
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Figure 5 is a cross sectional view of the
5 electrical contact element of Figure 1 taken on the line 5-
5 in the direction of the arrows.
Figure 6 is a schematic representation of a
preferred embodiment of an oblong hole through a connector
_ housing for receiving the electrical contact element of
: 10 Figure 1.
Figure 7 a top side view of a header having a
plurality of the electrical contact elements of the present
invention staked in oblong holes through the header

housing.

15 Figure 8 a right side view of the header of
Figure 7 taken on the line 8-8 in the direction of the
arrows.

Figure 9 a cross sectional view of the header of
Figure 7 taken on the line 9-39 in the direction of the
20 arrows. '

DRESCRIPTION OF THE PREFERRED EMBODIMENT(S)

Throughout the following detailed description,
similar reference characters refer to similar elements in

25 all figures of the drawings.

Referring to Figure 1, there is illustrated a
front side view of an electrical contact element 10 for
nmechanical connection in a hole through a connector housing
in accordance with the present invention. Figure 2 is a

30 right side view of the electrical contact element 10 of
Figure 1 taken on the line 2-2 in the direction of the
arrows.

' The electrical contact element 10 comprises a
force receiving end portion 12, an insertion end portion 14

35 and a retention portion 16 between the force receiving end
portion 12 and the insertion end portion 14. The
electrical contact element 10 may optionally, but does not
have to, have a compliant portion 18 for forcing into a
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'housing is achieved by an interfergnce fit between

plated hole through a printed circuit board. The compliant
portion 18 can be a press-fit section for creating an
interference fit between the contact element 10 in a hole
without the need for additional fastening means, such as,
soldering. Illustrative press-fit sections that can be
used for the compliant section 18 include those disclosed
in U.S. Patent 4,274,699 or 4,728,164. Alternatively, the
compliant portion 18 can be designed so as to require
additional fastening means, such as, soldering. One such
compliant section may be a star section.

The force receiving end portion 12 and the
insertion end portion 14 preferably have a square cross
section, except at distal ends 20. Further, the force
receiving end portion 12 and the insertion end portion 14
may have square or rounded corners 22, Square corners 22
are illustated in Figure 5 which discloses a cross
sectional view of the electrical contact element 10 of
Figure 1 taken on the line 5-5 in the direction of the
arrows.

The force receiving end portion 12 and the
insertion end portion 14, thus, comprise a first
substantially flat side 24, a second substantially flat
side 26, a third substantially flat side 28, and a fourth
substantially flat side 30. The first side 24 and the
third side 28 are substantially parallel to one another.
The second side 26 and the fourth side 30 are substantially
parallel to one another. The first side 24 and the third
side 28 are substantially perpendicular to the second side
26 and the fourth side 30.

The electrical contact element 10 has a
longitudinal axis 32. The element 10 is symmetric or
substantially symmetric about the longitudinal axis 32.

The element 10 has a first mid-plane that contains the
longitudinal axis 32 and bisects the element 10 between the
first side 24 and the third side 28, The first mid-plane
is, thus, parallel to the first side 24 and the third side
28. The element 10 is symmetric or substantially symmetric
about the first mid-plane. The element 10 has a second

P OO O O
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of the square pin and the round fgole in the hous- ing. The pins are
rom phosphor bronze and plat- ed with gold over nickel under plating.
housing is nade from pol yetherem de resin. During the staking process,
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the second side 26 and the fourth side 30. The element 10
5 4is symmetric or substantially symmetric about the second
mid-plane.

The distal ends 20 can be shaped like truncated
pyramids having four inclined surfaces 34 which slope
towards the longitudinal axis 32 of the electrical contact

10 element 10 and intersect or terminate at a substantially
flat end surface 36.

The force receiving end portion 12 and/or the
insertion end portion 14 of the electrical contact element
10 can have different lengths depending on their intended

15 uses. This is illustrated in Figure 1 by depicting
alternate positions 20' and 20" of one of the force
receiving end portion distal end 34.

Figure 3 is an enlarged front side view of the

retention portion 16 of the electrical contact element 10

20 in circle 3 of Figure 1. Figure 4 is an enlarged right
side view of the retention portion 16 of the electrical
contact element 10 in circle 4 of Figure 2.

Referring in particular to Figure 3, the

retention portion 16 comprises a plurality of opposed
25 upsets 40 of progressively different sizes. Multiple pairs
of upsets 40 provide retention and stability of the element
10 in a housing. Preferably, the retention portion 16 has
at least three pairs of the opposed upsets 40. The
embodiment illustrated in the drawings has a first
30 insertion pair 42 of the opposed upsets 40, a second
insertion pair 44 of the opposed upsets 40, a third
insertion pair 46 of the opposed upsets 40, and a fourth
; insertion pair 48 of the opposed upsets 40. The first pair
1 42 is the closest to the insertion end portion 14. The
35 second pair 44 is the next or second closest to the
insertion end portion 14. The third pair 46 is the third
Closest to the insertion end portion 14. The fourth pair
48 is the fourth closest to the insertion end portion 14.

e
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nalntalnlng48 of the opposed upsets 40. The second pair 44 has a
s second distance between its distal tips 50 that is sightly
longer than the first distance, but is shorter than the
distance between distal tips 50 of the third pair 46 and
fourth pair 48 of the opposed upsets 40. The third pair 46
has a third distance between its distal tips 50 that is
10 sightly longer than the second distance, but is shorter
than the distance between distal tips S0 of the fourth pair
48 of the opposed upsets 40, The fourth pair 48 has a
fourth distance between its distal tips 50 that is sightly
longer than the third distance. 1In other words, the
15 distance between distal tips 50 of the upsets 40 in the
pairs of upsets 40 incrementally increases from the
insertion end portion 14 to the force receiving portion 12.
A central portion 52 of the first side 24 and’
the third side 28 extends between the upsets 40 in each of
20 the pairs of upsets 40. Each one of the central portions
52 has two shoulders 54. The shoulders 54 are generally
parallel to the second side 26 and the fourth side 30.
Each shoulder 54 extends between one edge of the central
portions 52 and one of the upsets 40.
25 Referring to Figures 3 and 4, each one of the
upsets 40 preferably comprises a pair of bumps or
{  projections 60. Each one of the bumps or projections 60
can be described as having a first surface 62, a second
surface 64 and a third surface 66. Preferably, the first
30 surfaces 62 and the second surfaces 64 are flat or
substantially flat. Preferably, the third surfaces 66 are
curved or dome-like. ' '
The first surfaces 62 and the second surfaces 64
are connected perpendicular or substantially perpendicular
¥ to the shoulders 54. The first surfaces 62 are also
connected to the second surfaces 64 and the third surfaces
66. The second surfaces 64 are connected to the first
Surfaces 62 and third surfaces 66. The third surfaces 66
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4, the third surfaces 66 are extending up from the second
side 26 in a curved or dome-like fashion to meet with the
upper edges of the first surfaces 62 and the second

surfaces 64.

Edges of the surfaces or intersections

between the surfaces and the other surfaces, sides or
shoulders can be rounded or angular.

An intermediate strip 7

0 of the second side 26

and the fourth side 30 can optiocnally extend between the

pairs of projections €0.

A lateral strip 72 of the second

side 26 and the fourth side 30 can optionally extend
between each pair of the projections 60. ' In the embodiment

illustrated in Figures 3 and 4, the lateral strips 72 have
faces 74 extending to the shoulders 54.

Each one of the first surfaces 62 of the four
projections 60 in the first pair 42 of upsets 40 has a
first edge that intersects with an edge portion 56 of the
first side 24 and the third side 28. As seen in Figure 3,
the first side 24 has two edge portions 56. Similarly, the
third side 28 has two edge portions 56. Each one of the
four first surfaces 62 of the upsets 40 in the first pair
42 incline or slope away from a respective one of the edge
portions 56 towards, and at a first angle with respect to,
the first mid-plane. Each one of
62 of the upsets 40 in the first pair 42 have a second edge
that intersects a first edge of the second surfaces 64.
Each one of the second surfaces 64 of the upsets
40 in the first pair 42 incline or slope away from the
first surfaces 62 and the first mid-plane at a second angle
with respect to the first mid-plane. Preferably, the
second angle is less than the first angle. The second
surfaces 64 may even be pa:aliel to the first mid-plane.
Each one of the second surfaces 64 of the upsets 40 in the
first pair 42 intersects in a curved or rounded fashion one
of the faces 74 of the lateral strips 72 between the first
Pair of projections 60 and the second pair of projections

60.

the four first surfaces
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Each one of the four third surfaces 66 of the
upsets 40 in the first pair 42 connect to distal edges of
the first surfaces 62 and the second surfaces 64. Each one
of the third surfaces 64 extends in a curved or globe-like
fashion and intersects either the second side 26 or the
fourth side 30 in a curved line.

The other projections 60 in the second, third
and fourth pair of upsets 40 are configured like the
aforedesdescribed projections 60 in the first pair 42 of
upsets 40. However, the first edge of the first surfaces
62 in the projections 60 in the second, third and fourth
pair of upsets 40 intersect one of the faces 74, rather
than the edge portion 56. Further, the second surfaces 64
of the projections 60 in the fourth pair 48 of upsets 40
connect to a ledge 58, rather than the face 74. There are
four ledges 58, Each one of the ledges 58 is defined by
one of the the second surfaces 64 of the projections 60 in
the fourth pair 48 of upsets 40, one of the four shoulders
54, either the first side 24 or the third side 28, and
either the second side 26 or the fourth side 30.

The opposed upsets 40 are made by squeezing or
pinching the edge portions 56 of the first side 24 and the
third side 28 towards one another.

The contact elements 10 of the present invention
can be made from any suitable metal used for electrical
terminals, such as brass, phosphor bronze, beryllium copper
and the like. The contact elements 10 may be plated or
coated with one or more conductive layer, such as tin,
nickel, pladium, gold, silver or a suitable alloy.

The retention portion 16 is for staking in and
mechanical connection to a hole 80 through a connector
housing. Figure 6 is a schematic representation of a
preferred embodiment of a substantially oblong hole 80
through a connector housing for receiving the electrical
contact element of Figure 1. The substantially oblong hole
80 has two opposed flat and parallel walls 82, The flat
walls 82 are connected by cylindrical or curved walls 84
which can be parts of a same cylinder 86. Preferably, only




e 3 is an enlarged front side viewgp§ a retention portion of the

el &trical contact elenent in circle 3 of Fig- ure 1. Figure 4 is an

gnliarged right side view of the reten- tion portion of the electrical

contact elew%e Qé@éﬂéfgnFégf%ion 9% & contacts the hole wall(s) 82, 84
in the housing. This is accomplished by inserting the
element 10 into the substantially oblong hole 80 such that
only the upsets 40 contact the flat walls 82 in the hole

5 geometry depicted in Figqure 6 . This provides clearance
between the element 10 and the housing which avoids
scraping corners 22 of the element 10 on the housing and
eliminates or significantly reduces sliver formation. This
hole geometry is also better for injection molding of the

10 housing than round or square holes.

Figure 7 a top side view of a connector housing

and, specifically, a header housing for receiving a
plurality of the electrical contact elements 10 of the
present invention staked in oblong holes 80 through the

15 header housing 90. Figure 8 a right side view of a
connector and, more specifically, a header 100 comprising a
plurality of the electrical contact elements 10 of Figure 1
in the header housing 90 of Figure 7 taken on the line 8-8
in the direction of the arrows. In Figure 8, a portion of

20 the housing 90 has been broken away to clearly show columns
of the insertion end portions 14 of the electrical contact
elements 10, Figure 9 a cross sectional view of the header
housing 90 of Figure 7 taken on the line 9-9 in the
direction of the arrows combined with the electrical

25 contact elements 10 of Figure 1. Figure 9 illustrates four
rows of the the electrical contact elements 10 in the
housing 90.

Preferably, the housing 90 is made of or from a

high temperature resin, such as, polyphenylene sulfide
30 resin.

Those skilled in the art, having the benefit of
the teachings of the present invention as hereinabove set
forth,'can effect numerous modifications thereto. These
modifications are to be construed as being encompassed
within the scope of the present invention as set forth in
the appended claims.

3
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5 1. A retention portion of an electrical contact element
for mechanical connection in a hole through a connector
housing comprising:

a plurality of opposed upsets of progressively
10 different sizes,

whereby when the element is inserted into the
hole such that only the upsets come in contact with a wall
of the hole when inserted therein, the offsets provide an
15 incremental interference with the hole during insertion
while substantially preventing sliver formation.

2. The retention portion of Claim 1, wherein the hole is
substantially oblong.

20
3. The element of Claim 2, wherein the hole has two
opposed flat sides.
4. The retention portion of Claim 1, wherein:
25
there are at least three pairs of opposed
Y upsets; and

a distance between distal tips of the upsets in
30 the pairs of opposed upsets incrementally increases from
one end of the retention portion to another end of the
retention portion.

5. The retention portion of Claim 1, wherein each one of
35 the upsets comprises:

\_
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header of Fig- ure 7 taken on the line 9-9 in the directiofi of the %rrows.
DESCRI PTI ON OF THE PREFERRE Thr oughout the fol | ow ng
detail ed description, s¥rR2 ?é? rﬁﬁégéﬁﬁ§?Qﬂni réi &erth® sinilar

el enents in Pdofeanicars daving & H4irsys surface, a second surface and a
third surface.

5 6. The retention portion of Claim 5, further comprising:

a first side baving a mid-portion and edge
portions, a second side having an intermediate strip, a
third side having a mid-portion and edge portions and a
10 fourth side having an intermediate strip;

shoulders extending from the mid-portions of the
first and third sides;

15 the first and second surfaces connected
perpendicular or substgntially perpendicular to the
shoulders; and

the third surfaces being dome shaped and
20 connected between the first surfaces, the second surfaces
and either the intermediate strip of the second side or the
intermediate strip of the fourth side.

7. The retention portion of Claim 6, wherein:

25 .
+ the first surfaces of a first insertion pair of

" the opposed upsets have first edges that intersect with the
edge portions of the first and third sides; and

30 the second surfaces of a last insertion pair of
the opposed upsets connect to ledges, the ledges defined by
one of the the second surfaces of the projections in the’
last insertion pair of opposed upsets, one of the
shoulders, either the first side or the third side, and

3§ either the second side or the fourth side.
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the second side and the fourth side further have
lateral strips which extend between each pair of the
projections; and

faces connect the lateral strips to the
shoulders. '

9. The retention portion of Claim 8, wherein:

the first surfaces of any pair of the opposed
upsets between the first insertion pair of the opposed
upsets and the last insertion pair of the opposed upsets
have first edges that intersect with the faces;

the second surfaces of all pairs of the opposed
upsets, except the last insertion pair of the opposed
upsets, have second edges that intersect with the faces;
and

the second surfaces of a last insertion pair of
the opposed upsets connect to ledges, the ledges defined by
one of the the second surfaces of the projections in the
last insertion pair of opposed upsets, one of the
shoulders, either the first side or the third side, and
either the second side or the fourth side.

10. An electrical contact element for mechanich
connection in a hole through a connector housing
comprising:

a force receiving end portion;

an insertion end portion; and

a retention section between the force receiving
end portion and the insertion end portion, the retention

section including a plurality of opposed upsets of
progressively different sizes,
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de view of the electrical contact d4nent 10 mﬂﬁ“ﬂ u E& on the
2-2 in the direction of the arrows. The eIe « el ement
nprises a force receiving end portion 12, an i nsértfon end portion 14

retention portion 16 between the force rece|V|ng end portion 12 and

the 1 nsertion end porti n 14 T e ek Ct&l %i contgct el ni 10 may
optionally, but does n € insertion end portion is

inserted into the hole such that only the upsets come in
contact with a wall of the hole when inserted therein, the

5 offsets provide an incremental interference with the hole
during insertion while substantially preventing sliver
formation.

11. The electrical contact element of Claim 10, wherein

10 the element comprises a pin having a substantially square
cross section and the upsets extend only beyond two opposed
sides of the pin.

12. The electrical contact element of Claim 10, wherein
i5 the hole has two opposed flat sides.

L]

13. The electrical contact element of Claim 12, wherein
the hole has two opposed flat sides.

20 14. The electrical contact element of Claim 10, wherein:

there are at least three pairs of opposed
upsets; and

the pairs of opposed upsets incrementally increases from
one end of the retention portion to another end of the
retention portion.

* r) a distance between distal tips of the upsets in

30 15. The electrical contact element of Claim 10, wherein
each one of the upsets comprises:

a pair of projections, each one of the
projections having a first surface, a second surface and a
% third surface.

16. The electrical contact element of Claim 15, further
comprising: = R
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a conpliant portion 18 for forC|ng}%nto a plated hole through a
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conpliant sect i@ ridhs il Qaaiii&fg %eﬁi'dlﬁortion and edge portions and a
5 fourth side having an intermediate strip;

shoulders extending from the mid-portions of the
first and third sides;

10 the first and second surfaces connected
perpendicular or substantially perpendicular to the
shoulders; and

the third surfaces being dome shaped and

15 connected between the first surfaces, the second surfaces
and either the intermediate strip of the second side or the
intermediate strip of the fourth side.

17. The electrical contact element of Claim 16, wherein:
20
the first surfaces of a first insertion pair of
the opposed upsets have first edges that intersect with the
edge portions of the first and third sides; and

the opposed upsets connect to ledges, the ledges defined by
one of the the second surfaces of the projections in the
last insertion pair of opposed upsets, one of the
shoulders, either the first side or the third side, and

30 either the second side or the fourth side.

* 25 the second surfaces of a last insertion pair of

18. The electrical contact element of Claim 16, wherein:

the second side and the fourth side further have
35 lateral strips which extend between each pai: of the
projections; and

-
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rce receiving end portion 12 and thé insertion end \gﬂ“ ““ &““
pr rably have a square cross section, except at distal g“ﬂ“‘ *
tihe Yorce receiving end portion 12 and the insertion end porti‘on*14 may
have square or rounded e r S.22..are illustated in
Figure 5 which disclosgggégc%%géggggﬁggngﬁeégigv%ﬁg*?ﬁfiﬁeﬁﬁ?icaI cont act
el ement 10 oshguldersd tak- en on the line 5-5 in the direction of the
arrows. The force receiving end portion 12 and the insertion end
portion 14, thus, conprise a first substantially flat side 24, a second
subst anti al 138§ | aThej gkecterical (fontagt-element of Claim 18, wherein:

5
the first surfaces of any pair of the opposed
upsets between the first insertion pair of the opposed
upsets and the last insertion pair of the opposed upsets
have first edges that intersect with the faces;
10

the second surfaces of all pairs of the opposed
upsets, except the last insertion pair of the opposed
upsets, have second edges that intersect with the faces;

"# and
15
the second surfaces of a last insertion pair of

the opposed upsets connect to ledges, the ledges defined by
one of the the second surfaces of the projections in the
last insertion pair of opposed upsets, one of the

20 shoulders, either the first side or the third side, and
either the second side or the fourth side.

20. An electrical connector comprising:

i 25 a housing having a plurality of hole arranged in
* rows and columns;
an electrical contact element for mechanical
connection in each one of the holes, each one of the
30 electrical contact elements comprising:

a force receiving end portion;

an insertion end portion; and
35

a retention section between the force receiving
end portion and the insertion end portion, the retention

————
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y flat side 28, and a fourth subsiqantially flat, & ﬁm‘mmwst
si de nd the third side 28 are substan- tially para!l%&“ m X 1Ne
The s nd side 26 and the fourth side 30 are substantia 6 paral!%:lto one
an- otfg@r. The first side 24 and the third side 28 are substan- tially
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progressively different sizes,

whereby when the insertion end portion is
5 inserted into the hole such that only the upsets come in
contact with a wall of the hole when inserted therein, the
offsets provide an incremental interference with the hole

during insertion while substantially preventing sliver
formation.

10
21. The electrical connector of Claim 20, wherein the
connector is a header.

22. The electrical connector of Claim 20, wherein the
15 housing is made from polyphenylene sulfide resin.
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trical contact elenent 10 has a Ib%gitudinal axis 32. The el enent

10 nmretric or substantially symetric about the |ongitudinal axis 32.
The ment 10 has a first m d-plane that contains the |ongitudinal axis 32
and bigects the elenment 10 between the first side EL-43522

TITLE OF THE INVENTION
CONNECTOR, CIRCUIT BOARD CONTACT ELEMENT
AND RETENTION PORTION

ABSTRACT OF THE DISCLOSURE

The present invention relates to circuit board
contact elements and compliant sections thereof which are
mounted in plated-through holes in printed circuit boards,

10 generally in conjunction with a plastic header or other
electrical connectors.
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e third side 28. The first md-plane is, thus, parallel to the
de 24 and the third side 28. The el enent 10 s&ytrmeBém(Re

subs ially symmetric about the first md-plane. as a

seconO@n d- pl ane that contains the |ongitudinal axis m ts t he
el emeny§ 10 between the second side 26 ag&j ge fourth The second
m d-pl dne is, thus, par- allel to the s si de 26 andthefourth si de

30. The elenment 10 is symetric, or substantially sy tric about the second
m d- pl ane. The di st IeGi 10 can be shaped Ilkgvﬁ' é pyr -
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ving four inclined surfaces 34 which slope to- wards the

dinal axis 32 of the electrical contact elenent 10 and intersect or
te at a substantially flat end surface 36. nggggng fedl Vi ng
tion 12 and/or the inser- tion end portion iﬂl ca
contac{ el ement 10 can have different | @dt8s depend| ﬁ 1‘ tended
uses. This is illustrated in Figure 1 by depicting al ons 20
and 20"of one of the force receiving end portion distal end 34 Fi gure
3 is an enlarged front side view of the reten-
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tion rtion 16 of the electrical contact elenent 10 in circle 3.of Fi gure
1. Figlire 4 is an enlarged right side view of the retention portlon

the electrical contact element 10 in circle 4 of Fi gur@hlszsmetﬂas ng in
particular to Figure 3, the retention por- tion 16 corrpr. ' ty of
opposed upsets 40 of progressively different sizes. IVUIti '

upsets 40 provide retention and st abil i35/e t he el enent 10 in a hou5| ng.
Preferably, the retention portion 16 has at | east
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1. Field of the Invention. b e ARCEIPT . e[t
This invention relates to circult board contact
elements and retention sections thereof which are for

) o REPLACEMEN
mounting in holes in connector housings, specifically et
header housings. = 24 SEP
2. Description of Related Art. T

Electrical contacts, otherwise referered to as -
terminals, contact elements or pins, are used in the T
electronics industry in conjunction with printed circuit

(PC) boards and panel boards for making electrical

connections between, and among, circuits.

A plurality of the contacts are frequently
mounted in an insulative connector housing with one end of
contacts extending from the connettor housing for making
mechanical and electrical contact with a conductive path on
the PC board. The other end of the contacts typically
extent through holes in the connector housing for
mechanical and electrical connection with contacts in a
mating connector.

In a high pin count (HPC) header which is a
commercially available male connector, contacts or wire
pins having a 0.025 inch square cross section aie staked in
round holes in a plastic housing. Retention of the pins in
the housing is achieved by an interference fit between
corners of the square pin and the round hole in the
housing. The pins are made from phosphor bronze and plated
with gold over nickel under plating. The housing is made
from polyetheremide resin. During the staking process,
siivers of plated coatings are formed due to scraping on
the pin corners. These slivers present a potential for
electrical short. As such, these slivers are removed by
brushing, blowing and/or washing operations at added cost., |
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t he opposed upsets #0 nd inserition pair 44 of _the opposed s 40,
a thi Irog inserltoi on ppir iésgﬁ%t??&éo I posed upsets 40:nm st as B a2

i nsertion pair 48 o e._qpposed ugsets 40. The fi rstJ n} m

cl osest to the insertion end portionijl4d. The second pai ext or
second cl osest to t ' i ort2on 14. The third pair 46 is the
third closest to the insertion end por- tion 14. The fourth pair 48 is the
fourth closest to the Ehséstannokejettpaertt itdvisldnventiFhetdipsevindd ra 42 has a
first distancg.BREVEENpbESIdH 1 bl o1bBErP0aYislt At S AR the

di stance between
substantilaly does not produce slivers when staked in a

hole through a connector housing.

Further, it is an object of this invention to
provide a retention portion of an electrical contact
element that substantially does not produce slivers when
staked in a hole through a header housing.

Further, it is an object of this invention to
provide a retention portion of an electrical contact
element that substantially does not produce slivers when
staked in a hole through a header housing made of a high
temperature resin.

SUMMARY OF THE INVENTION

The invention is directed to a retention portion
of an electrical contact element for mechanical connection
in a hole through a connector housing comprising:

a plurality of opposed upsets of progressively
different sizes,

whereby when the element is inserted into the
hole such that only the upsets come in contact with a wall
of the hole when inserted therein, the offsets provide an
incremental interference with the hole during insertion
while substantially preventing sliver formation.

The invention is further directed to an
electrical contact element for mechanical connection in a
hole through a connector housing comprising:

a force receiving end portion;

an insertion end portion; and

a retention section between the force receiving
end portion and the insertion end portion, the retention’
section including a plurality of opposed upsets of
progressively different sizes, '

whereby when the insertion end portion is
inserted into the hole such that only the upsets come in
contact with a wall of the hole when inserted therein, the

offsets provide an incremental interference with the hole



distal tips 50 of all the other pairs 44, 46, and 48 of the opposed upsets
40. The second pair 44 has a second distance between its distal tips 50
that is sightly longer than the first distance, but is shorter than the

di stance between distal tips 50 of the third pair 46 and fourth pair 48 of
t he opposed upsets 40. The third pair 46 has a third di stance between its
distal tips 50 that is sightly |onger than the second di stance, but is

shorter than the distance between distal tjps 50 of the fourth gair 48 of
the opposed dpsire Upertions yhitn pupstamt il va BEGYeEn: 130 f3h¥& bet ween its

distal tips pOrhdeiod.s sightly |onger

The invention is further directed to an
electrical connector comprising:

a housing having a plurality of hole arranged in
rows and columns;

an electrical contact element for mechanical
connection in each one of the holes, each one of the
electrical contact elements comprising:

a force receiving end portion;

an insertion end portion; and

a retention section between the force receiving
end portion and the insertion end portion, the retention
section including a plurality of opposed upsets of
progressively different sizes,

whereby when the insertion end portion is
inserted into the hole such that only the upsets come in
cbntact with a wall of the hole when inserted therein, the
offsets provide an incremental interference with the hole
during insertion while substantially preventing sliver

formation.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be more fully understood from
the following detailed description thereof in connection
with accompanying drawings which form a part of this
application and in which: .

Figure 1 is a front side view of an electrical
contact element for mechanical connection in a hole through
a connector housing in accordance with the present
invention.

Figure 2 1s a right side view of-the electrical
contact element of Figure 1 taken on the line 2-2 in the
direction of the arrows. _

Figure 3 is an enlarged front side view of a

retention portion of the ele Eg?n act element in

~EPLAGEMENT 37 ment
cet Has Been RTlaced
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circle 3 of Figure 1.



than the third dlsﬁgnce T Ot hH rds, the distance behissuREis Bohir@biaded PS
50 of the upsets 4G in th 55 offt upsets 40 i ncrenental rom
the insertion end plor4% Pgﬁp%g tthe force receiving pozﬁ"ﬂ]ﬂﬂf i
central portion 5 f the first—side 24 4and the third si

bet ween the upset$ 40 in each of the pairs of upsets 40. Each one of t he
central portions ers 54. The shoul ders 54 are generally

parallel to the second-sgjgde 26 jandnt laﬁlwgéa he sdite Qe RAGN PFoghder 54

ext ends between one edge gf the cen- tral :Portlons 52 and one of the upsets
40. retention port on of the electrical contact element in

circle 4 of Filgure 2.

Figure 5 is a cross sectional:view of the
electrical contact element of Figure 1 taken on the line 5~
5 in the direction of the arrows.

Figure 6 is a schematic representation of a
preferred embodiment of an oblong hole through a connector
housing for receiving the electrical contact element of
Figure 1.

Figure 7 a top side view of a header having a
plurality of the electrical contact elements of the present
invention staked in oblong holes through the header
housing. )

Figure 8 a right side view of the header of
Figure 7 taken on the line 8-8 in the direction of the
arrows.

Figure 9 a cross sectional view of the.header'of
Figure 7 taken on the line 9-9 in the direction of the

arrows.

DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

Throughout the following detailed description,
similar reference characters refer to similar elements in
all figures of the drawings.

Referring to Figure 1, there is illustrated a
front side view of an electrical contact element 10 for
mechanical connection in a hole through a connector housing
in accordance with the present invention. Figure 2 is a
right side view of the electrical contact element 10 of
Figure 1 taken on the line 2-2 in the direction of the
arrows.

The electrical contact element 10 comprises a
force receiving end portion 12, an insertion end portion 14
and a retention portion 16 between the force receiving end
portion 12 and the insertion end portion 14. The
electrical contact element 10 may optionally, but does not
have to, have a compliant portion 18 for forcing into a
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plated hole through a printed circuit board. The compliant

)

portion 18 can be a press-fit section for creating an
interference fit between the contact element 10 in a hole
without the need for additional fastening means, such as,
soldering. Illustrative press-fit sections that can be
used for the compliant section 18 include those disclosed
in U.S. Patent 4,274,699 or 4,728,164, Alternatively, the
compliant portion 18 can be designed so as to require
additional fastening means, such as, soldering. One such
compliant section may be a star section.

The force receiving end portion 12 and the
insertlion end portion 14 preferably have a square cross
section, except at distal ends 20. Further, the force
receiving end portion 12 and the insertion end portion 14
may have square or rounded corners 22, Square corners 22
are illustated in Figure 5 which discloses a cross
sectional view of the electrical contact element 10 of
Figure 1 taken on the line 5-5 in the direction of the
arrows.

The force receiving end portion 12 and the
insertion end portion 14, thus, comprise a first
substantially flat side 24, a second substantially flat
side 26, a thifd substantially flat side 28, and a fourth
substantially flat side 30. The first side 24 and the
third side 28 argwsubstantially'parallel to one another,
The second side 26 and the fourth side 30 are substantially
parallel to one another. The first side 24 and the third
side 28 are substantially perpendicular to the second side
26 and the fourth side 30,

The electrical contact element 10 has a
longitudinal axis 32. The element 10 is symmetric or
substantially symmetric about the longitudinal axis 32.
The element 10 has a first mid-plane that contains the
longitudinal axis 32 and bisects the element 10 between the
first side 24 and the third side 28. The first mid-plane
is, thus, parallel to the first side 24 and the third side
28. The element 10 is symmetric or substantially symmetric
about the first mid-plane. The element 10 has a second



Referring to FlgureBHHAﬁﬁH”ﬁfsgﬁéﬁ ne of the upsets 40

conprlses a pair r of prOJec i ons 60. Each one ofqg E agw%&n&whmd

proj ections 60 ca )egjgg ﬁ‘e as having a first surfac ]ﬂ!ﬂ@[ﬂ“ﬂ

surface 64 and a thi Lﬁ ace 66{ referably, the first s

t he second surfaces ibd-are-H-at—ot substantially flat. Preferably, the

third surfaces 66tare curved or donmg-IiKke. The first surfaces 62 and
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fourth side 30. The second mid-plane 1is, thus, parallel to

the second side 26 and the fourth side 30. The element 10
is symmetric or substantially symmetric about the second

mid-plane.

' The distal ends 20 can be shaped like truncated
pyramids having four inclined surfaces 34 which slope
towards the lohgitudinal axis 32 of the electrical contact
element 10 and intersect or terminate at a substantially
flat end surface 36. ’

The force receiving end portion 12 and/or the
insertion end portion 14 of the electrical contact element
10 can have different lengths depending on their intended
uses. This is illustrated in Figure 1 by depicting
alternate positions 20' and 20" of one of the force
receiving end portion distal end 34. _

Figure 3 is an enlarged front side view of the
retention portion 16 of the electrical contact element 10
in circle 3 of Figure 1. Figure 4 is an enlarged right
side view of the retention portion 16 of the electrical
contact element 10 in circle 4 of Figure 2.

Referring in particular to Figure 3, the
retention portion 16 comprises a plurality of opposed
upsets 40 of progressively different sizes. Multiple pairs
of upsets 40 provide retention and stability of the element
10 in a housing. Preferably, the retention portion 16 has
at least three pairs of the opposed upsets 40. The
embodiment illustrated in the drawings has a first
insertion pair 42 of the opposed ﬁpsets 40, a second
insertion pair 44 of the opposed upsets 40, a third
insertion pair 46 of the opposed upsets 40, and a fourth’
insertion pair 48 of the opposed upsets 40. The first pair
4? is the closest to the insertion end portion 14. The
second pair 44 is the next or second closest to the
insertion end portion 14. The third pair 46 is the third
closest to the insertion end portion 14. The fourth pair
48 1s the fourth closest to the insertion end portion 14.
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between dlstal tips 50 of all the other pairs 44, 46, and
48 of the opposed upsets 40. The second pair 44 has a
second distance between its distal tips 50 that is sightly
longer than the first distance, but is shorter than the
distance between distal tips 50 of the third pair 46 and
fourth palr 48 of the opposed upsets 40. The third pair 46
has a third distance between its distal tips S0 that is
sightly longer than the second distance, but is shorter
than the distance between distal tips 50 of the fourth pair
48 of the opposed upsets 40. The fourth palr 48 has a
fourth distance between its distal tips 50 that is sightly
longer than the third distance. In other words, the
distance between distal tips 50 of the upsets 40 in the
pairs of upsets 40 incrementally increases from the
insertion end portion 14 to the force receiving portion 12.
A central portion 52 of the first side 24 and’
the third side 28 extends between the upsets 40 in each of
the pairs of upsets 40. Each one of the central portions
52 has two shoulders 54. The shoulders 54 are generally
parallel to the second side 26 and the fourth side 30.
Bach shoulder 54 extends between one edge of the central
portions 52 and one of the upsets 40.

-, Referring to Figures 3 and 4, each one of the

upsets 40 preferably comprises a pair of bumps or
projections 60. Each one of the' bumps or projections 60
can be described as having a first surface 62, a second

surface 64 and a third surface 66.. Preferably, the first

surfaces 62 ‘and the second surfaces 64 are flat or
substantially flat. Preferably, the.third surfaces 66 are .
curved or dome-like. : '

The first surfaces 62 and the second surfaces 64
are connected perpendicular or substantially perpendicular
to the shoulders 54. The firet surfaces 62 are also
connected to the second surfaces 64 and the third surfaces
66. The second surfaces 64 are connected to the first

surfaces 62 and third surfaces 66. The third surfaces 66

hd the third sur- faces 66. The second
surfaces 64 are conecgt edi§tSERHESE | st surfaces 62 m@dhaehma"g,@eaﬂxef)mes 66.
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in Figure 3,ethkefitha second side 26 or the fourth side 30. In Figure
4, the third surfaces 66 are extending up from the second
side 26 in a curved or dome-like fashion to meet with the
upper edges of the first surfaces 62 and the second
surfaces 64. Edges of the surfaces or intersections
between the surfaces and the other surfaces, sides or

shoulders can be rounded or angular.

An intermediate strip 70 of the second side 26
and the fourth side 30 can optionally extend between the
pairs of projections 60. A lateral strip 72 of the second
side 26 and the fourth side 30 can optionally extend
between each pair of the projections 60. - In the embodiment
{1lustrated in Figures 3 and 4, the lateral strips 72 have
faces 74 extending to the shoulders 54.

Each one of the first surfaces 62 of the four
projections 60 in the first pair 42 of upsets 40 has a
first edge that intersects with an edge portion 56 of the
first side 24 and the third side 28. As seen in Figure 3,

. the first side 24 has two edge portions 56. Similarly, the
third side 28 has two edge portions 56. Each one of the
four first surfaces 62 of the upsets 40 in the first pair
42 incline or slope away from a respective one of the edge
portions 56 towards, and at a first angle with respect to,
the first mid-plane. Each one of the four first surfaces
62 of the upsets 40 in the first pair 42 have a second edge
that intersects a first edge of the second surfaces 64.

Each one of the second surfaces 64 of the upsets
40 in the first pair 42 incline or slope away from the

~ first surfaces 62 and the first mid-plane at a second angle
with respect to the first mid-plane. Preferébly, the
second angle is less than the first angle. The second
surfaces 64 may even be parallel to the first mid-plane.
Each one of the second surfaces 64 of the upsets 40 in the
first pair 42 intersects in a curved or rounded fashion one
of the faces 74 of the lateral strips 72 between the first
pair of projections 60 and the second pair of projections
60.
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Each éﬁe-ofmghe four third surfaces 66 of the
upsets 40 in the first pair 42 connect to distal edges of
the first surfaces 62 and the second surfaces 64. Each one
of the third surfaces 64 extends in a curved or globe-like
fashion and intersects either the second side 26 or the
fourth side 30 in a curved line.

The other projections 60 in the second, third
and fourth pair of upsets 40 are configured like the
aforedesdescribed projections 60 in the first pair 42 of
upsets 40. However, the first edge of the first surfaces
62 in the projections 60 in the-second, third and fourth °
pair of upsets 40 intersect one of the faces 74, rather
than the edge portion 56. Further, the second surfaces 64
of the projections 60 in the fourth pair 48 of upsets 40
connect to a ledge 58, rather than the face 74. There are
four ledges 58. Each one of the ledges 58 is defined by
one of the the second surfaces 64 of the projections 60 in

the fourth pair 48 of upsets 40, one of the four shoulders
54, either the first side 24 or the third side 28, and
either the second side 26 or the fourth side 30.

The opposed upsets 40 are made by squeezing or
pinching the edge portions 56 of the first side 24 and the
third side 28 towards one another, .

The contact elements 10 of the present invention
can be made from any suitable metal used for electrical
terminals, such as brass, phosphor bronze, beryllium copper
and the like. The contact elements 10 may be plated or
coated with one or more conductive layer, such as tin,
nickel, pladium, gold, silver or a suitable alloy.

The retention portion 16 is for staking in and
mechanical connection to a hole 80 through a connector
housing. Figure 6 is a schematic representation of a
preferred embodiment of a substantially oblong hole 80
through a connector housing for receiving the electrical
contact element of Figure 1. The substantially oblong hole
80 has two opposed flat and parallel walls 82, The flat
walls 82 are connected by cylindrical or curved walls 84
which can be parts of a same cylinder 86. Preferably, only
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a first angle with respect to, the first md-plane. Ea ane f.the fou
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that intersects a first edge of the second surfaces 64.-
the second surfaces 64 of the upsets 403t the first pai
sl ope away fromthe first surfaces 62 and the first m d-plane at a second
angle with respect to the first md-plane. Preferably, the sec-
the retention portion 16 contacts the hole wall(s) 82, 84
in the housing. This 1is accomplished by inserting the
element 10 into the substantially oblong hole 80 such that
only the upsets 40 contact the flat walls 82 in the hole
» geometry depicted in Figure 6 . This provides clearance
between the element 10 and the housing which avoids
scraping corners 22 of the element 10 on the housing and
eliminates or significantly reduces sliver formation. This
hole geometry is also better for injection molding of the

housing than round or square holes.

Figure 7 a top side view of a connector housing
and, specifically, a header housing for receiving a
plurality of the electrical contact elements 10 of the
present invention staked in oblong holes 80 through the
header housing 80. Figure 8 a right side view of a
connector and, more specifically, a header 100 comprising a
plurality of the electrical contact elements 10 of Figure 1
in the header housing 90 of Figure 7 taken on thé line 8-8
in the direction of the arrows. In Figure 8, a portion of
the housing 90 has been broken away to clearly show columns
"of the insertion end portions 14 of the electrical contact
elements 10. Figure 9 a cross sectional view of the header
housing 90 of Figure 7 taken on the line 9-9 in the
direction of the arrows combined with the electrical
contact elements 10 of Figure 1. Figure 9 illustrates four
rows of the the electrical contact elements 10 in the
housing 90,

Preferably, the housing 90 is made of or from a
high temperature resin, such as, polyphenylene sulfide
resin.

Those skilled in the art, having the benefit of
the teachings of the present invention as hereinabove set
forth, can effect numerous modifications thereto. These
modifications are to be construed as being encompassed
within the scope of the present invention as set forth in
the appended claims.
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CLAIM(S)
wWhat 1s claimed is:

1. A retention portion of an electrical contact element
for mechanical connection in a hole through a connector

housing comprising:

a plurality of opposed upsets of progressively
different sizes,

whereby when the element is inserted into the
hole such that only the upsets come in contact with a wall
of the hole when inserted therein, the offsets provide an
, incremental interference with the hole during insertion
while substantially preventing sliver formation.

2. The retention portion of Claim 1, wherein the hole'is
substantially oblong.

3. The element of Claim 2, wherein the hole has two
opposed flat sides.

4. The retention portion of Claim 1, wherein:

there are at least three pairs of opposed
upsets; and.

a distance between distal tips of the upsets in
the pairs of opposed upsets incrementally increases from
one end of the retention portion to another end of the
retention portion.

5. The retention portion of Claim 1, wherein each one of

the upsets comprises: :
REPLACEMENT SHEET
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6. The retention portion of Claim 5, further comprising:

a first side having a mid-portion and edge
portions, a second side having an intermediate strip, a
third side having a mid-portion and edge portions and a
fourth side having an intermediate strip;

shoulders extending from the mid-portions of the
first and third sides;

the first and second surfaces connected
perpendicular or substantially perpendicular to the
shoulders; and

the third surfaces being dome shaped and
connected between the first surfaces, the second surfaces
and either the intermediate strip of the second side or the
intermediate strip of the fourth side.

7. The retention portion of Claim 6, wherein:

.the first surfaces of a first insertion pair of
the opposed upsets have first edges that intersect with the
edge portions of the first and third sides; and

the second surfaces of a last insertion pair of
the opposed upsets connect to ledges, the ledges defined by
one of the the second surfaces of the projections in the’
last insertion pair of opposed upsets, one of the
shoulders, either the first side or the third side, and

either the second side or the fourth side. RH%ACFM‘“TSHEET

8. The retention portion of Claim 6, wherein: 24 SEP 1904 !
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| edges 58. Each one of the | edges 58 is defined by one of h

surfaces 64 of th In the fourth pair48 e of
the four shoul der(se”m“”mﬂlj @%’LI rst side 24 or the ?\\ma\m

either the second side urth sigle 30.

the second side and the fourth side further have
lateral strips which extend between each pair of the

projections; and

faces connect the lateral strips to the

shoulders.
g. The retention portion of Claim 8, wherein:

the first surfaces of any pair of the opposed
upsets between the first inseition pair of the opposed
upsets and the last insertion pair of the opposed upsets
have first edges that intersect with the faces;

the second surfaces of all pairs of the opposed
upsets, except the last insertion pair of the opposed
upsets, have second edges that intersect with the faces;

and

the second surfaces of a last insertion pair of
the opposed upsets connect to ledges, the ledges defined by
one of the the second surfaces of the projections in the
last insertion péir of opposed upsets, one of the
shoulders, either the first side or the third side, and
either the second side or the fourth side.

10. An electrical contact element for mechanical
connection in a hole through a connector housing
comprising:

REPLACEMENT SHEET

a force recelving end portion;
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an insertion end portion; and

a retention section between the force receiving
end portion and the insertion end portion, the retention
section including a plurality of opposed upsets of
progressively different sizes,



The opposed upsets 40 are nade by squeezing or pinch| ort|

56 of the first side ‘ d side 28 tomards eplace The
contact elenments 10 l ﬁﬂ nventi on can be nad " |Itab|e

netal used for elec

whereby when the insertion end portion is
inserted into the hole such that only the ﬁpsets come in
contact with a wall of the hole when inserted therein, the
offsets provide an incremental interference with the hole
during insertion while substantially preventing sliver
formation.

11, The electrical contact element of Claim 10, wherein

! the element comprises a pin having a substantially square
cross section and the upsets extend only beyond two opposed
sides of the pin.

12. The electrical contact element of Claim 10, wherein
the hole has two opposed flat sides.

13. The electrical contact element of Claim 12, wherein
the hole has two opposed flat sides.

14. The electrical contact element of Claim 10, Wh&lc;nA LH?H’<HEE¥‘

there are at least three pairs of opposed 24 SEP 1996
upsets; and

a distance between distal tips of the upsets in
the pairs of opposed upsets incrementally increases from
one end of the retention portion to another end of the
retention portion.

15. The electrical contact element of Claim 10, wherein
each one of the upsets comprises:

a pair of projections, each one of the
projections having a first surface, a second surface and a
third surface.

16. The electrical contact element of Claim 15, further

comprising:



termnal s, such as brass, phosphor_bronze, berylllun1 er and t he I|ke

The contact elenents 10 may be plated or coated Mﬁth gtive
| ayer, such as tin, w gol d, silver mﬁg [ﬁﬂ?

The retention port “mgm m king in and me- chan n to a
hol e 80 t hrough a or modsing. FidhBre 6 is a schematic representation
of a pre- ferred enbodi nent of a substantially oblong hole 80 through a
connector housing for receiving the electrical contact el enent of Figure 1.
The substantially obl enfikstessddenhaving sppoderortaenapsdpgdgel el walls

82. The portions, a second side having an intermediate strip, a
third side having a mid-portion and edge portions and a
fourth side having an intermediate strip;

shoulders extending from the mid-portions of the
first and third sides;

the first and second surfaces connected
perpendicular or substantially perpendicular to the
shoulders; and

the third surfaces being dome shaped and
_ connected between the first surfaces, the second surfaces
and either the intermediate strip of the second side or the
intermediate strip of the fourth side.

17. The electrical contact element of Claim 16, wherein:

the first surfaces of a first insertion pair of
the opposed upsets have first edges that intersect with the
edge portions of the first and third sides; and

the second surfaces of a last insertion pair of
the opposed upsets connect to ledges, the ledges defined by
one of the the second surfaces of the projections in the
last insertion pair of opposed upsets, one of the
shoulders, either the first side or the -third side, and
either the second side or the fourth side.

18. The electrical contact element of Claih 16, wherein:
the second side and the fourth side further have

lateral strips which extend between each pair of the

projections; and

REPLACEMENT SHEET
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flat walls 82 are connected by cylindrical or curved waITlBsShéetwhHB“ebna?i

parts of a sane cy ably, only the retenti
contacts the hole m"‘ﬂ llmlil“liﬂjllm\ the housing. This is
inserting the el ement <0 4 n®o she*substantially obl ong ho e

only the upsets 40 contact the flat wall 3682 in the hol e geonetry depi cted
in Figure 6. This provigdes clearance hetween th e nt 10 and t he housing
whi ch avoi ds scrapi ng cb?nes sCOPNeFt ¢ 2f $ he® Ht&i ng and

el i m nat es orsisidddscantly reduces sliv- er fornatlon. Thi s hol e geonetry
Is al so better for injec-

19. The electrical contact element of Claim 18, wherein:

the first surfaces of any pair of the opposed
upsets between the first insertion pair of the opposed
upsets and the last insertion pair of the opposed upsets
have first edges that intersect with the faces;

the second surfaces of all pairs of the opposed
upsets, except the last insertion pair of the opposed
upsets, have second edges that intersect with the faces;
and

the second surfaces of a last insertion pair of
the opposed upsets connect to ledges, the ledges defined by
one of the the second surfaces of the projections in the
last insertion pair of opposed upsets, one of the
shoulders, either the first side or the third side, and
either the second side or the fourth side.

20, An electrical connector comprising:

a housing having a plurality of hole arranged in
rows and columns;

an electrical contact element for mechanical
connection in each one of the holes, each one of the
electrical contact elements comprising:

a force receiving end portion; REPLACEMENT SHEET
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an insertion end portion; and =P 1996

a retention section between the force receiving
end portion and the insertion end portion, the retention



tion nol ding of the housing than round or square holes. Figure 7 a top
si de vi ew of a connecIOL_housLng—and_—specificalIy a header__housi ng for
receiving a plurality of the electrical contact elements 10 of the present

i nven- tion staked i r““ﬂllcﬂ"ﬁl“ﬂ“ﬁl“ﬂﬂ t hrough t he headef® lhﬁTT_iliilllaeenlll laced
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section including a plurality of opposed upsets of
progressively different sizes,

whereby when the insertion end portion is
inserted into the hole such that only the upsets come in
contact with a wall of the hole when inserted therein, the
offsets provide an incremental interference with the hole
during insertion while substantially preventing sliver
formation.

21. The electrical connector of Claim 20, wherein the
connector is a header.

22. The electrical connector of Claim 20, wherein the
housing is made from polyphenylene sulfide resin.

LY. o bR
e U dENT SHEET
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10 / ing 90. Figure 8 a right side view of a connector and,

more specifically, a header 100 conprising a plurality of the electrical
contact elenents 10 of Figure 1 in the header housing 90°0f Figure 7 taken

on the line 8-8 in the diréection of the arrows. In Fiﬁrrsgee&ﬂasm“ \\\ ‘irﬁ of

t he housi ng 90 has been broken away to clearly show co “‘\\“\‘“\“
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TITLE OF THE INVENTION
CONNECTOR, CIRCUIT BOARD CONTACT ELEMENT
AND RETENTION PORTION

BABSTRACT QOF THE DISCLOSURE

The present invention relates to circuit board
contact elements and compliant sections thereof which are
mounted in plated-through holes in printed circuit boards,
generally in conjunction with a plastic header or other

electrical connectors.

FIGURE 1.
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ums of the insertion
10. Figure 9 a cross s
taken on the line 9-9
el ectrical contact ele
of the the electrical

end portions 14 of the electrical contact el enents
ectional view of the header housing 90 of Figure 7
in the direction of the arrows conbined with the
ments 10 of Figure 1. Figure 9 illustrates four rows
contact elenments 10 in the housing 90.

Preferably, the housing 90 is nade of orlfrom a high tenperature resin,
such as, pol yphenyl ene ?I@e resin. Those skill eﬁ- art, havi ng
the benefit of the teachrn of kK he present invention I rel above set
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forth, can effect nunerous nodifications thereto. These nodifications are
to be construed as being encom passed within the scope of the present

i nvention as set forth in the appended cl ai ns.
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Claims 1. Aretention portion (16) of an electrical contact ele- ment
(10) for mechanical connection in a hole (80) t hrough a connect or

housi ng, the retention portion

8 <— 90 12
14— 42_1»

90

.
LT TV ¢
80—l « = *_ —
]

8 <@

Has Been Reﬁaced

\\ll\l\\ [



(16) having a first end and a second end, conpris- i ng: a

plurality of opposed upsets (40) | ocated on the retention portion,
wher eby when the elenent (10) is inserted into t he hol e (80) such
that only the upsets (40) cone in contact with a wall of the hole
when inserted herein, said upsets (40) provide an in-

terference with the hole (40) during insértion,

N
3
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characteri zed in that

o353 1P

sai d opposed Up§els sb4Q)z ar eHarrangesiGi n

pairs (42 44, 46, 48) with their size progr}ewi,\.l,gefluy,wﬂ |,n(ar €25} pezedsiesal d

pairs ( p | ocat ed avnay If pm, ;51 d,{qwﬁg
sai d seg it the upsets (40) !pr vn,‘%‘gp\ cne?r%wg,ﬁ dﬁd%}-‘s[;
terferenc W|_ththe hol ¢ (80) during insgrtiion i . 'p
{l)l’heVﬁn][l nd skizvegyfweretidn. 2. The retentlor‘r} por on 0 ‘Ta""r'n 1, \'/\he"r"él N
e hol e |
| DATE 67 RECEIPT..BMAL.....
CONNECTOR, CIRCUIT BOARD CONTACT ELEMENT
AND RETENTION PORTION :
Description

BACKGROUND OF THE INVENTION

1. Field of the Invention.

This invention relates to circuit board contact ele-
ments and retention sections thereof which are for
mounting in holes in connector housings, specifically
header housings.

2. Description of Related Art.

Electrical contacts, otherwise referered to as termi-
nals, contact elements or pins, are used in the electron-
ics industry in conjunction with printed circuit (PC)
boards and panel boards for making electrical connec-
tions between, and among, circuits.

A plurality of the contacts are frequently mounted in
an insulative connector housing with one end of con-
tacts extending from the connector housing for making
mechanical and electrical contact with a conductive path
on the PC board. The other end of the contacts typically
extent through holes in the connector housing for me-
chanical and electrical connection with contacts in a
mating connector.

In a high pin count (HPC) header which is a com-
mercially available male connector, contacts or wire pins
having a 0.025 inch square cross section are staked in
round holes in a plastic housing. Retention of the pins
in the housing is achieved by an interference fit between



(80) i's substantially obl ong.
opposed flat sides (82).

has two

3. The elenent of claim?2, wherein the hole

ey
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corners of the square pin and the round hole in the hous-
ing. The pins are made from phosphor bronze and plat-
ed with gold over nickel under plating. The housing is
made from polyetheremide resin. During the staking
process, slivers of plated coatings are formed due to
scraping on the pin corners. These slivers present a po-
tential for electrical short. As such, these slivers are re-
moved by brushing, blowing and/or washing operations
at added cost.

EP-A-0 105 044 discloses an electric contact pin for
use in printed circuit boards. The central portion of that
contact pin has two longitudinal through cuts to form
three resilient legs, the outer legs of which are bent in
one direction while the inner leg is bent in the opposite
direction. That prior art contact pin is to be soldered into
a plated hole of a printed circuit board. The final me-
chanical and electrical is connection therefore made by
the solder connection.

The invention as claimed in claims 1, 10 and 12,
solves the problem of how to prevent slivers of plated
coatings of the pins during insertion while maintaining
the strength of the mechanical connection.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be more fully understood from the

following detailed description thereof in connection with
accompanying drawings which form a part of this appli-

cation and in which:

Figure 1 is a front side view of an electrical contact
element for mechanical connection in a hole through a
connector housing in accordance with the present in-
vention.

Figure 2 is a right side view of the electrical contact
element of Figure 1 taken on the line 2-2 in the direction
of the arrows.



4 The' retention portion of claim1, wherein: there are at | east

three pairs (42, 44, 46, 48) of opposed upset s} (HEHLACBREST YpREFE

upsets (40)

having distal tips (50); and
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Figure 3 is an enlarged front side view of a retention
portion of the electrical contact element in circle 3 of Fig-
ure 1.

Figure 4 is an enlarged right side view of the reten-
tion portion of the electrical contact element in circle 4
of Figure 2.

Figure 5 is a cross sectional view of the electrical
contact element of Figure 1 taken on the line 5-5 in the
direction of the arrows.

Figure 6 is a schematic representation of a pre-
ferred embodiment of an oblong hole through a connec-
tor housing for receiving the electrical contact element
of Figure 1.

Figure 7 a top side view of a header having a plu-
rality of the electrical contact elements of the present
invention staked in oblong holes through the header
housing.

Figure 8 a right side view of the header of Figure 7
taken on the line 8-8 in the direction of the arrows.

rigure 9 a cross sectional view of the header of Fig-
ure 7 taken on the line 9-9 in the direction of the arrows.

DESCRIPTION OF THE PREFERRED EMBODIMENT
S8)

Throughout the following detailed description, sim-
ilar reference characters refer to similar elements in all
figures of the drawings.

Referring to Figure 1, there is illustrated a front side
view of an electrical contact element 10 for mechanical
connection in a hole through a connector housing in ac-
cordance with the present invention. Figure 2 is a right



a di stance between said distal tips (50) of the up§§?EAmﬂm3ﬁW$ﬁ%ﬂé
pairs of opposed upsets in- crenental ly increases gs~5ald opposed
upsets are |located away from said proxi mal end of the13 OV 1997
retention portion (16) towards said distal end of tihe re?entlon
portion. 5. The retention portion of chaim1, wherein each one of -t
upsets (40) conprises: a pair of projections (60t;7each one of

t he pro-

side view of the electrical contact element 10 of Figure
1 taken on the line 2-2 in the direction of the arrows.
The electrical contact element 10 comprises a force
receiving end portion 12, an insertion end portion 14 and
a retention portion 16 between the force receiving end
portion 12 and the insertion end portion 14. The electri-
cal contact element 10 may optionally, but does not have
to, have a compliant portion 18 for forcing into a plated
hole through a printed circuit board. The compliant por-
tion 18 can be a press-fit section for creating an inter-
ference fit between the contact element 10 in a hole
without the need for additional fastening means, such
as, soldering. lilustrative press-fit sections that can be
used for the compliant section 18 include those dis-
closed in U.S. Patent 4,274,699 or 4,728,164. Alterna-
tively, the compliant portion 18 can be designed so as

to require additional fastening means, such as, solder-
ing. One such compliant section may be a star section.

The force receiving end portion 12 and the insertion
end portion 14 preferably have a square cross section,
except at distal ends 20. Further, the force receiving end
portion 12 and the insertion end portion 14 may have
square or rounded corers 22. Square corners 22 are
illustated in Figure 5 which discloses a cross sectional
view of the electrical contact element 10 of Figure 1 tak-
en on the line 5-5 in the direction of the arrows.

The force receiving end portion 12 and the insertion
end portion 14, thus, comprise a first substantially fiat
side 24, a second substantially flat side 26, a third sub-
stantially flat side 28, and a fourth substantially flat side
30. The first side 24 and the third side 28 are substan-
tially parallel to one another. The second side 26 and
the fourth side 30 are substantially parallel to one an-
other. The first side 24 and the third side 28 are substan-
tially perpendicular to the second side 26 and the fourth
side 30.



jections having afirst surface (62), a second surface
surface (66). 6. The retention portion of claim5, fur
a first side (24) having a md-portion (52) and
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edge portions,

second side (26) having an in- termedi ate strip
(28) having a
side (30) having an internmediate strip (

~

70 ' S
m d- portion (52) agd) edge portions angaaﬁPgW?ﬂ.
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The electrical contact element 10 has a longitudinal
axis 32. The element 10 is symmetric or substantially
symmetric about the longitudinal axis 32. The element
10 has a first mid-plane that contains the longitudinal
axis 32 and bisects the element 10 between the first side
24 and the third side 28. The first mid-plane is, thus,
parallel to the first side 24 and the third side 28. The
element 10 is symmetric or substantially symmetric
about the first mid-plane. The element 10 has a second
mid-plane that contains the longitudinal axis 32 and bi-
sects the element 10 between the second side 26 and
the fourth side 30. The second mid-plane is, thus, par-
allel to the second side 26 and the fourth side 30. The
element 10 is symmetric or substantially symmetric
about the second mid-plane.

The distal ends 20 can be shaped like truncated pyr-
amids having four inclined surfaces 34 which slope to-
wards the longitudinal axis 32 of the electrical contact
element 10 and intersect or terminate at a substantially
flat end surface 36.

The force receiving end portion 12 and/or the inser-
tion end portion 14 of the electrical contact element 10
can have different lengths depending on their intended
uses. Thisisillustrated in Figure 1 by depicting alternate
positions 20' and 20"of one of the force receiving end
portion distal end 34.

Figure 3 is an enlarged front side view of the reten-
tion portion 16 of the electrical contact element 10 in
circle 3 of Figure 1. Figure 4 is an eniarged right side
view of the retention portion 16 of the electrical contact
elernent 10 in circle 4 of Figure 2.

Referring in particular to Figure 3, the retention por-
tion 16 comprises a plurality of opposed upsets 40 of
progressively different sizes. Multiple pairs of upsets 40
provide retention and stability of the element 10 in a
housing. Preferably, the retention portion 16 has at least
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three pairs of the opposed upsets 40. The embodiment
iflustrated in the drawings has a first insertion pair 42 of

the opposed upsets 40, a second insertion pair 44 of the
opposed upsets 40, a third insertion pair 46 of the op-

posed upsets 40, and a fourth insertion pair 48 of the
opposed upsets 40. The first pair 42 is the closest tothe
insertion end portion 14, The second pair 44 is the next
or second closest to the insertion end portion 14. The
third pair 46 is the third closest to the insertion end por-
tion 14. The fourth pair 48 is the fourth closest to the
insertion end portion 14.

The first pair 42 has a first distance between its dis-
tal tips 50 which is shorter than the distance between
distal tips 50 of all the other pairs 44, 46, and 48 of the
opposed upsets 40. The second pair 44 has a second
distance between its distal tips 50 that is sightly longer
than the first distance, but is shorter than the distance
between distal tips 50 of the third pair 46 and fourth pair
48 of the opposed upsets 40. The third pair 46 has a
third distance between its distal tips 50 that is sightly
longer than the second distance, but is shorter than the
distance between distal tips 50 of the fourth pair 48 of
the opposed upsets 40. The fourth pair 48 has a fourth
distance between its distal tips 50 that is sightly longer
than the third distance. In other words, the distance be-
tween distal tips 50 of the upsets 40 in the pairs of upsets
40 incrementally increases from the insertion end por-
tion 14 to the force receiving portion 12.

A central portion 52 of the first side 24 and the third
side 28 extends between the upsets 40 in each of the
pairs of upsets 40. Each one of the central portions 52
has two shoulders 54. The shoulders 54 are generally
parallel to the second side 26 and the fourth side 30.
Each shoulder 54 extends between one edge of the cen-
tral portions 52 and one of the upsets 40.

to



the third surfaces (66) being done shaped and cannected bet ween
the first surfaces (62), the second surf pcles  GGERFNGHEET h‘er

t he internedi-
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Reterringto Figures 3 and 4, each one of the upsets
40 preferably comprises a pair of bumps or projections
60. Each one of the bumps or projections 60 can be de-
scribed as having a first surface 62, a second surface
64 and a third surface 66. Preferably, the first surfaces
62 and the second surfaces 64 are flat or substantially
flat. Preferably, the third surfaces 66 are curved or
dome-like.

The first surfaces 62 and the second surfaces 64
are connected perpendicular or substantially perpendic-
ular to the shoulders 54. The first surfaces 62 are also
connected to the second surfaces 64 and the third sur-
faces 66. The second surfaces 64 are connected to the
first surfaces 62 and third surfaces 66. The third surfac-
es 66 connect the first surfaces 62 and the second sur-
faces 64 to either the second side 26 or the fourth side
30. In Figure 4, the third surfaces 66 are extending up
from the second side 26 in a curved or dome-like fashion
to meet with the upper edges of the first surfaces 62 and
the second surfaces 64. Edges of the surfaces or inter-
sections between the surfaces and the other surfaces,
sides or shoulders can be rounded or angular.

An intermediate strip 70 of the second side 26 and
the fourth side 30 can optionally extend between the
pairs of projections 60. A lateral strip 72 of the second

side 26 and the fourth side 30 can optionally extend be-
tween each pair of the projections 60. In the embodi-

ment illustrated in Figures 3 and 4, the lateral strips 72
have faces 74 extending to the shoulders 54.

Each one of the first surfaces 62 of the four projec-
tions 60 in the first pair 42 of upsets 40 has a first edge
that intersects with an edge portion 56 of the first side
24 and the third side 28. As seen in Figure 3, the first
side 24 has two edge portions 56. Similarly, the third side
28 has two edge portions 56. Each one of the four first
surfaces 62 of the upsets 40 in the first pair 42 incline



ate strip (70) of the second side (26) or the in- e termed
strip (70) of the fourth side (30). 7. The retl eREPIACENENT i DL
the first surfaces (62) of ajfiffSt 1Tnsertion

of the opposed upsets (40) have first jedgegzt 997
intersect with the edge portions of the dirst and lf@?rd9

6, wherein:

(42)
28) ;
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or slope away from a respective one of the edge portions
56 towards, and at a first angle with respect to, the first
mid-plane. Each one of the four first surfaces 62 of the
upsets 40 in the first pair 42 have a second edge that
intersects a first edge of the second surfaces 64.

Each one of the second surfaces 64 of the upsets
40 in the first pair 42 incline or slope away from the first
surfaces 62 and the first mid-plane at a second angle
with respect to the first mid-plane. Preferably, the sec-
ond angle is less than the first angle. The second sur-
faces 64 may even be parallel to the first mid-plane.
Each one of the second surfaces 64 of the upsets 40 in
the first pair 42 intersects in a curved or rounded fashion
one of the faces 74 of the lateral strips 72 between the
first pair of projections 60 and the second pair of projec-
tions 60.

Each one of the four third surfaces 66 of the upsets
40 in the first pair 42 connect to distal edges of the first
surfaces 62 and the second surfaces 64. Each one of
the third surfaces 64 extends in a curved or globe-like
fashion and intersects either the second side 26 or the
fourth side 30 in a curved line.

The other projections 60 in the second, third and
fourth pair of upsats 40 are configured like the aforedes-
described projections 60 in the first pair 42 of upsets 40.
However, the first edge of the first surfaces 62 in the
projections 60 in the second, third and fourth pair of up-
sets 40 intersect one of the faces 74, rather than the
edge portion 56. Further, the second surfaces 64 of the

projections 60 in the fourth pair 48 of upsets 40 connect
to a ledge 58, rather than the face 74. There are four
ledges 58. Each one of the ledges 58 is defined by one
of the the second surfaces 64 of the projections 60 in
the fourth pair 48 of upsets 40, one of the four shoulders
54, either the first side 24 or the third side 28, and either
the second side 26 or the fourth side 30.



the second surfaces (62) of a last insertion pair Wit { AGERIGET SHEET

* opposed upsets (40) connect to | edges, the | edgds diby
one of the second surfaces (62) of the project}i dgns SGQQ L@ 7
the last insertion pair of (48) opposed upsets 40},_ g _? t he

shoul ders (54), either the first g sSide (24) orjt 28),
and either the second side (26) or the fourthiside (30). 8. Thg
retention portion of claim6, wherein:

e plem)

The opposed upsets 40 are made by squeezing or
pinching the edge portions 56 of the first side 24 and the
third side 28 towards one another.

The contact elements 10 of the present invention
can be made from any suitable metal used for electrical
terminals, such as brass, phosphor bronze, beryilium
copper and the like. The contact elements 10 may be
plated or coated with one or more conductive layer, such
as tin, nickel, pladium, gold, silver or a suitable alloy.

The retention portion 16 is for staking in and me-
chanical connection to a hole 80 through a connector
housing. Figure 6 is a schematic representation of a pre-
ferred embodiment of a substantially oblong hole 80
through a connector housing for receiving the electrical
contact element of Figure 1. The substantially oblong
hole 80 has two opposed flat and paralliel walls 82. The
flat walls 82 are connected by cylindrical or curved walls
84 which can be parts of a same cylinder 86. Preferably,
only the retention portion 16 contacts the hole wall(s)
82, 84 in the housing. This is accomplished by inserting
the element 10 into the substantially oblong hole 80
such that only the upsets 40 contact the flat walls 82 in
the hole geometry depicted in Figure 6 . This provides
clearance between the element 10 and the housing
which avoids scraping corners 22 of the element 10 on
the housing and eliminates or significantly reduces sliv-
er formation. This hole geometry is also better for injec-
tion molding of the housing than round or square holes.

Figure 7 a top side view of a connector housing and,
specifically, a header housing for receiving a plurality of
the electrical contact elements 10 of the present inven-
tion staked in oblong holes 80 through the header hous-



the second side (26) and the fourth side (30) further have |ateral
strips which (72) extend be- tween each pair

(60); and faces (74) connect the lateral stirifisi & ifug SHEET
shoul ders. [ -
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ing 90. Figure 8 a right side view of a connector and,
more specifically, a header 100 comprising a plurality of
the electrical contact elements 10 of Figure 1 in the
header housing 90 of Figure 7 taken on the line 8-8 in
the direction of the arrows. In Figure 8, a portion of the
housing 90 has been broken away to clearly show col-
umns of the insertion end portions 14 of the electrical
contact elements 10. Figure 9 a cross sectional view of
the header housing 90 of Figure 7 taken on the line 9-9
in the direction of the arrows combined with the electrical
contact elements 10 of Figure 1. Figure 9 illustrates four
rows of the the electrical contact elements 10 in the
housing 90.

Preferably, the housing 90 is made of or from a high
temperature resin, such as, polyphenylene sulfide resin.

Those skilled in the art, having the benefit of the
teachings of the present invention as hereinabove set
forth, can effect numerous modifications thereto. These
modifications are to be construed as being encom-
passed within the scope of the present invention as set
forth in the appended claims.



9. The retention portion of claim8, wherein:

(62) of any pair of the opposed upsets (4

i nsertion pair (42)
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1. Aretention portion (16) of an electrical contact ele-
ment (10) for mechanical connection in a hole (80)
through a connector housing, the retention portion
(16) having a first end and a second end, compris-

ing:

a plurality of opposed upsets (40) located on

the retention portion,

whereby when the element (10) is inserted into
the hole (80) such that only the upsets (40)
come in contact with a wall of the hole when

inserted herein, said upsets (40) provide an in-
terference with the hole (40) during insertion,

characterized in that

said opposed upsets (40) are arranged in
pairs (42, 44, 46, 48) with their size progressively
increasing as said pairs (42, 44, 46, 48) are located
away from said first and towards said second end
so that the upsets (40) provide an incremental in-
terference with the hole (80) during insertion while
substantially preventing sliver formation.

2. The retention portion of claim 1, wherein the hole

(80) is substantially oblong.

3. The element of claim 2, wherein the hole has two

opposed flat sides (82).



of* the opposed upsets and the last insertion pair
opposed upsets have first edges that

(48) of the
intersect with the faces

(74); ..the second-surfaces (64) of all pairs of tHée op-

posed upsets (40),

(48) of the oppdsel dpséts connect to | edges

except the |ast insertion pair

oneosed wesets| INIMMIEHARLIINCS ooy 27 oot Theertrs ;}Lf‘q;“,‘jo;a;;;;i /

(48) of the =T

]

4. The retention portion of claim 1, wherein:

there are at least three pairs (42, 44, 46, 48) of
opposed upsets (40), said opposed upsets (40)
having distal tips (50); and

a distance between said distal tips (50) of the
upsets (40) in the pairs of opposed upsets in-
crementally increases as said opposed upsets
are located away from said proximal end of the
retention portion (16) towards said distal end of
the retention portion.

5. The retention portion of claim 1, wherein each one
of the upsets (40) comprises:

a pair of projections (60), each one of the pro-

jections having afirst surface (62), a second surface
(64) and a third surface (66).

6. The retention portion of claim 5, further comprising:

a first side (24) having a mid-portion (52) and
edge portions, a second side {(26) having an in-
termediate strip (70), a third side (28) having a

mid-portion (52) and edge portions and a fourth.

side {30) having an intermediate strip (70);
shoulders (54) extending from the mid-portions
(52) of the first and third sides (24, 28);

the first and second surfaces (62, 64) connect-

ed perpendicular or substantially perpendicular
to the shouiders (54); and

bt r it g



(58), the | edges being defined by one of the second surfaces of

the projections in the | ast I nsertion pair (48) of opposed upsets
one of the ﬂﬁ‘& 54) either the first sifde or. thE“ThTrﬂ~

si de, and elth m‘ \‘m or the fourth side. 10, ARk

el ectrical cont cel enmeht ilO) for mechgni cal confection in a hol é
(80) through a connector hous- I ng (90) conprising: i 19 NOV 1997

the third surfaces (66) being dome shaped and
connected between the first surfaces (62), the
second surfaces (64) and either the intermedi-
ate strip (70) of the second side (26) or the in-
termediate strip (70) of the fourth side (30).

7. The retention portion of claim 8, wherein:

the first surfaces (62) of a first insertion pair (42)
of the opposed upsets (40) have first edges that
intersect with the edge portions of the first and
third sides (24, 28); and

the second surfaces (62) of a last insertion pair
(48) of the opposed upsets (40) connect to
ledges, the ledges being defined by one of the
second surfaces (62) of the projections (60) in
the last insertion pair of (48) opposed upsets
(40), one of the shoulders (54), either the first
side (24) or the third side (28), and either the
second side (26) or the fourth side (30).

8. The retention portion of claim 6, wherein:

the second side (26) and the fourth side (30)
further have lateral strips which (72) extend be-
tween each pair of the projections (60); and

faces (74) connect the lateral strips to the
shoulders.



a forck receiving end portion (12);

and

i nsertion end
10, wher ei n

a retention portion (1 6) according to any one of
claims 1 to 9 between the force receiving end portlo

[

L L m;ﬁ

9. The retention portion of claim 8, wherein:

the first surfaces (62) of any pair of the opposed
upsets (40) between the first insertion pair (42)
of the opposed upsets and the last insertion pair
(48) of the opposed upsets have first edges that
intersect with the faces (74);

the second surfaces (64) of all pairs of the op-
posed upsets (40), except the last insertion pair
(48) of the opposed upsets, have second edges
that intersect with the faces; and

the second surfaces (64) of a last insertion pair
(48) of the opposed upsets connect to ledges
(58), the fedges being defined by one of the
second surfaces of the projections in the last
insertion pair (48) of opposed upsets, one of the
shoulders (54), either the first side or the third
side, and either the second side or the fourth
side.

10. An electrical contact element (10) for mechanical
connection in a hole (80) through a connector hous-
ing (90) comprising:

a force receiving end portion (12);
an insertion end portion (14); and
a retention portion (16) according to any one of

claims 1 to 9 between the force receiving end
portion (12) and the insertion end portion (14).

11. The electrical contact element of claim 10, wherein

an insertion end portion (14);




the el’enment conprises a pin having a substantially

12.

13.

14.

ST

the element comprises a pin having a substantially
square cross section and the upsets (40) extend on-
ly beyond two opposed sides (26, 30) of the pin.

An electrical connector comprising:

a housing (20) having a plurality of holes (80)
arranged in rows and columns, and

an electrical contact element according to claim
10 or 11,

The electrical connector of claim 12, wherein the
connector is a header (100).

The electrical connector of claims 12 or 13, wherein
the housing is made from polyphenylene sulfide
resin.




square’ cross section and the upsets (40) extend on- rﬁw@m,_;,m h.LT
opposed sides (26, 30) of the pin. 12. An electrical copne of

a housing (90) having a plurality of holes (80) ar n’gfg@\&g
and col ums; and an electrical contact el enent actor %) ]
10 or 11.
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13. The electrical connector of claim12, wherein the
header (100). 14. The electrical connector of clains 12
t he housing is made from pol yphenyl ene sul fide resin.
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- TITLE OF THE INVENTION
CONNECTOR, CIRCUIT BOARD CONTACT ELEMENT
AND RETENTION PORTION
ABSTRACT OF THE DISCLOSURE
The present invention relates to circuit board
contact elements and compliant sections thereof which are
mounted in plated-through holes in printed circuit boards,

generally in conjunction with a plastic header or other
electrical connectors. :
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FIGURE 1.




