
EP 0 363170 B1 Description The present invention relates to metallic
terminals for electrically connecting pin terminals with another circuit
member. 5      Electrically mateable connectors including mateable pin and
receptacle contact terminals are widely used in a variety of forms
throughout the electronics field for electrically connecting two or more
circuit members to each other. Illustrative interconnect applications
employing mating pin and receptacle contacts include board-to-board,
wire-to-board, cable or FFC-to-board, cable-to-cable, discrete
wire-to-discrete wire, discrete wire-to-FFC or cable,
component-to-component, and component to board connections. 10      Recent
developments in the field of electronics, and electrical devices and
appliances In general, now re- quire electrical Interconnection
manufacturers to provide compact, more miniaturized connectors having
higher circuit densities. Present-day design requirements for miniaturized
connectors are testing the limits of a man- ufacturer's ability to mold
plastics and stamp and form metals. In addition to the design pressure for
miniatur- ization, the marketplace now demands high quality connection
products having extended use lives to be pro- 15 vided with zero defects on
a just-in-time delivery schedule. As a result, the connection manufacturer
must con- sider manufacturability issues in designing products. New
products must now be designed so that they may be reliably manufactured
atthe lowest limits of man- ufacturing tolerances and, if certain aspects
of a design cannot be held to a desired tolerance, then other as- pacts of
the design must accommodate these production realities. Price competition
in this market is intense. 20      These modern design pressures are
especially applicable to mating pin and receptacle terminals and con-
nectors. As used herein what is meant by a miniaturized pin-receiving
contact is a receptacle contact designed to mate with a rectangular or
round pin terminal having a width or diameter of less than about 1.0 mm
(e.g. less than 0.030 Inches. The pin-receiving contact section may include
contact beams having a beam length of less than about 4 mm (e.g.  less than
about 0.120 inches) and having a beam width of less than about 1 mm 25
(e.g. less than about 0.050 inches). In addition to these stringent size
limitations, miniature connectors are now required for mating with high
density multicircuit pin arrays wherein the centerline spacing between
adjacent pins is extremely small, i.e. less than about 2,54 mm (0.100
inches) and often as low as 1,27 mm (0.050 inches). Moreover, each pin-re-
ceiving contact, even in view of its miniature size and spacing
requirements, may now be required to exert 30   normal mating contact
forcesofgreaterthan 50 grams percontactand preferablyat leastabout 75 to
100 grams per contact. Each contact may also be required to withstand
repeated mating and unmating operations without yielding or losing normal
contact loads over time. Finally, each contact in addition to providing
high contact forces may also be required to be compliant to manufacturing
tolerances and mating pin misalignments. Prior art miniature pin-receiving
contacts are known and commercially Important examples are shown in 35
Figs. 1-3, prior art, of the attached Drawings. Fig. 1 shows a conventional
miniature pin-receiving contact com- monly referred to as a tuning fork
type contact. This prior art contact generally comprises a planar stamped
metallic contact including a base portion and a pairof parallel, spaced
cantilevered spring arms extending from the base. Pin-receiving contact
surfaces. are defined on the opposing inner facing surfaces of each beam
ad- jacent their free ends to define an early entry pin-receiving contact.
Early entry contacts are desirable to pro- 40  vide longerwipe of the
female contacts against the pin surfaces during insertion of the pin for
improved contact reliability. Tuning fork contacts of the type shown in
Fig. 1, are adapted to receive square or rectangular pins only and
therefore may not be used with round pins. Although the tuning fork
contacts may provide a desirably high spring rate per beam, the elastic
deflection range of the contact is undesirably low. For this reason, the
tuning 45  fork contact is very sensitive to mating misalignments. Even
minoroffsets in pin placementduring mating may cause displacement of a
contact beam exceeding its elastic deflection range, thereby causing yield
in the beams introducing a new permanent set in the terminal which results
in lower normal contact forces. In an effort to improve the compliance of
the contact to overstressing and misalignments, thinner metal stock has
been used to improve the elastic deflection range of the contact beams.
This change however re- 50  duces the effective spring rate of each beam
which compromises the normal mating contact load of the tuning fork against
the pin. To improve the spring rate and elastic deflection range of the
tuning forks, manufacturers have stamped the terminals from higher grade
stock such as beryllium copper and specially heat-treated or tempered
beryllium copper stock. These higher grade sheet metal stocks are generally
seven times more ex- pensive than lower grade phosphor bronze stocks and,
if additional heat treating steps are required, the cost 55 may be
increased even further. Often, even after changing to higher grade stocks,
the resulting contact still may not provide desired spring rate and elastic
deflection range to meet modern design criteria and larger con- tact sizes
and spacing must be used. A second conventional type of miniature
pin-receiving contact, known as a dual cantilevered spring arm 



2    EP 0 363 170 B1 type, is shown in Fig. 2. This prior art contact is
capable of electrically mating with rectangular or round pins and is also
of an early entry type. The contact is generally characterized by low or
moderate normal contact force loads and by a medium elastic deflection
range. Although this pin-receiving contact structure is versatile and
useful and exhibits a larger elastic deflection range than a tuning
fork-type contact the elastic deflection 5   range is still too small for
many modern design requirements. As was the case with the tuning fork,
efforts to improve the elastic deflection range of the dual cantilever beam
type contacts have included stamping from thinnergauge stock, which
compromises the spring rates achievable foreach beam, ormoving to
higherquality stocks which drastically increases the cost of each contact.
Still another prior art miniature pin-receiving contact is shown In Fig. 3.
This contact may be referred to 10  as a dual supported beam contact. The
dual supported beam contact shown is a relatively late-entry pin-re-
ceiving contact as compared with the two early entry contact structures
mentioned above. The Fig. 3 contact is generally characterized by high
contact forces and very low elastic deflection range. The dual supported
beam is relatively easily overstressed and is very sensitive to mating pin
misalignments. Efforts to improve the elastic deflection range of the
contact to provide a more compliant pin-receiving terminal have included 15
changing to beryllium copper sheet stock with a very large Increase in
expense and only minor expansion of the elastic deflection range. In order
to remedy the deficiencies of the prior art pin-receiving contacts the
present invention provides a new and improved pin-receiving electrical
contact according to the preamble of claim 1 characterised by the
characterising features of claim 1. 20     In accordance with this and
otherobjects, unexpectedly it has nowbeen discovered that a very high
contact force, very high elastic deflection range pin-receiving contact is
provided in a pin-receiving contact including a base and a pair of spaced
cantilevered beams, each extending forwardly from the base to a
pin-receiving end. Each beam Includesa contactsurface defined thereon
facing theopposed beam, forsildeably, electrically engaging an inserted pin
terminal. In accordance with the present invention, the pin-receiving
contact terminal 25  comprises a resilient beam support member, extending
from and interconnecting the pin-receiving ends of the beams. The resilient
beam support member is effective to significantly increase the elastic
response range of each beam to a greater outward displacement while
providing a greater normal force against the pin. In comparison with a
substantially identical contact which does not include the beam support
member, the contacts of this 30  invention exhibit an effective spring rate
per beam which is the same or is increased and the elastic deflection range
of each beam Is significantly increased. Accordingly, the new and improved
elastically supported pin- receiving contacts of this invention are able to
develop high normal contact loads against a mated pin terminal in use
without introducing yield in the contact. Moreover, the increased elastic
deflection range for the contact now provides a very high normal force and
substantially compliant pin-receiving terminal which can accom- 35  modate
a broad range of manufacturing tolerances and/or mating pin terminal
misalignments. In one embodiment, a new and improved high-contact force,
high elastic deflection range pin-receiving electrical contactof the
invention includes a base which is generally U-shaped including a pairof
legs upstand- ing from a bight portion. Each of the cantilevered contact
beams extend forwardly from the upstanding legs of the base portion of the
terminal. Also in this embodiment the beam linking member comprises a
U-shaped 40  spring element including a bight portion and a pair of spring
arms which extend from the bight portion to an opposed end. The opposed
ends of the beam support member spring arms are connected In tandem to the
pin-receiving ends of the cantilevered contact beams by means of a pair of
L-shaped linking elements. In this embodiment the resilient beam linking
member may extend rearwardly from the L-shaped transition sections toward
the base of the pin-receiving contact In a plane extending generally
parallel to the cantilevered contact 45  beams and perpendicular to the
legs of the base. In this embodiment the resilient beam linking member can
extend on an upper or lower side of the pin- receiving contact defined by
the cantilevered beams withoutsignificantly increasing the overall size of
the pin- receiving contact. The effective spring rate of each beam and the
elastic deflection range of the pin-receiving contact are both generally
increased and further may generally be said to exhibit combined mating
character- 50  istics of both the dual cantilever beams as well as the
resilient linking member. A new and improved pin-receiving electrical
contact structure of the invention Is especially well-suited for miniature
pin-receiving electrical contacts. The contact performance advantages In
terms of improved spring rate coupled with a significantly increased
elastic deflection range, now permit ultra-high contact forces to be 



developed with a stamped and formed pin-receiving contact than was
heretofore considered possible to ach- 55  leve. The improved contact
performance coupled with its remarkable Insensitivity to mating
misalignments pro- vides the design engineer with greater flexibility or
leeway with respect to manufacturing tolerances encoun- tered with other
aspects of the interconnect design, such as tolerances with respect to
terminal position within a housing and with respect to mating housings per
se. 3    EP 0 363 170 B1 Another important advantage provided by a new and
improved elastically supported dual cantilever beam contact structure of
the present invention is that the contact may be used to provide miniature
pin-receiving contacts which are stamped and formed from lower grade
phosphor bronze sheet metal stocks and which ex- hibit superior properties
at a significantly reduced cost per contact. 5      In a further aspect,
the present invention provides a method for making a new and improved
high-contact force, high elastic deflection range pin-receiving electrical
contact terminal according to claim 13. Some ways of carrying out the
present Invention will now be described in detail by way of example with
reference to drawings which illustrate one specific embodiment of the
present invention in each of its various aspects. In the drawings: 10
FIG. 1 Is a plan view of a prior art tuning fork type pin-receiving
electrical contact; FIG. 2 is a top plan view, partly in section, of a
prior art dual cantilever spring beam pin-receiving electrical contact;
FIG. 3 is a top plan view, partly in section of a prior art dual supported
beam pin-receiving electrical box contact; 15     FIG. 4 is a rear
perspective view of an elastically supported dual cantilever beam
pin-receiving electrical contact of the present invention; FIG. 5 is a side
elevation view of the contact of Fig. 4; FIG. 6 Is a top plan view of the
contact of Fig. 4; FIG. 7 is a perspective view of a terminal blank
containing contacts of Fig. 4 supported on a dual carrier 20     system and
illustrating various steps in a method of this invention of forming the
contacts; FIG. 8 is a perspective view of a new and improved electrical
receptacle connector of this invention in- cluding contacts of Fig. 4 and
shown In mating relation to a board-mounted rectangular pin header con-
nector to illustrate one use of the pin-receiving contacts of this
invention; FIG. 9 is an elevated sectional view of the connector of Fig. 8
taken along view line 9-9 of Fig. 8; 25      FIG. 10 is an elevated side
sectional view of the connector of Fig. 8 taken along view lines 10-10 of
Fig. 8; FIG. 11 is an elevated sectional view of the connector of Fig. 8
similarto Fig. 9 shown mated to an aligned pin terminal; and FIG. 12 is an
elevated sectional view of the connector of Fig. 8 similar to Fig. 11 shown
mated to a mis- so     aligned pin terminal. With reference now to the
drawings and first to Figs. 4-6, an integral, unitary metallic terminal,
generally referred to by reference numeral 10, is shown. Terminal 10 is
stamped and formed from sheet metal stock to define an elongate electrical
terminal including a front end 12 and an opposed rear end 14 (not shown).
The new and improved elastically supported dual cantilever beam
pin-receiving contact of this invention, generally 35  designated by
reference numeral 16, is provided adjacent front end 12 of terminal 10. In
this embodiment, the new and improved pin-receiving contact 16 is shown to
include a base portion 18. Base portion 18 has a generally U-shaped
configuration including a flat or horizontal bight portion 20 and a pair of
spaced apart upstanding legs 22 and 24. Each of legs 22 and 24 extends from
opposed sides of bight portion 20 to an upper free end, shown as ends 23
and 25, respectively. 40      The new and improved pin-receiving contact 16
further includes a pair of cantilevered contact beams 26 and 28 extending
forwardly from base portion 18 to front end 12. More particularly, in the
embodimentshown In Figs. 4-6, cantilevered contact beam 28 extends
forwardly from leg 22 adjacent upper end 23 to a front pin- receiving end
30. Cantilevered contact beam 28 extends forwardly from leg 24 adjacent
upper end 25 thereof to a front pin-receiving end 32. An inwardly directed
orfacing convexcontact surface 34 and 36 is defined along 45  each of beams
26 and 28, respectively, adjacent their respective pin-receiving ends 30
and 32. Each beam 26 and 28 is further provided with an outwardly flaring
anti-stubbing pin guide surface 38 and 40, a generally straight-sided pin
mouth surface portion 41 and 43, and a radiused or tapered surface 42 and
44 at each end 30 and 32, respectively. 



As shown in the embodiment illustrated in Figs. 4-6, a pair of mirror image
L-shaped transition sections 50  46 and 48 extend generally perpendicularly
downwardlyfrom cantilevered beams 26 and 28 adjacent their pin- receiving
ends 30 and 32, respectively. Each L-shaped transition sections is shown to
respectively include a vertical segment 66 and 68 and a horizontal segment
70 and 72 and a rounded approximately right angle bend 74 and 76
therebetween. A pair of carrier attachment projections 52, are shown
extending forwardly from hor- izontal segments 70 and 72 which are useful
during forming operations in making the new and improved contact 55  16.
The mechanical and electrical performance of pin-receiving contact 16 is
improved because a resilient beam linking member 54 extending from and
interconnecting the pin-receiving ends 30 and 32 of beams 26 and 28 is
provided. In the embodiment depicted in Figs. 4-6, resilient beam linking
member 54 has a generally 4    EP 0 363 170 B1 planar U-shaped
configuration and extends generally parallel to and below cantilevered
contact beams 26 and 28. More particularly, resilient beam linking member
54 includes a pair of arms 56 and 58 each interconnected at a first end by
a rounded bight portion 60 and extending to an opposed end 62 and 64 which
is connected to horizontal segments 70 and 72 respectively. Resilient beam
linking member 54 may be considered as a re- 5   silient system which is
connected in tandem to the pin-receiving ends 30 and 32 of cantilevered
contact beams 26 and 28. As shown in Figs. 4-6, metallicterminal 10 may
also include a rearend 14 (not shown) extending rearwardly from a terminal
transition portion 50 which extends rearwardlyfrom the bight portion 20 of
base 18. As will be apparent to those skilled in this art, terminal 10 may
include another electrical contact portion for connecting 10  a pin
terminal mateably engaged in pin-receiving contact portion 16 to another
circuit member. Illustrative ex- amples of second contact portions
extending from transition portion 50 may include, without limitation:
crimp, insulation-displacement, solder tail and surface mount contact
portions. In greater detail and referring nowto Fig. 5, the new and
improved pin-receiving contact structure 18 gen- erally includes an upper
pin-receiving portion comprising the base 18 and the cantilevered contact
beams 26 15  and 28 and a lower elastic support portion including resilient
beam linking member 54 and linking elements 48 and 48. The pin-receiving
portion of contact portion 16 includes a longitudinally extending
pin-receiving axis, p, which is disposed in an upper half of pin-receiving
contact 16 as shown. The elasticsupport portion of contact 18 is shown
spaced from and below the pin-receiving portion. Advantageously, as shown
in Fig. 5, the height, a, of base portion 18 is greater than the height, b,
of the front end 12 to provide easier insertion of the pin- 20  receiving
contact 16 of terminal 10 Into a terminal receiving cavity of a connector
housing, as will be more fully discussed below. Accordingly, the width
dimension, c, of each cantilevered beam 26 and 28 will be gradually tapered
or reduced along the length of the beam extending between the base 18 and
pin-receiving ends 30 and 32. As is apparent from the embodiment shown in
Fig. 5, the resilient beam linking member 54 may be included in pin contact
section 16 without increasing the overall height of the contact section 16.
25      Referring now to Fig. 8, pin-receiving contact 16 Is shown to be
generally balanced and symmetrical about its pin-receiving axis, p. The
opposing convex contact surfaces 34 and 36 define an early entry
pin-receiving contact section adapted to slideably receive and electrically
engage an Inserted rectangular or round pin ter- minal. An initial contact
gap, d, is provided therebetween which is smaller than the cross sectional
diameter orwidth of an inserted round or rectangular pin terminal. The
opposing straight sided pin mouth surface por- 30 tions 41 and 43 are
separated by a gap, e, which is greater than the cross sectional width or
diameter of the pin to ensure that the opposed side surfaces along the
front end of an inserted pin terminal engage the front ends of cantilevered
beams 26 and 28 along anti-stubbing tapered lead in surfaces 38 and 40. The
configur- ation of anti-stubbing surfaces 38 and 40 also directs the
frontend of an inserted pin between contactsurfaces 34 and 36 and assists
in cammingly deflecting cantilever beams 26 and 28 outwardly during pin
insertion. 35      Moreover, as shown in Fig. 6, the overall width of
pin-receiving contact 16 defined along base 18 indicated by dimension, f,
is preferably larger than the front end width, g, defined between the outer
surfaces of vertical segments 66 and 68 of L-shaped transition sections 46
and 48. As shown in Fig. 6, the provision of the per- formance improving
resilient beam linking member 54 in pin-receiving contact 16 does not
disadvantageously require an increase in the width of the overall contact
18. The reduced width, g, of the front end 12 relative to 40  width, f, of
the base 18 of contact 16 also contributes to the tapered front end 12 of
terminal 10 to facilitate insertion of terminal 10 into a housing cavity of
an electrical connector. The reduced dimensions b and g of front end 12 are
also provided to leave clearance for contact deflection in a manner to be
described below. As has been mentioned above, the new and improved
elastically supported dual cantilever beam pin-re- 



ceiving contact 18 of the present invention provides a contact structure
generally characterized by retained or 45  Improved spring rate per beam
and a significantly improved elastic deflection range, as compared to a
sub- stantially identical contactwhich does not include a resilient beam
supportmember, such as beam linking mem- ber 54 shown in Figs. 4-8. The
performance advantages provided by the new and improved pin-receiving
contact 16 may be more fully appreciated from a working example. By
analyzing the contact configuration of the present invention 50  against
the prior art contacts shown In Figs. 1-3, in an actual contemporary
miniature pin-receiving connector design context, the advantages of the new
and improved pin-receiving contacts, such as contact 16 are pre- sented in
high-relief. In this working example, a valued customer has requested a
product design be prepared for a miniature pin-receiving connector adapted
for robotic assembly on a printed circuit board. The customer has specified
55  that the pin-receiving contact must be able to withstand life cycle
testing including 500 mating/unmating cycles at 10 to20 cycles per minute
without any degradation in mechanical properties. The customer has also
required each contact to develop or apply at least about 80 grams of normal
contact force against the pin in fully mated condition and preferably up to
100grams or more per contact (3.5 oz.). 5    EP 0 363 170 B1 In the
conditions setout by the customer, the pin-receiving contact must have
contact beams having a max- imum length of 0.2896 cms (.114 inches) and a
beam width of about 0.102 cms (0.040 Inches). From the para- meters set out
by the customer it is clear that the pin-receiving contact configuration
chosen must develop the minimum required normal force load, i.e. 80-100
grams per contact under nominal or minimal conditions and 5   be
sufficiently compliant to elastically, resiliently respond to repeated
mating under maximum or worst case mating conditions in view of the life
cycle test requirements. In this example, the minimum condition for mating
is defined for that condition wherein the pin-receiving contact axis, p, is
aligned with the longitudinal axis of the pin terminal. Moreover, the
smallest dimensioned pin which may be encountered due to manufacturing
tolerances is mated with a pin-receiving contact having 10  a contact gap,
d, which is at the widest separation that would be encountered due to
manufacturing tolerances. Under the defined minimum mating conditions,
therefore, the contact beams of the pin-receiving contact will be outwardly
displaced the smallest amount upon mating with the pin. From the customers
specifications, given a 0.0559 cms (0.022 inch) diameter pin terminal and a
contact gap of 0.0408 cms (0.016 inch), and considering manufacturing
tolerances, it is determined that the minimum 15  outward displacement of
each contact beam under the minimum mating conditions is 0.0102 cms (.004
inch). Given the customer's requirementthat the contact achieve a normal
contact load of at least 80 grams per beam, it is calculated that each beam
must have an effective spring rate of at least 20 grams per 0.0025 cms
(.001 inch), because underthe minimum mating condition of 0.0102 cms (.004
Inch) displacement, the mated contact must generate the required minimum 80
grams load. (20 gms/.001" x .004" = 80 grams.) 20      Afterfurther study
of the customer's design criteria, it is determined that a maximum
condition in mating would occur If pin misalignment and all tolerance
variations acted against one beam of the contact. The worst case would
arise when misalignments due to tolerances are all offset in the same
direction away from one side of the pin-receiving axis of the contact More
particularly, the maximum condition occurs when the contact has the
narrowest gap, d, and the pin dimensions are the largest they can be and
all position tolerances work 25  against the contact beam, i.e. the pin
axis is offset from the pin-receiving axis the largest amount Under these
maximum conditions it Is determined that the contact may encounter an
outward mating displacement on one beam of 0.0254 cms (.010 Inches). The
pin-receiving contact configuration is therefore required to have an
elastic response range upon mat- ing with a pin terminal of up to 0.0254
cms (.010 inch) per beam. Expressed differently, each contact beam 30  must
be able to withstand an outward deflection of at least 0.0254 cms (.010
inch) without yielding. Its deflec- tion to minimum yield value must be
greaterthan or equal to 0.0254 cms (.010 inches). As always, the customer
expects the lowest price possible. The elastic deflection range for each of
the priorart contacts shown In Figs. 1-3 and the new and improved
pin-receiving contact 16 shown in Figs. 4-6 was calculated and compared
using a beam length of 0.2896 cms 35  (0.114") and a beam width of 0.102
cms (.040 inches) for each. The material selected was a phosphor bronze
stock having a minimum yield of 0.634x [err] Pa (92,000 psi). For each
contact configuration an average ac- ceptable thickness of stock as may be
used commercially was specified. The spring rate of each beam and the
deflection to minimum yield for each beam of each contact configuration was
calculated in accordance with 



known formulas. The results obtained are set forth in the following table:
40 45 50 55 6    EP 0 363170 B1 TABLE  1:  CALCULATED    SPRING RATE AND
DEFLECTION YIELD  BY CONTACT CONFIGURATION 5   CONTACT TYPE
THICKNESS (inches)   (gms/.001 inch)                (inches) 10    Tuning
Fork  (Fig.1)           0.015             60                      .003 Dual
Beam        (Fig. 2)    0.010               49                       .005
0.0074            20                      .007 Dual Supported Beam 15
(Fig.3)       0.003             20                       .004 This
Invention (Fig. 4-6.) 0.008               29                      .010
0.007             20                      .009 20 (1 inch = 2.54 cms;
1gm/0.001 inch = 0.386 x [err] N/m) The results of Table 1 show thatforthis
customers design citeria in this working example, the tuning fork 25  type
prior art contact of Fig. 1, is predicted to yield even under minimum
mating conditions, and is therefore unsuitable. The prior art dual
supported beam contact of Fig. 2 Is predicted to have a good contact load
gen- erating ability but has an elastic deflection range which is too
narrow to satisfy the maximum conditions. This contact configuration also
does not meet the customers design requirements. The prior art dual
supported beam contact shown in Fig. 3, even In a very thin specified sheet
thickness 30  was predicted to yield at or about the minimum condition and
therefore did not have the specified elastic re- sponse range required.
Only the new and improved pin-receiving contact 16 of the present
invention, as shown in Figs. 4-8, was predicted to provide the required
elastic response range of between 0.0102 and 0.0254 cms (.004 and .010
inch) inclusive, without yielding and provide a normal contact force load
of at least about 80 grams per beam, 35  for the phosphor bronze material
specified. Preliminary product testing for the contact 16 of this invention
has confirmed these calculated values. The product tested having the
configuration shown in Figs. 4-6 and dimensioned as set forth in this
example for 0.0203 cms (.008 inch) material thickness, generated the
required minimum normal force of 80 grams at a dis- placement of 0.0102 cms
(0.004 inches) and after being subjected to step-wise increasing outward
displace- 40  ments, this contact did not begin to yield until the
displacement was greater than 0.0254 cms (0.010 inches). In additionthe
contact 16 of the present invention was analyzed by Finite Element Method
(FEM) analysis and the results of that study indicated that the elastically
supported dual cantilever beam contact 16 of this invention had an elastic
response range broad enough to accommodate all misalignments due to
manufactur- ing tolerances and still provide the desired normal contact
forces required by the customer. 45      The advantage of the tandem spring
receptacle contact design of this invention as shown in Figs. 4-6 is that
one spring assists another spring to achieve the overall mating properties
required. The embodiment de- sign of this invention as shown in Figs. 4 to
6 may be considered as a combination of the dual cantilever beam contact of
Fig. 2 connected in tandem to a tuning fork type contact as shown in Fig.
1. Table 1 shows that each of these spring contact types are unsatisfactory
or too weak by themselves to provide the properties required. 50  However,
when the two contact types are structurally combined in accordance with the
teachings of this in- vention into a single contact system, a pin-receiving
contact having a significantly improved elastic response range and
characterized by high normal contact forces is provided. More particularly,
as shown in Table 1, the contact 16 of this invention at 0.0178 cms (.007
inch) thickness provided a 29% Improvement in the elastic response range
over the Fig. 2 contact at 0.0188 cms (.0074 Inch) 55  thickness. The
contact 16 of this invention at 0.0203 cms (.008 inch) thickness provided a
49% improvement in elastic response range as compared with the same closest
prior art terminal. 



In addition, only the contact 16 configuration of the present invention was
expected to provide the required mating properties using the lower cost
grade phosphor bronzestock specified. Prior art contact shown in Figs. 7
EP 0 363 170 B1 1-3 would have to be stamped out of beryllium copper stock,
which is about seven times more expensive to use than phosphor bronze to
achieve performance characteristics approaching those achieved by the
contact 16 of this Invention. In the alternative, similar properties using
the prior art contacts might also be achievable if the dimensions 5   of
the contact beams were increased. Applicants Invention as now described
achieves superior properties us- ing less material, and lower cost
materials, than was expected to be obtained from the prior art
configurations shown in Figs. 1-3. Again, early product testing of
applicants contact, Figs. 4-6, has confirmed that actual per- formance
corresponds with the calculated properties set forth in Table 1. Referring
now to Fig. 7, an illustrative method for making the new and improved
terminals 10 including 10  pin-receiving contact 16 of this invention, is
Illustrated. More particularly, the steps for making a pin-receiving
terminal 10 are shown. Pin-receiving terminal 10, shown at the right hand
portion of Fig. 7, is adapted to elec- trically connect a pin terminal to a
conductive region defined on a printed circuit board. Terminal 10 includes
the new and improved pin-receiving contact 16 at a front end 82 and a
solder tail contact portion 84 defined at the other end 86. 15     As shown
in Fig. 7, terminal 10 is stamped from sheet metal stock to form a carrier
assembly 88 including a terminal blank 90 defined and extending
perpendicularly between a parallel spaced pair of carrier stripe 92 and 94.
Carrier strips 92 and 94 are provided with spaced apart pilot holes 94
defined therein for feeding or advancing the carrier assembly 88 through
the stamping and forming equipment. In accordance with the method of this
invention now being described, the resilient support member 54 Is 20
advantageously stamped out of the stock at the same time the base 18 and
cantilever beams 26 and 28 are stamped and defined in blank. More
particularly, the blank 90 is stamped to include a generally rectangular
outercut out 98 and an elongate inneroval cutout 100. These punches
generally define the base 18 and parallel cantileverbeams 26 and 28. The
material remaining between cutouts 98 and 100 defines an inner pairof
spring arms 56 and 58. The two pairs of parallel beams, 26 and 28 and 56
and 58, are Interconnected in tandem at 25  the front end 82 by linking
elements 46 and 48. The carrier attachment projections 52 in the blank 90
are in- terconnected at a forward end 102. The forward end 104 of oval cut
out 100 extends beyond the transition sections 46 and 48 into the forward
carrier attachment portions of blank 90. The enlarged rectangular
projection 106 formed bythe interconnected carrierattachmentribs 52 is
provided atthe frontend 82 of blank 90 to permit clamping members in the
forming apparatus to hold the front end 82 during forming operations. 30
In the center portion of Fig. 7, a partially formed intermediate terminal
blank assembly 108 is shown. In- termedlate assembly 108 has been impacted
by tooling dies to define a rearward pair of parallel grooves 110 and a
forward pair of parallel grooves 112 to define fold lines in the
intermediate blank assembly 108 prior to forming up the contact 16.
Intermediate assembly 108 has also been contacted by forming dies to define
the convex contactsurfaces 35  34 and 36 and the anti-stubbing surfaces 38
and 40 In outer cantilever beams 26 and 28. The contact surfaces 34 and 36
have been relatively raised upwardly from the plane of the blank 90 at this
intermediate stage 108 which permits selective plating of the contact
surfaces 34 and 36 to be performed by brush plating or other conventional
plating methods. In the alternative, pre-plated stock may be used in
forming either terminal blank 90 or intermediate blank assembly 108. 40
In the right hand portion of Fig. 7, pin-receiving terminal 10 has been
formed byfolding up the outer portions of intermediate assembly 108 along
grooves 110 and 112 to define the generally U-shaped configuration of
pin-receiving contact 16. Thereafter, thefrontend 12 of contact 16 formed
by severing rectangular projection 106 behind the frontend 104 of oval
cutout 100 to provide the separated pin-receiving ends 30 and 32 in beams
26 and 28. It should be understood that the secondary carrier strip 94,
instead of being defined at the rear end 45  of blank 90, could also be
defined at an intermediate portion of blank 90, such as at a point
rearwardly adjacent base portion 18. The new and improved pin-receiving
contacts 16 of the present invention, are useful for making improved
receptacle connectors for electrically mating pin connectors with another
circuit member. More particularly, and referring now to Fig. 8, a new and
improved connector arrangement 120 of the invention is shown. Con- 50
nectorarrangement 120 is provided for connecting a pluralityofdiscrete
insulated wire leads 122, to conductive regions or printed circuits 124
defined on a printed circuit board 126. 



Connector arrangement 120 includes a right angle pin header connector 128,
which is mounted on a sur- face of printed circuit board 126, adjacent to
an edge thereof. Right angle pin-header connector 128 is seen to include a
dielectric header housing 130, having a mating end 132 and an opposed rear
end, 134. Header 55  housing 130 is provided with a board engaging surface
138, and an opposed top surface 136. Header housing 130 is also provided
with a pair of opposed side surfaces 140, each Including a lock projection
142, as shown. Pin header connector 128 also includes a plurality of
rectangular pin terminals 144, as shown. Each pin terminal 144, includes a
tapered frontrectangularcontact portion 146and a rearward soldertail
contact portion 8    EP 0 363 170 B1 148. Solder tail contact portion 148
may be connected to individual circuits 124 on printed circuit board 126 by
means of any conventional through-hole solder arrangement. A surface mount
arrangement may also be employed in place of solder tails 148 as will be
suggested to the skilled artisan. Connector arrangement 120 additionally
includes a receptacle connector 150, in accordance with the prin- 5
ciples of the present invention. More particularly, receptacle connector
150 is seen to include a dielectric con- nector housing 152, having a
forward mating end 154, and an opposed rear conductor-receiving end 156. A
pairof resilient latch arms 158 extend forwardlyfrom opposed sides of
connectorhousing 152, which are adapt- ed to lockingly releasably engage
lock projections 142 for retaining connector housing 150 in mated
relationship to pin header connector 128. Connector housing 152 further
includes a plurality of terminal-receiving cavities 10  160 defined therein
extending between rear conductor receiving end 156 of housing 152 and a
pin-receiving aperture 162, defined in the forward mating end 154 of
receptacle housing 152. Advantageously, a four-sided Inwardly flared pin
entry portion 164 is defined around the forward end of pin-receiving
apertures 162, to pro- vide an effective guiding lead in for directing the
front pin contact portions 146, into pin-receiving apertures 152. 15
Referring now to Figs. 9 and 10, as depicted therein, the new and improved
terminals 10, including the pin-receving contact section 16 of the present
invention are adapted for press-fit engagement within the ter- minal
receiving cavities 160 of receptacle connector 150. More particularly, as
shown in Fig. 9, the width, h, of the terminal receiving cavity 160 is
designed to closely slideably receive the width, f, of the base 18. More-
over, the pin-receiving aperture 162 defined in the front end 154 has a
cross-sectional dimension, i, which is 20  selected to be narrower than the
width dimension, g, at thefrontend of the terminal and preferably will be
slight- ly smaller than the separation gap, e, provided at the front end of
the terminal. This will insure that the front end 146 of the inserted pin
terminals 144 will firstwipingly engage the anti-stubbing surfaces 38 and
40 defined at the front end 12 of pin contact section 16. The relative
dimensions of the lead-in 164 and the aperture 162 diameter, 1, will help
to positively control the possible mating misalignments of a pin terminal.
As shown In Fig. 25  9, the terminal receiving cavity 160 and front
pin-receiving aperture 162, are located so that as pin-receiving contact 16
is press-fit into cavity 160, the pin-receiving aperture 162 is coaxially
aligned with the pin-receiving axis, p, of pin-receiving contact 16.
Referring now to Fig. 10, the height dimension, j, of terminal receiving
cavity 160, is selected to permit the press fit engagement of pin-receiving
contact 16. More particularly, height, j, is dimensioned for press-fit en-
30  gagement by the upper surfaces 23 and 25 of upstanding legs 22 and 24,
to positively retain the pin-receiving contact 16 at the appropriate
location within terminal receiving cavity 160. The height dimension, j, of
terminal receiving cavity 160 will be approximately the same as the
heightdimension, a, of the base 18 of pin-receiving contact 16. As is
clearly shown in Fig. 10, the resilient beam support member 54 is disposed
below the pin- receiving axis, p, and below housing aperture 162. 35     In
the connector arrangement 120 shown in Figs. 8-10, the rearward conductor
contact portions for elec- trically contacting the conductors of discrete
wire leads 122 are not shown, but as will be apparent to those skilled in
the art, may comprise a crimp contact section or an insulation displacement
contact section or other suitable wire connection means. Moreover, instead
of providing conductor contact portions for discrete wire leads 122
opposite pin-receiving contact sections 16, terminals 10 may also be
provided with cable contact 40  portions such as insulation pierce,
insulation displacement or crimp. In addition, the receptacle connector 150
may also be a board mounted receptacle connector including terminals 10
having second contact portions se- lected from solder tail, surface-mount
or circuit board contact types. Referring now to Figs. 11-12, the new and
improved receptacle connector 150, including the pin-receiving contacts 16,
is shown in mated relationship to an inserted pin terminal, such as a pin
terminal 144 of right angle 45  pin header connector 128 shown In Fig. 8.
in the mated condition shown in Fig. 11, the tapered front contact portion
146 of pin 144 has been Inserted through pin-receiving aperture 162
provided in mating end 154 of 



housing 152. As depicted therein, pin terminal 144 has been inserted in an
aligned manner so that the longi- tudinal axis, k, of the front contact
portion 146  is aligned with the pin-receiving axis, p, of pin-receiving
contact 16. During insertion of pin contact 146, the opposed side surfaces
along the tapered front tip of the pin contact 50  146 engage anti-stubbing
surfaces 38 and 40 of the cantilevered beams 26 and 28, respectively.
Further pin insertion causes each of beams 26 and 28 to be outwardly
deflected an equal amount with respect to pin-re- ceiving axis, p, until
their respective convex contact surfaces 34 and 36 are wipingly, slideably
engaged on opposite sides of pin contact portion 146 at a location
therealong spaced from the tapered tip. The early entry configuration
ensures a long contact wipe on opposed sides of pin contact 146 for
improved, electrical reli- 55  ability. Moreover, as has been demonstrated
above, in an aligned mating condition as shown in Fig. 11, each of
cantilevered beams 26 and 28 may be outwardly displaced away from
pin-receiving axis, p, by, for example, a widerfour-sided pin
orlargerdiameter pin before being overstressed, i.e., without yielding, as
compared with prior art contact structures shown In Figs. 1-3, which do not
include the resilient beam support member such 9    EP 0 363 170 B1 as 54.
In the mated condition shown in Fig. 11, pin insertion causes each
cantilever beam 26 and 28 to elongate slightly and normal forces on the pin
include a combination of forces contributed by each of beams 26 and 28, as
well as spring arms 56 and 58 to which they are attached. Generally,
pin-receiving contact 16 deforms sym- 5   metrically in the aligned
insertion condition shown in Fig. 11, and the normal forces of each convex
contact surfaces 34 and 36 on the opposed sides of pin contact section 146
are generally the same. Referring now to Fig. 12, the pin-receiving contact
16 of receptacle connector 150 is shown mated to a misaligned pin terminal
144. More particularly, as shown in Fig. 12, the longitudinal axis, k, of
pin contact por- tion 146 is laterally displaced or offsetfrom the
pin-receiving axis, p, of pin-receiving contact 18, which condition 10
frequently occurs with multi-circuit connectors. As mentioned above, the
forward end 12 of contact 16 is provided with reduced dimensions b and g,
which are smaller than the corresponding dimensions a and f of the base
portion 18. in this manner, the front end 12 of contact 16 is provided with
a sufficient amount of clearance between front end 12 and the forward end
of terminal receiving cavity 160 to permitthe front end of pin-receiving
contact 16 tofloat in response to a lateral 15   mating misalignment of an
inserted pin contact 146. The width dimension, c, of each of cantilever
beams 26 and 28 at their respective contact surfaces 34 and 36 is generally
large enough to insure that any vertical mis- alignment of the pin axis, k,
with respect to pin-receiving axis, p, of a pin inserted through aperture
162 will still make contact and cause contact surfaces 34 and 36 to be
engaged onto the opposed sides of the inserted pin contact 146. 20     In
the misaligned insertion condition shown In Fig. 12, the pin-contact axis,
k, is laterally offset from pin- receiving axis, p. Cantilever beam 28 is
displaced outwardly from its initial position to the final mated position
shown by a greater amount than cantilever beam 26. At the early stages of
insertion of the misaligned pin con- tact 146, the tip portion of pin
contact 146 displaces cantilever beam 28 away from pin-receiving axis, p,
toward the adjacent sidewall of housing cavity 160 by camming engagement
with anti-stubbing surface 40. In the proc- 25  ess, the elastic support
member 54 and cantilever beam 26 travel or float in the same direction with
the dis- placed beam 28. Further pin insertion causes generally
simultaneous outward displacement of convex contact surfaces 34 and 36
until they are slideably engaged on the opposed parallel side surfaces of
pin contact portion 146. Normal contact forces are developed by both beam
contact surfaces 34 and 36. Expressed differently, the pin contact portion
16 shown in Fig. 12 has floated and the pin-receiving axis, p, of the
contact has moved 30  from an initial position to a laterally displaced
position indicated as p' In Fig. 12. The contact section 16 has floated as
shown in Fig. 12 to meet the pin being inserted, so that the displaced
pin-receiving axis p' is more closely aligned with the offset pin contact
axis, k. In this manner, due to the provision of the resilient member (54)
linking cantilever beams 26 and 28 together and by designing front end 12
to have reduced dimensions with respect to the base 18, the new and
improved pin-receiving contact 16 is permitted to float which allows 35
the contact to become self-aligning with respect to the misaligned pin
terminal being inserted for mating. The self-aligning floating movement
provides two important features for enhanced electrical contact reli-
ability. Firstly, each beam 26 or 28 may be displaced farther without
overstressing the beam because of the resilient beam linking member 54.
Therefore, the displacement and float shown in Fig. 12 does not cause an
overstress to occur in beam 28. 40      Secondly, because the pin-receiving
contact 16 floats to a new center, or new axis p' in response to pin
misalignment, further insertion of the pin causes deflection of both beams
28 and 28 so that normal contact 



loads are developed on both sides of the contact. The contact 16 of this
invention provides a dual cantilever beam system which provides two points
of redundant high normal force contact even in the misaligned mating
condition shown In Fig. 12. 45      These advantageous properties of the
contact 16 of this invention are in sharp contrast to the prior art con-
tacts shown in Figs. 1-3. The prior art dual beam systems shown in Figs.
1-3 generally are not designed to permit float, and if a base portion is
provided which may permit some float, their contact configurations are such
that it will notbea self-aligningfloatas is achieved with the present
contact 16. More importantly, insertion of a misaligned pin into each of
these prior art contact systems will cause displacement of only one
cantilever 50  beam, leaving the opposing beam to make little or no contact
with the pin. As has been demonstrated above, even minor misalignments of
the pin will cause the one beam contacted in these prior systems to be
displaced beyond its minimum yield point. The displaced beam is therefore
overstressed and responds inelastically to the misaligned insertion. As a
result, poor normal contact forces of at least one of the two beams, and
often both, are developed with the prior art contacts shown in Figs. 1-3,
in the misaligned mating condition shown 55  in Fig. 12. The ability of the
new and improved elastically supported dual beam contact 16 to float and
develop two points of high force contact against a mated pin terminal
renders the present contact 16 and receptacle con- nectors 150 containing
them especially useful in high vibration end use environments, such as in
aircraft or 10    EP 0 363 170 B1 automotive applications. In these
contexts, the two high pressure points of contact provided by contact 16 of
this invention, are expected to provide a significant reduction in fretting
corrosion due to environmental vibra- tions. As will be appreciated by
those skilled in this art, both the amountoffloatand the normal force load
applied 5   ateach convexcontactsurface 34 or 36 afterfloatwill be related
to the relative spring rates of cantilever beams 26 and 28 on the one hand
and the spring rates of spring arms 56 and 58 on the other. For example, if
the resilient linking member 54 is designed to be a stiff spring system so
that spring arms 56 and 58 have a high spring rate and each of cantilever
beams 26 and 28 are designed to have a lower relative spring rate, the
contact section would be expected to float readily and the normal force
loads on each side of the pin afterfloat would 10  approach being equal to
one another. However, the maximum range of float in one direction would
have to be carefully controlled so that the cantilever beam lying on the
side of the contact which is in the direction of the float is not
overdeflected beyond its yield point. Alternatively, if the contact is
designed so that the cantilever beams 26 and 28 have a higher spring rate
than spring arms 56 and 58 the contact will have a broader float range,
however, the normal load applied by the following cantilever beam would not
be equal to the displaced 15  beam. In the embodiments having the
configurations shown In Figs. 4-12 herein, the pin-receiving contact 16 was
designed primarily to provide a contact having the broadest possible
elastic deflection range which still meets minimum contact load
requirements. Accordingly, the spring rate ratio of beams 26 and 28
compared with the spring rate of spring arms 56 and 58 for these
embodiments were selected to be at least about 2:1. For other applications
however, normal force loads may be relatively more Important than the
elastic response 20  range to mating displacements. In these circumstances,
the spring rate ratio may be reversed, e.g. 1:2. In a unitary stamped
andformed contactsuch as contact 16 which Is stamped from uniform thickness
sheet metal stock, one method for varying the relative spring rates of
beams 26 and 28 with respect to spring arms 56 and 58 is to vary the
relative lengths of the beams or arms with respect to each other. For
example, by shortening the length of spring arms 56and 58 defined between
thefrontend 12and bight portion 60 of resilient 25  linking member 54, a
higher spring rate for spring arms 56 and 58 relative to cantilever beams
26 and 28 may be achieved. These design variations will be readily
appreciated by those skilled in this art. Although the present invention
has been described in detail with reference to certain embodiments only,
modifications or changes may be made therein by those skilled in the art.
For example, although the present invention has been described as having
particular usefulness In the field of miniature pin and receptacle con- 30
tacts, the new and improved pin-receiving contact section 16, may also be
used in larger pin-receiving contact situations. Although the miniature
contacts of the illustrated embodiments were described as being stamped and
formed from a phosphor bronze sheet metal stock material, it is expected
that If the contacts were stamped and formed from other grades of sheet
metal stock including beryllium coppers, the overall performance ad-
vantages provided by the new and improved contact structure will only be
further enhanced. 35     Although in the Illustrated embodiments described
herein, the resilient beam support member 54 was pro- vided with a U-shaped
configuration,  other resilient beam support member configurations will
also suggest 



themselves to those skilled In the art. For example, beam support member 54
Instead of being U-shaped, might also be W-shaped or C-shaped. In addition,
beam member 54 may be connected in tandem to the front ends of the
cantilevered beams 26 and 28, In a nonparallel manner, depending on the
particular connector applica- 40  tion of use. For example, the beam
support member may possibly extend normal to the pin-receiving axis or in
still other applications it may be possible to provide the resilient beam
support member parallel to the pin- receiving axis but extending forwardly
from the front ends of the cantilever contact beams 26 and 28. The par-
ticular advantage shown by providing the resilient support member as
parallel to the pin-receiving axis, is that it does not require additional
space to be provided in a connector, in order to receive the pin-receiving
contact 45  terminals 10. Moreover, in the illustrated embodiment
described, the base 18 and cantilevered contact beams 26 and 28 define a
generally U-shaped structure adapted to receive rectangular or round pins.
If a pin-receiving con- tact is required for mating with rectangular or
square pins only, then the pin-receiving structure including the base 18
and contact beams 26 and 28 Instead of being an upstanding U-shape may be
modified to be a planar 50  U-shaped configuration more closely resembling
a tuning fork type configuration. Furthermore, although in the connector
embodiment shown in Figs. 8-10, the terminals and housing cav- ities were
designed to provide press-fit engagement or mounting of the terminals
within the housing cavities, other known terminal retention methods may be
substituted. For example, barbs could be provided on upstand- ing leg
surfaces 23 and 25 so that the terminal skives against the cavity sidewall
to provide retention. Alter- 55  natively, locking lances struck out from a
terminal wall portion adapted to lockingly engage a latch recess or
shoulder In the housing cavity may be used. In addition, unitary or
separate housing parts may be engaged within or onto the receptacle housing
which may include a lock projecting member positionable behind a ter- minal
edge to retain the terminal in the housing cavity. Furthermore,  the
terminals may be insert molded into    EP 0 363 170 B1 a subassembly which
may in turn be loaded into the connector housing. Any terminal retention
means or ter- minal position assurance means known to those skilled in this
art may find application herein as well. Finally, in the above description,
the resilient beam linking member 54 has been discussed generally in
connection with dual cantilever beam systems which are generally
symmetrical and balanced, wherein both 5   beams are designed to be
generally simultaneously outwardly deflected by mating insertion of a pin
terminal therebetween. In some design applications, however, it may be
advantageous to provide a relatively one-sided system including a first
relatively rigid ornon-deflectable beam or plate member and a second
opposed flexible beam which undergoes most or all of the deflection upon
pin insertion. The advantages provided by a resilient beam support member
are expected to apply to these one-sided systems as well. Accordingly, the
provision 10  of a resilient beam linking member extending from and
interconnecting the pin-receiving end of the second flexible beam to the
first rigid beam or plate member in such a one-sided contact system is
expected to sig- nificantly increase the elastic response range of the
contact to greateroutward displacements while providing increased normal
contact forces against an inserted pin and is comprehended within the scope
of the present invention. 15 Claims 1. A high contact force, high elastic
response range pin-receiving electrical contact (12), said pin-receiving 20
contact including: a base (18) and a pair of generally planar, spaced apart
cantilever beams (26,28), each lying In a plane parallel to and spaced
apart from the plane of the other beam and extending forwardly from the
base (18) to a pin-receiving end (30,32), each beam (26,28) including a
contact surface (34,36) defined thereon facing the opposed beam for
slidably, electrically engaging an inserted pin terminal char- acterized by
a transition section (66,68) extending from each said beam (26,28) adjacent
said pin-receiv- 25      Ing end and a resilient beam linking member (54)
extending from and interconnecting the transition sec- tions (66,68), said
beam linking member (54) being spaced from said cantilevered beams (26,28)
and be- ing effective to increase the elastic response range of each beam
(26,28) to a greater outward displace- ment while providing a greater
normal force against the pin. 30  2. A pin-receiving contact as claimed in
claim 1, wherein the contact surfaces (34, 36) of said beams (26, 28) are
in opposition and disposed adjacent to the pin-receiving ends of the beams
(30, 32) to define an early entry pin-receiving contact. 3. A pin-receiving
contact as claimed in claim 1 or 2, wherein said base (18) is U-shaped
including a pair of 35      legs (22, 24) upstanding from a bight portion
(20) and said cantilevered beams (26, 28) extend forwardly from said legs
(22, 24), respectively. 



4. A pin-receiving contact as claimed in claim 1, 2 or 3, wherein said beam
linking member (54) comprises a U-shaped spring (54) including a bight
portion (60) and a pair of spring arms (56, 58), each sping arm 40
(56, 58) extending from said bight portion (20) to an opposed end (62, 64).
5. Apin-receiving contactas claimed many preceding claim, wherein said beam
linking member (54) extends in a plane perpendicular to the planes of
cantilever beams (26,28). 45  6. A pin-receiving contact as claimed in
claim 5, wherein the pin-receiving ends of said cantilever beams (26,28)
are connected in tandem to the opposed ends of said spring arms (56,58)
respectively by a pair of L-shaped transition sections (46,48). 7. A
pin-receiving contact as claimed in claim 6, wherein said beam linking
member (54) extends adjacent 50      to said cantilever beams (26,28) on
the same sides of said L-shaped transition sections (46,48). 8. A
pin-receiving contact as claimed in any preceding claim comprising a
unitary metallic contact. 9. A pin-receiving contact as claimed in any
preceding claim wherein said contact provides an effective 55      spring
rate per beam of greater than or equal to 7,72 [err] N/m (20 grams/1.0 x
[err] inches) and an elastic deflection to minimum yield per beam of equal
to or greater than about 0.025 cms (10.0 x [err] inches). 10. A
pin-receiving contact as claimed in claim 9, wherein said metallic terminal
is unitary and formed from 12    a subassembly which may in turn be loaded
into the connector housing. Any terminal retention means or ter- minal
position assurance means known to those skilled in this art may find
application herein as well. Finally, in the above description, the
resilient beam linking member 54 has been discussed generally in connection
with dual cantilever beam systems which are generally symmetrical and
balanced, wherein both 5   beams are designed to be generally
simultaneously outwardly deflected by mating insertion of a pin terminal
therebetween. In some design applications, however, it may be advantageous
to provide a relatively one-sided system including a first relatively rigid
or non-deflectable beam or plate member and a second opposed flexible beam
which undergoes most or all of the deflection upon pin Insertion. The
advantages provided by a resilient beam support member are expected to
apply to these one-sided systems as well. Accordingly, the provision 10  of
a resilient beam linking member extending from and interconnecting the
pin-receiving end of the second flexible beam to the first rigid beam or
plate member in such a one-sided contact system is expected to sig-
nificantly increase the elastic response range of the contact to greater
outward displacements while providing increased normal contact forces
against an inserted pin and is comprehended within the scope of the present
invention. 15 Claims 1.  A high contact force, high elastic response range
pin-receiving electrical contact (12), said pin-receiving 20      contact
including: a base (18) and a pair of generally planar, spaced apart
cantilever beams (26,28), each lying in a plane parallel to and spaced
apart from the plane of the other beam and extending forwardly from the
base (18) to a pin-receiving end (30,32), each beam (26,28) including a
contact surface (34,36) defined thereon facing the opposed beam for
slidably, electrically engaging an inserted pin terminal char- acterized by
a transition section (66,68) extending from each said beam (26,28) adjacent
said pin-receiv- 25      ing end and a resilient beam linking member (54)
extending from and interconnecting the transition sec- tions (86,88), said
beam linking member (54) being spaced from said cantilevered beams (26,28)
and be- ing effective to increase the elastic response range of each beam
(26,28) to a greater outward displace- ment while providing a greater
normal force against the pin. 30  2.  A pin-receiving contact as claimed in
claim 1, wherein the contact surfaces (34,36) of said beams (26, 28) are in
opposition and disposed adjacent to the pin-receiving ends of the beams
(30, 32) to define an early entry pin-receiving contact. 3. A pin-receiving
contact as claimed in claim 1 or 2, wherein said base (18) is U-shaped
including a pair of 35      legs (22,24) upstanding from a bight portion
(20) and said cantilevered beams (26,28) extend forwardly from said legs
(22, 24), respectively. 4. A pin-receiving contact as claimed in claim 1, 2
or 3, wherein said beam linking member (54) comprises a U-shaped spring
(54) including a bight portion (60) and a pair of spring arms (56, 58),
each sping arm 40      (56, 58) extending from said bight portion (20) to
an opposed end (62, 64). 5. A pin-receiving contactas claimed many
preceding claim, wherein said beam linking member (54) extends in a plane
perpendicular to the planes of cantilever beams (26,28). 45  6. A
pin-receiving contact as claimed in claim 5, wherein the pin-receiving ends
of said cantilever beams (26,28) are connected in tandem to the opposed
ends of said spring arms (56,58) respectively by a pair 



of L-shaped transition sections (46,48). 7.  A pin-receiving contact as
claimed in claim 6, wherein said beam linking member (54) extends adjacent
50      to said cantilever beams (26,28) on the same sides of said L-shaped
transition sections (46,48). 8. A pin-receiving contact as claimed in any
preceding claim comprising a unitary metallic contact 9. A pin-receiving
contact as claimed in any preceding claim wherein said contact provides an
effective 55      spring rate per beam of greater than or equal to  [err]
N/m (20 grams/1.0 x [err] inches) and an elastic deflection to minimum
yield per beam of equal to or greater than about 0.025 cms (10.0 x [err]
Inches). 10. A pin-receiving contact as claimed in claim 9, wherein said
metallic terminal is unitary and formed from 12    sheet metal stock having
a thickness of less than about 0.025 cms (10.0 x [err] inches). 11. A
pin-receiving contact as claimed in claim 9, wherein said metallic terminal
is unitary and comprises a phosphor bronze material having a minimum yield
of about 0.634 x [err] Pa (92,000 psi). 5 12. A receptacle connector
comprising: a dielectric housing (150) including a front mating face (159)
with at least one pin-receiving opening (162) and a corresponding number of
terminal receiving cavities (100) defined in said housing (150) ex- tending
rearwardly from each said pin-receiving opening (162); and 10           a
plurality of metal terminals (12) mounted in each of said housing cavities
(150), each terminal (12) incuding a front pin-receiving contact portion
(16) defined by a base (20,22,24), a pair of generally planar spaced apart
cantilever beams (26,28) each lying in a plane parallel to and spaced apart
from the plane of the other beam and extending forwardly from the base
(20,22,24) to a pin-receiving end (30,32) disposed adjacent a pin-receiving
opening, each beam (26,28) having a contact surface (39,36) defined 15
thereon facing the opposed beam for slidably, electrically engaging an
inserted male pin terminal, char- acterised by: each terminal further
including a resilient beam linking member (54) extending from and intercon-
necting a transition section (68,88) extending from each beam (26,28)
adjacent said pin-receiving end. 20  13. A method for making a metallic
terminal (12) including a pin-receiving contact portion (16), said method
comprising the step of stamping generally planar sheet metal stock to
define at least one terminal blank (90) including a base portion
(20,22,24), a first outer pair of parallel beams (26,28) extending from
opposed sides of said base portion (20,22,24) to a forward end, a second
inner pair of arms (56,58) extending between said 25      first pair of
beams (26,28), said inner arms (56,58) being joined together at one end
adjacent to the base (20,22,24) by a bight portion (60) and the opposed end
of each of said inner arms (56,58) being connected in tandem to the forward
end of its adjacent outer beam by a transition section (66,68); forming a
contact portion (34,36) on each of said outer beams (26,28); and
thereafter, forming up the opposed sides of said blank (90) to form a
U-shaped member while main- 30      taining the second inner pair of arms
(56,58) generally in the plane of said sheet metal stock. Such that the
contact portions of said beams (28,28) are positioned to slidably receiving
and electrically engage an inserted male pin terminal, said first pair of
beams (26,28) being generally planar and spaced apart, each beam (26,28)
lying In a plane parallel to and spaced apart from the plane of the other
beam. 35 Patentansprnche 1. ElektrischerStiftaufnahmekontakt(12) mit hoher
Kontaktkraft und hohem elastischem Reaktionsbereich, wobei der
Stiftaufnahmekontakt umfaft eine Basis (18) und ein Pear im aligemeinen
ebener, voneinander 40      beabstandeter vorkragender Arme (28,28), die
jeweils In einer Ebene parallel zu und mit Abstand von der Ebene des
anderen Arms liegen und sich von der Basis (18) nach vorn zu einem
Stiftaufnahmeende (30,32) erstrecken, wobei jeder Arm (26,28) eine auf
diesem geblldete, dem gegenuberliegenden Arm zugewandete Kontaktfliche
(34,38) far ainen gleitbaren elektrischen Eingriff mit ainem eingesteckten
Stiftanschlull aufweist, gekennzeichnet durch einen von jedem Arm (26,28)
angrenzend an das Stiftauf- 46      nahmeende ausgehenden
Obergangsabschnitt (88,68) und aln von den Obergangsabschnitten (66,68)
ausgehendes und sle verbindendes federndes Armverbindungsglied (54), wobei
das Armverbindungs- glied von den vorkragenden Armen (26,28) beabstandet
bst und die Wirkung hat, dag der elastische Re- aktionsbereich (26,28) auf
alne gr8Bere Verlagerung nach aulen erh8ht und zugleich eine gr81ere Nor-
malkraft auf den Stift aufgebracht wird. 50 



2. Stiftaufnahmekontakt nach Anspruch 1, be! dem die Kontaktflachen (34,36)
der Arme (26,28) einander gegenuberliegen und zur Bildung aines
Stiftaufnahmekontakts mit fruhem Eintritt angrenzand an die
Stiftaufnahmeenden (30,32) der Arme angeordnet sind. W5  3.
StiftaufnahmekontaktnachAnspruch 1 oder2, be deam die Basis (18) U-fbrmig
miteinem Paarvon einem Einbuchtungsbereich (20) hochstehender Schenkel
(22,24) ausgebildet Ist und die vorkragenden Arme (28,28) slch jeweils von
dem Schenkel (22,24) nach vorn erstrecken. 13    4. Stiftaufnahmekontakt
nach Anspruch 1, 2 oder 3, be! dem das Armverbindungsglied (54) eine
U-formige Feder (54) miteinem Einbuchtungsbereich (60) und einem Paarvon
Federarmen (56,58) umfaitundjeder Federarm (56,58) sich vom
Einbuchtungsbereich (20) zu elnem gegeniberilegenden Ends (62,64) er-
streckt. 5 5. Stiftaufnahmekontakt nach einem beliebigen vorhergehenden
Anspruch, bei dem das Armverbindungs- glied (54) in einer Ebene senkrecht
zu den Ebenen der vorkragendenden Arms (26,28) verlauft. 6.
Stiftaufnahmekontakt nach Anspruch 5, be! dam die Stiftaufnahmeenden
dervorkragenden Arms (26,28) 10     in Tandemanordnung mit den
gogenuberilegenden Enden der Federarms (56,58) durch sin Paar L-for- miger
Obergangsabschnitte (46,48) verbunden Sind. 7. Stiftaufnahmskontakt nach
Anspruch 6, bei dsm das Armverbindungsgiled (54) angrenzend an die vor-
kragenden Arms (26,28) auf den gleichen Seiten der L-f8rmigen
Obergangsabschnitte (46,48) verliuft. 15 S. Stiftaufnahmskontaktnach einem
bellebigen vorhergehenden Anspruch, bestehend aus einermstallenen
Kontaksinhesit. S. Stiftaufnahmekontakt nach sinem belisbigen
vorhergehonden Anspruch, bei dem der Kontakt sine effek- 20      tive
Federkonstants pro Arm von mehr als oder gleich 7,72 x 103 N/m (20 g / 1,0
x 10-V) und sine elasti- sche Blegung auf sine Minimumfiiesgrenze pro Arm
von gleich oder grOSier als etwa 0,025 cm (10,0 x 10-3) darbietet. 10.
Stiftaufnahmekontakt nach Anspruch 9, bei dem dermetallene AnschluS sine
Einheit bildetund aus einem 25      Metallblechmaterial mit siner Dicke von
weniger als etwa 0,025 cm (10,0 x 10-3') geformt ist. 11.
Stiftaufnahmskontakt nach Anspruch 9, bei dsm der MetallanschiuB sine
Einheit bildet und aus einem Phosphorbronzematrial mit eirier
Minimumflielgrenze von etwa 0,634 x 109 Pa (92.000 psi) bestsht. 30  12.
Steckdosenverbinder, bestehend aus einem dieiektrischen Gehause (150) mit
Siner vorderen Verbindungsflache (159) mit zumindest ei-
nerStiftaufnahmesffnung (162) und einerentsprechendenAnzahl von im Gehluse
(150) gebildeten Stift- aufnahmerlumen (160), die sich von jeder
Stiftaufnahmeoffnung (162) nach hinten erstrecken, und Sener Mehrzahl von
in jedem der Gehauseraume (160) montierton Metallanschlissen (12), wobsi 85
jeder AnschluS (12) einen vorderen Stiftaufnahmekontaktberelch (16)
aufwelst, der von Siner Basis (20,22,24) und einem Paar im aligemeinen
ebener, voneinander beabstandster vorkragender Arms (26,28) gobildet Ist,
die jeweils In Siner Ebene parallel zu und im Abstand von der Ebene des
anderen Arms liegen und sich von der Basis (20,22,24) nach vorn zu sinem
Stiftaufnahmeende (30,32) erstrecken, das angrenzend an sine
Stiftaufnahmeoffnung angeordnet let, wobei jeder Arm (26,28) sine auf
diesem 40      gebildets, dem gsgenfberliegenden Arm zugswandte
Kontaktfliche (34,36) fOr einen gleitbaren elsktr- schen Eingriff mit slnem
singestscktan StckstiftanschluM aufweist, dadurch gekennzeichnst, daB jeder
Anschlu~ferner sin federndes Verbindungagied (54) aufweist, das von einem
von jedem Arm (26,28) an- grenzend an das Stiftaufnahmeende ausgehenden
Obsrgangsabschnitt (66,68) ausgeht und damit ver- bunden ist. 46 13.
Verfahren zum Herstellen Sines metallenen Anschlusses (12) mit einem
Stiftaufnahmekontaktberesch (16), wobei das Verfahren die Schrittb umfaflt,
daB sin aligemein ebenes Metallblechmaterial gestanzt wird zur Bildung
zumindest Sines AnschluB- werkstficks (90) mit einem Basisbereich
(20,22,24), elnem ersten AuBeren Paar paralleler Arms (26,28), 50      die
sich von gegenflberilegenden Seiten des Basisbereichs (20,22,24) zu einem
vorderen Ends er- strecken, und einem zweiten inneren Paar von Armen
(56,58), die an einem an die Basis (20,22,24) an- grenzenden Ends durch
oinen Einbuchtungsbereich (60) miteinander verbunden sind und wobsi das go-
genuberriigende Ends jedes dieser inneren Arms (56,58) in Tandemanordnung
mit dem vorderen Ends seines angrenzenden auSeren Arms durch einen
Obergangsabschnitt (66,88) verbunden !bt, 



55            sin Kontaktbereich (34,36) an jedem der AuSeren Arms (26,28)
gebildet wird und danach die gegenlberilegenden Seiton des WerkstOcks (90)
zur Bildung Sines U-formigen Gliedes aufgeformt werden, wahrend das zwelbe
innere Paar von Armen (56,58) im allgemeinen In der Ebene des
Metallblechmaterials gehalten wird, derart, daB dbi Kontaktberelche derArme
(28,28) in sine Stellung go- 14    EiP 0 3B3 170 i31B1 ! IICI 1111 11111
11111 I"' bracht werden, urn enen eingestecdten steckerstiftanschluB
gleitbar aufzunehmen und mit ihm in einem eleitrischen Eingriff zu kommen,
wobei die ersten beiden Arms (26,28) Im aligemeinen eben und von- einander
beabstandet sind und jederArm (26,28) in ehner Ebene parallel zu und im
Abstand von der Ebene des anderen Arms liegt. Revendlicatlons 1. Contact
electrique rcepteur de broche A force de contact elevee et a intervalle de
reponse elastique 6ten- 10      du (13), ledit contact riceptourde broche
comprenant: une embase (18) et une pairede poutreson porte- a-faux espacees
generalement plates (28, 28), chacune reposant dans un plan parallele A et
etant ecarte du plan de I'autre poutre et s 'tendant vers I'avant A partir
de lembase (18) vers une extremite receptrice de broche (30, 32), chaque
poutre (26, 28) comprenant uno surface de contact (34, 36) difinle sur lul
et faisantface ala poutre opposee pourmettre en prise
electriquementetenglissementune borne a broche 15      inseree, caracterise
par une section de transition (66, 88) s'tendant de chacune desdites
poutres (26, 28) adjacentes A ladito extremite receptrice de broche et un
eiement de liaison de poutre dlastlque (54) s'ebndant des, et
sinterconnectant aux, sections de transition (66,68), 1edit elementde
liaison de poutre (54) etant espace desdits poutres en porte-a-faux (26,28)
et etant efficace pour accrottre l'Intervalle de reponse elastique de
chaque poutre (26, 28) on vue d'un deplacement vers I'exterieur superieur
tout en 20      realisant une force normale superieure agissant contre la
broche. 2. Contactrecepteurde broche solon Ia revendicatlon 1, dana lequel
les surfaces de contact (34,36) desdites poutres (26,28) sonten opposition
etdisposees de fagon adjacentb aux extremhts riceptrices de broche des
poutres (30, 32) afin de definir un contact receptbur de broche de premiere
entree. 25 3.  Contact recepteur de broche solon la revendication I ou 2,
dans loquel laditb embase (18) a une forme en U comprenant une pair de
pattes (22,24) s 'tendant a partird'une partle A anse (20) et lesdites pou-
tres en porte-a-faux (26, 28) asetndent vers l'avant a partir desdites
pattes (22, 24), respectivement. 30  4. Contact recepteurde brochesolon la
revendication 1, 2ou 3, dans loquel leditolementde liaison de poutre (54)
comprend un ressort de forms en U (54) comprenant une partle A anse (60) et
une pairs de bras de ressort (56, 58), chaque bras de ressort (56, 58)
s'etendant de ladite partie a anse (20) A une extremiti opposee (62, 64).
35  5. Contact ricepteur de broche solon l'une quelconque des
revendicatlons precedentes, dans lequel ledit 6lement de liaison de poutre
(54) s'tend dans un plan perpendiculaire aux plans des poutres en porte-
a-faux (26, 28). 6. Contact recepteur de broche solon la revendlcation 5,
dans loquel lea extromits r6ceptrices de broche 40      desdites poutres en
porte-a-faux (26, 28) sont connectees en tandem aux extremites opposees
desdits bras de ressort (56, 58), respectivement, par une pair de sections
de transition de forme en L (46, 48). 7. Contact recoptbur de broche selon
la revendlcation 6, dans lequel ledit element de liaison de poutre (54)
stend de fagon adjacente auxdites poutres en porte-A-faux (26, 28) sur les
memes c6tis desdites sec- 45      tions de transition de forme an L (46,
48). 8. Contact recepteur de broohe solon l'une quelconque des
revendicatlons precedentes, comprenant un contact mitallique fait d'un soul
tenant 60  9. Contact recepteur de broche solon l'une quelconque des
revendications precedentes, dans lequel ledit contact realbse une
flexibiliti de ressort effectIve par poutre superieuro ou egale A 7,72.103
N/m (20 g1I,0 x 10 3 pouces) et uno deviatbon elastique A la lmite
elastique minimum par poutre egale ou superieure A environ 0,025 cm (10 x
10-3 pouces). cs 10. Contact riceptour de broche selon a revendication 9,
dana lequel ladit borne metallique est fabriquie d'un seul tenant et formme
A partir d'un materau de tle ayant une epaisseur inferleure A environ 0,025
cm (lO x 10-3 poucos). 15   



11. Contact recepteur de broche selon la revendication 9, dans lequel ladit
borne metallique est fabriqude d'un seul tenant et comprend un materiau de
bronze au phosphor. ayant une limite elastique minimum d'environ 0,634 X 1
09 Pa (92.000 psi). 5   12. Connecteur femelle, comprenant: un botiler
dielectrique (150) comprenant une face d'accouplement avant (159) ayant au
mons une ouverture r6ceptricoe de broche (162) et un nombre correspondant
de cavites r6ceptrices de borne (100) d6flnis dans ledit boltler (150)
s'etendantvers l'arribredepuis chaque dite ouverture receptrice de broche
(162); at 10           uno plurailte de bornes metalliques (12) montees
dana chacune desdites cavites de bottler (150), chaque borne (12)
comprenant une partie a contact receptour de broche avant (16) definie par
une em- base (20, 22, 24), une pairs de poutres en porte-a-faux espacees et
generalement plates (26, 28), cha- cune reposant dana un plan parallele a
et etant espace du plan de l'autre poutre et s'6tendantvers l'avant A
partir de l'embase (20, 22, 24) vers une extremite r6ceptrice de broche
(30, 32) disposee de fagon ad- 15     jacente A une ouverture receptrice de
broche, chaque poutre (26, 28) ayant une surface de contact (38, 36)
definie sur eile et faisant face A la poutre oppos6e pour mettre an prise
electrique et en glissement une borne mile insarie, caracteris6 en ce qua:
chaque borne comprend en outre un 6lement de liaison de poutre elastique
(54) s'etendant et s'interconnectanit a une section de transition (86, 68)
s'etendant A partir de chaque poutro (28, 28) de facon adjacente a ladite
extremite receptrice de broche. 20 13. Proc~di pour fabriquer une borne
metallique (12) comprenant une partie A contact ricepteur de broche (16),
ledit proced6 comprenant le etapes consistent At: estamperun materiau de
toie generalement plan pour definir au moins une plice decoupee de bor- ne
(40) comprenant une partie A embase (20,22,24), une premiere pairs de
poutres paralliles exterieures 25      (26, 28) s'tebndant des cotes
opposes de ladits partie A embase (20, 22, 24) a une extremite avant, une
seconds pair. de bras Interieurs (56,58) s'eandantentre laditb premire
pair. de poutres (26,28), leadits bras interieurs (56, 58) etant joints
ensemble A une extrimit6 adjacente A l'embase (20, 22, 24) grAce A une
partie a anse (60) et l'extremitb opposee de chacun deadits bras interieurs
(56, 58) etant connectie en tandem A l'extr6mite avant de so poutre
exterieure adjacente grace A une section de transitdcn (66, 30      68);
former une partie de contact (34, 38) sur chacune desdites poutres
extirleures (28, 28); et apres quol, former les cotes opposes de laditb
place decoupee (90) pourfarmer un element de for- me en U tout en
maintenant la secondo pairs de bras Interieurs (56, 58) generalement dane
le plan dudit materiau de tWe, de sorte quo les parties de contact desdites
poutres (26, 28) sont positlonnies pour re- 35      cevoir en glissement et
mettre en prise electriquement une borne mile Ins6ree, ladito promiere
pair. de poutres (26, 28) etant generalement planes et ecartess, chaque
poutre (26, 28) reposant dans un plan parallele et ecarte du plan de
l'autre poutre. 40 45 50 SO    


