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Fi el d(.of the I nvention_This invention ge?‘neral ly relates to the #&ersdf e

el ectfical confiectors and, nore particularly, to a lowinsertion force,

hi g’ contact normal force mating nmale and fenale el ectrical contact
structure and to-el ectrical connectghs~{PsQk ting them Background of
the Invention Various single and du%‘?—gp'r-n'g% femal e contact electrical
term nal s have been provided in the cast for nmaking electrical contact with

mal e term nal s such as pl ns, IHWQ%ERTION FORCE MATING
ELECTRICAL CONTACT STRUCTURE

Field of the Invention

This invention generally relates to the art of
electrical connectors and, more particularly, to a 1low
insertion force, high contact normal force mating male and

j»n

female electrical contact structure and to electrical
connectors incorporating them.

Backaground of the Invention _
Various single and dual spring arm female contact

~ electrical terminals have been provided in the past for making

o0 electrical contact with male terminals such as pins, blades,
edge card contact pads and the like. 1In order to establish
satisfactory electrical connection, one of the terminals must
exert sufficient pressure on the other resulting in a minimum
contact normal force being exerted when the terminals are in

15 a final mated position. However, this pressure causes
frictional drag during insertion and removal, therefore, the

male terminal must be inserted into the female terminal with
sufficient force to overcome the resistance to insertion
presented by the female terminal. In addition, the insertion

20 force of the contact structure must include a 1lifting
component which represents the force required to 1lift or
spread the female contact portions apart to permit insertion

of the male terminal into the female terminal as well as the
horizontal frictional component which is a result of the

25 female contact portions wiping against the male terminal
during the insertion. As a result, in multicircuit
arrangements including a large number of female terminals
mounted in a connector adapted to mate with a male connector
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edge card contact pads and the like. In_order to establish satisfactory

el ectrd cal connection, one of the term A&"s must exert sufficient pressure
on the other resulting in a mninmum contact nornal force being exerted when
the‘terminals are in a final mated position. However, this pressure

Corminal  mdt g AApErina Gy Ry 8 noliR Be R Adinale, TME
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addi tion, tReiNSeid Ubdirne < thh® €8 idralY Unbere ionsforas! telgured
l'ifting conponent Ich represents the force required to lift or.s reaﬁi t he
femal e cont &Q TMR%e ithe nde and, femake coRBertrys BRY: Rt %Péexf‘%}%ﬁh’aq Into

the fema e term nal asgaelieds effforite itonprdvidé chnordlectamimaientontact is

a result of é‘é]z?ucture characterized by reduced insertion force have
generally included modifying the female terminal or contacts.
In U.S. Patent No. 4,175,821, for example, a female terminal
is disclosed which includes a dual opposed spring arm contact
10 member wherein the contact portions of the opposed arms are
axially offset from one another in the longitudinal direction.
As a male pin contact is inserted between the female spring
arms, the pin engages the first spring arm on the female
terminal and lifts it out of the way, before contacting the
15 second spring arm and moving that contact out of the way. As
a result, a lower peak insertion force is achieved because the

male terminal 1lifts only one female spring arm at a time.
Another modified low insertion force female terminal
is disclosed in U.S. Patent No. 4,607,907. The female contact
20 in this patent is a stamped and formed terminal which includes
a rearward box-like member from which extend cantilevered
spring arms having contact portions at their free ends. The
contact portions are axially longitudinally offset similar to
the contact portions in the aforementioned patent, but, in
25 addition, they are configured so that they overshoot the
midline of the insertion region which permits lower spring
rates to be used, both factors of which contribute to an

overall low insertion force female terminal.

Subsequent efforts to provide an electrical contact
30 structure characterized by reduced insertion force have
included modifying the male terminal contacts. For instance,
in U.S. Patent No. 4,740,180, dated April 26, 1988 and
assigned to the assignee of this invention, a low insertion
force contact structure is disclosed including a male terminal
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femal e contact portions w ping against the nmale termnal during the

I nsert4 on. As a result, in ml titdrcuit arrangenents including a
Iarge nunber of fermale termnals nmounted in a connector adapted to nate
with a mal e connector -2- having a correspondi ngly | arge nunber of nale

Lerminal o cHAVARG b THLEEERoL69arin BOREIAN JFLYh 6 LBAGF: CA% ALY he
mal e and f ea@hpted Rt egagaiathdeadtr @nd \cdritgict Ef ld demxeoheyninal .
provi de an glectrieal) PN Y IHEkWET R BRECLATLEEH PiadoHGRIEL D1 On
the male terminal is effective to gradually cam outwardly
5 contact portions of a pair of spring arms of the female
terminal from an initial position to a final mated position
to provide a low overall insertion force and at the same time
provide a high contact normal force between the female and
male terminals. The mating electrical contact structure and
10 camming profile disclosed in this patent have proven effective
to provide a highly reliable, low insertion force contact
interface. However, the design is not easily adaptable for
miniaturization, i.e. for reducing individual terminal size
in order to produce denser arrays of terminals in increasingly
15 smaller packages. Furthermore, the solid lead-in portion of
the male terminal has limited mating depth and does not
generally permit applications in which sequential or staggered
mating may be required. Although these limitations are not
critical in many applications, they may provide potential
20 problems in some specific connector applications.

Therefore, the present invention is directed to
provide further improvements in electrical contact structures
characterized by reduced insertion forces, particularly of the
type shown in U.S. Patent No. 4,740,180.

25 Summary of the Invention

An object, therefore, of the invention is to provide
a new and improved low insertion force, high contact normal
force mating male and female electrical contact structure of

the character described.
30 In the exemplary embodiment of the invention, a
mating electrical contact structure is disclosed including a
male terminal and a female terminal. The male “erminal is an
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generally included nodifying the female term nal or contacts. In U S
Patent* No. 4,175,821, for exanple, a feffie termnal is disclosed which
i ncl udes a dual opposed spring arm contact menber wherein the contact
portions of the opposed arns are axially offset fromone another in the
| ongi t udi nal

' | on, I.R. cont a LS inserted_bhetween t.he
femal e spri r?&%g{ﬁ%el ?%n%“ﬁ%@%ﬁgi\’gﬁg‘l‘ﬁh’égf%r gﬁ“?Sr f:ﬁ&%gls:% b%etahv\gqu% a
term nal anddowardly eutevnflinge lemad-isefportiont actThey fhmlaiecdmrmi:na'hg
d s C s e e :
?Lgne?tn i o?¥3?%el%sacﬁﬂgg:%laﬁvé{ hg%Fﬁ %??nén;#é+)f??s %nl ye ong ?%trral e
spring arm SPRPfing:. oonhiach mArtiong | whirhsedefdnef orceleadmin moUkhal
i s di sclsoseadtdrdbetwdin £ntcditer1 BP,/ $HY .coittadte Pure s st tHe tfdnfale

patent is at%r?n”fr?a aréc]iref Ora agttesr rri‘:c? alel\,\e@tcrr}.clarl(ilyucjg%gage the lead-in
portion of the male terminal as the male terminal is inserted
into the mouth between the spaced-apart portions of the female
terminal. '

10 The invention contemplates an improved mating
contact structure wherein the cross-sectional camming profile
of the lead-in portion of the prior art male terminal is
retainéd, thus maintaining a low insertion force mating male
and female electrical contact structure. However, the lead-in

15 portion of the male terminal is designed so as to exhibit
virtually no side vector force components, to reduce contact
stubbing, to increase individual contact wipe, and to allow
for high density, reduced pitch configurations. Specifically
the lead-in portion of the male terminal of the invention is

20 split and defines a pair of symmetrical diverging beams
extending forwardly and angled transversely outwardly of the
final contact area of the male terminal. The beams have
inwardly facing, laterally offset, opposing camming portions
adapted to increasingly deflect the contact portions of the

25 spring arms of the male terminal as the male terminal is moved
from an initial position to a final mated position wherein the
female contact portions are in engagement with the final
contact area of the male terminal. Therefore, normal forces
between the contact portions of the spring arms and the

30 corresponding camming portions gradually increase until the
final mated position is achieved.

As disclosed herein, the diverging beams of the male
terminal exhibit force components against the spring arms of
the female terminal only in directions opposite the mating
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a rearward box-1ike nmenber from which extend. cantilevered spring arns
havi ng contact portions at their free em8s. The contact portions are
axially longitudinally offset simtar to the contact portions in the
af ofenenti oned patent, but, in addition, they are configured so that they
overshoot the mdline of the insertion region which permts_|ower priqg
?gwth

rates to be digectinn nh angd:t Be¥PENdiFudAaY oRPr iR e ing oPdARe
i nsertion fajeyairRiEs S haaNtiirefoHs cauribiel Mdrtudllyrayi dddan vector
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O ol e " e bl SPRLBEY LE5eLBIL 6] EAL WEbHE St POV ORI B
the spring arms of the female terminal. The oprosing camming
portions of the diverging beams, generally, are continuations
of the opposite planar sides of the final contact area of the
male terminal. The beams have chamfered tips to reduce the
10 chance of stubbing upon mating of the female and male
terminals. The contact portions of the spring arms of the
female terminal are rounded to further facilitate easy mating
between the terminals. Furthermore, the split male
configuration allows for increased terminal mating length
15 whereby the mating depth of the male and femalz contacts is
easily varied by changing the camming profile, 4nd consequent
wiping action of the contacts can be easily adjusted as
desired. Finally, the relatively uncomplicatesi structure of
the male terminal is easily manufacturable by stamping and
20 forming and may be miniaturized so as to be operative on
closer center spacings in the packaging arrays «f today's high
density connectors.
Other objects, features and advantages of the
invention will be apparent from the follcwing detailed
25 description taken in connection with the accompanying
drawings.
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having a twsted lead-in portion with at | east one surface adapted to
engage at | east one contact of a fermal e~6erm nal. Specifically, during
insertion the twisted |ead-in portion of the male termnal is effective to
graflual ly cam outwardly contact portions of a pair of spring arns of the
femal e term nal fron1an |n|t|al position fo a final mated position to
provi de a | Bli8ke E fthe Drawindsihe sane tinme provi de a high
C?nt ?Ct nf)rmil 1‘0{06t l’!mét/\ﬂﬁéhﬁ\h&eé espl enagdlgv}eﬁt&ahrrrmabg a"fbe#mhleﬁ@d
el ectrica act structure rofil.e disclosed in thi t
have. pr oven E81 PRCASYEY G SIS R R et s he drbenpsd
cont act clains. The invention, together w1th its objects and the

5 advantages thereof, may be best understood by reference to the

following description taken in conjunction with the
accompanying - drawings, in which 1like reference numerals
identify like elements in the figures and in which:

FIGURE 1 is a perspective view of a mating

10 electrical male and female contact structure of the prior art,
particularly as disclosed in U.S. Patent No. 4,740,180;

FIGURE 1A is a perspective view of the male and

female contact structure of Figure 1, in mated condition;
FIGURE 2 is a perspective view of a mating
15 electrical male and female contact structure of the invention;
' FIGURE 23 is a perspective view of the male and

female contact structure of Figure 2, in mated condition;
FIGURE 3 is a fragmented side elevational view of

the male terminal of Figures 1 and 1A;

20 - FIGURE 4 is a fragmented side elevational view of
the male terminal of the contact structure of Figures 2 and
2A;

FIGURE 5 is a fragmented side elevational view of
the female terminal of the contact structure of Figs. 1 and

25 2; and

FIGURE 6 is a fragmented side elevational view of
a second embodiment of the subject invention;

FIGURE 7 is a fragmented side elevational view of
a third embodiment of the subject invention; and

30 FIGURE 8 is a perspective view of a plug and
receptacle connector assembly applicable for use with the
invention.

.
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I nterface. However, the design is not easily adaptable for mniaturization,

i .e. for reducing |nd|V|duaI termnal skze in order to produce denser
arrays of termnals in increasingly smaller packages. Furthernore, the
solid lead-in portion of the male terminal has linmted mating depth and
does not generally permt appllcatlons I n mhlch sequentlal or staggered
nat:ng pay De .h‘-d%nh £ «) | eferyre pbedimentritical in many
applications, they ma peLent.i.a n S |

connect or appl i cati on?%ﬂs% 96 g &%@%ﬁﬁbﬁn??gﬁeﬁspﬁfgé?ed atlr(l)d
provi de fur @iast npeovRimixesi i eFB@t 3caR cheW adinsantianr EQreRamAtERY zed

by reduced igisRityi¥nl %&%c@%&w&ﬁé YgsferdELY Ydes Efeited M 4), £ Raient
No. 4, 740 180., Summary, of the Inventjon
prior art is shown, particularly a contact structure similar
to that disclosed in U.S. Patent No. 4,740,180. The contact
structure includes a male terminal, generally designated 12,
having a final contact area 14 and a forwardly extending lead-
in portion 16 which has a gradual twisted cross-section
10 relative to final contact area 14. A rear portion 18 is

provided, such as a solder tail or contact pin, adapted to

engage an external circuit member rearwardly of final contact
area 14. The male terminal is formed by stamping sheet metal
stock of desired thickness, and thereafter coining and

15 twisting the lead-in portion 16 to impart the desired helical
or twisted configuration as shown.

Mating electrical contact structurz 10 further
includes a female terminal, generally designated 20, adapted
to mateably receive male terminal 12. The female terminal,

20 shown in detail in Figs. 1, 1A and 5, is an integral metallic
stamping including a generally rectangular base portion 22 and
a pair of laterally offset, vertically opposing cantilevered
springs arms 24 and 26 extending'forwardly from opposite sides
or edges of base portion 22. Springs arms 24 and 26 are
25 formed so that they extend first away from each other at a
base portion 22 and thereafter toward each other. Free ends
24a and 26a of the spring arms are adapted for engaging
twisted lead-in portion 16 of male terminal 12 during mating
of the terminals, whereby the twisted portion gradually cams
30 outwardly or deflects the spring arms from an initial position
to a final mated position. The dual opposing spring arm
configuration of female terminal 20 defines an insertion
mouth, as generally indicated at 28, extending between free

_—
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An object, therefore, of the invention is to provide a new and inproved | ow
i nsertion force, high contact nornal for&e mating male and femal e
electrical contact structure of the character described. In the exenplary
enbodi ment of the invention, a mating electrical contact .structure is
discl osed, | ghh] Bt Sl Talecolf e SR L ng! 3 TS T2 v
joining a fibinwahel ;im)ebtli@blmg:ﬂ eadhow MYt i on. The fenal e term nal
I ncludes dual -canti | C¥4L ui%r' 8 agl{r&@a\él NPa PO (;:mai%%r 12 and female
terminal 20 of the prior art of Figure 1, in fully mated
5 condition. During mating, twisted lead-in portion 16 of male
terminal 12 is effective to engage free ends 24a and 26a of
spring arms 24 and 26, respectively, to gradually cam
outwardly or deflect the spring arms and gradually increase
the insertion forces until the spring arms wipe along final
1o contact area 14 of male terminal 12 to achieve their final
mated position as shown in Figure 1A.

It can be understood from the above description of
the prior art shown in Figures 1, 1A and 3, that the twisted
lead-in portion 16 of male terminal 12 prevents extended

15 mating length of the terminals which may becore necessary in
applications where tolerance may prevent adequate wipe, or
when longer grounder pins are required for sequential mating.
Furthermore, manufacturing and dimensional considerations of
the twisted solid construction of the male prevents a mere

20 'downsizing of the contact mating structure to schieve closer
spacing, thus obviating its use miniature, dense array
connectors.

Referring now to Figures 2 and 2A, the invention is
incorporated in a mating contact structure, generally

25 designated 30, similar to contact structure 10, in that female
terminal 20 is substantially identical to that described above
in relation to Figures 1 and 1A. Therefore, f{irther details
of the female terminal will not be repeated, e..cept to state
that free ends 24a and 26a of spring arms 24 and 26,

30 respectively, have rounded contact portions 24b and 26b,
respectively. This is also true for the construction shown
in Figures 1 and 1A. In addition, the female cerminal has a
rear end 32 mountable in a connector housing (not shown)
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opposi ng contact portions which define aglead-in nouth therebetween.
CGeneral ly, the contact portions of the f@mal e terninal are adapted to
electrically engage the lead-in portion of the nale termnal as the male
‘termnal is inserted into the mouth between the spaced-apart portions of

the female ta‘?fdz}dr?![aﬁa-g\?ed R WnigdiyeC QR 8FRLRANSS é&%m iR d R riPTHERC

structure wher e cross-sectl onal cammng profile of the |lead-in
portion of TFATWNALILY L e (RPREHAN 22-retained, thus maintaining a | ow

insertion force mati nomdelisgarshdetPicak! evntactl sepueturet r 30t UsL. the
el N R PP S8 2s ey IS Y Moo SN Uk Gy ',
st ubbi n@, t dnsexrtsiskei fiftoi duaitihc @8 abétweer, sprdngo aaimsHw4 and 26 of
female terminal 20, in the direction of arrow "B". The male
terminal includes a final contact area 36 similar to final
contact portion 14 of male terminal 12 (Fig. 1). Male
terminal 34 may include a rear tail or pin portion such as
lo rear portion 18 of male terminal 12.

Referring - to Figs. 3 and 4, the invention
contemplates that male terminal 34 exhibit the same gradual
camming action and resultant low insertion force as the prior
art male terminal 12, with advantages not found in the prior

15 art. Therefore, the same mating effect will exist between

terminals 20 and 12. Specifically, male terminal 34 includes

a lead-in portion which is split and defined by a pair of

laterally offset, symmetrical diverging beams 33 and 40 which

extend forwardly and are angled transverselv outwardly of

20 final contact area 36. The tips of the beams are chamfered,

as at 38a and 40a, to reduce the chance of stubbing, i.e.

avoiding any interference with spring arms 24 ard 26 of female
terminal 20.

Referring to Figure 4 in conjunction with Figure 2,

25 final contact area 36 of male terminal 24 is generally

rectangular in cross-section, as best seen in Figure 2, to

define opposite planar sides 42 and 44 (Fig. 4). Diverging

beams 38 and 40 are generally rectangular in cross-section as

best seen in Figures 2 and 4. This rectangular configuration

30 defines inwardly opposing, laterally offset, symmetrical

camming portions 38b and 40b as seen in Figure 4. In the

preferred embodiment, camming portion 38b of beam 38 is

planar, forming a continuation of planar side 42 of final

contact area 36, and camming portion 40b ~f beam 40 is
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for high density, reduced pitch configurations. Specifically the lead-in
portion of the male termnal of the |nmé%|(n1|s split and defines a pair
of symmetrical diverging beans extending forwardly and angl ed transversely
outwardly of the final contact area of the nale termnal. The beans have

BRI SRS Cir L U T W G e S e
term nal assifie " coferfiiinall ¢ceonhactdakeam i | ni'Imaaisqusm i areao4a fimal
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the final cgntact area o he nale term ore, nornal forces
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achi eve and 26b of spring arms 24 and 26, respectively, slidingly
engage the male terminal, as described below.

More particularly, referring to Figure 2 in

conjunction with Figure 2A, as male terminal 24 is inserted

10 into female terminal 20, beams 38 and 40, which define the

lead-in portion of male terminal 34, initially engage rounded

contact portions 24b and 26b of spring arms 24 and 26,

respectively. 1In moving from this initial position to a final

position shown in Figure 2A, contact portions 24b and 26b of

15 the female terminal will respectively slide along planar

camming portions 38b and 40b of beams 38 and 40, respectively,

through radiused transition area 41, and onto cpposite planar

sides 42 and 44 of final contact area 36 of male terminal 34,

all as best seen in Figure 4. Beams 38 ard 40 of male

20 terminal 34 are effective to gradually cam outwardly or

deflect spring arms 24 in opposite directions, as indicated

by arrows "C" (Figs. 2A and 5), and the force vectors exerted

against the spring arms exist only in the directions opposite

the mating direction and perpendicular to the mating plane,

25 i.e. in a direction opposite arrow "B" in Figure 2, and in the

direction of arrow "C" in Figure 2A. The chamfered lead-in

areas located at the free end of diverging beam.. 38 and 40 are

mated "head-on" with spring arms 24 and 26 and therefore

exhibit no stubbing upon insertion. Furthermure, the split

30 configuration of both terminals allows for variable mating

lengths, either within the same connector when sequential

mating is desirable, or in different applic.ations, where

tolerance and other dimensional considerations may necessitate

increased wiping action.
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As disclosed herein, the diverging beang,of the male termnal exhibit force
conponents agai nst the spring arns of thé female termnal only in

di rections opposite the mating direction and perpendicular to the mating
pl ane of the term nals, and therefore exhibit virtually no side vector

force components. Theiguids @ndrdt 7a6R8woh litednatles dedigntl of Sagmaaeal |y
rectangul ar,in ¢cro |

- ion, h, ' id f I i_dabl
cngageabl o BHTBRBSIORRYENT,BiVRERLRBY SPALE SRR, LD eI, Hhe, Same
termnal. gbadupjoscagmingnipxpfide i ofs tie t Hmvéintdrogi ninbeangengeaddyl |y,
-are continual 908 .8 b 188RA bR, Pha"8hpSkds S8 pldlfad 'HilinS O WAH 13kE2 Of

t he

5 reference numbers, in primes, designating like elements, as
described above. _ '

Lastly, Figure 8 shows an electrical connector
assembly, generally designated 60, which is applicable for use
with the electrical contact structure of the invention as

10 described above in relation to Figures 1-7. Of course, the
invention is applicable for use with a wide variety of
connector assemblies. 1In the assembly of Figure 8, a male
connector, generally designated 62, includes a plug portion
64 for insertion into a receptacle pértion 66 of a female

s connector, generally designated 68. Connectors 62 and 68 are
elongated for mounting a high density array of male terminals
34 (Figs. 2, 2A and 4) and female terminals 20 (Figs. 1, 1A
and 5) therewithin. For instance, it can be seen that plug
portion 64 of connector 62 has four rows o©f passages 74

20 extending lengthwise of the connector, with forry passages in
each row, for a total 160 passages in the array. The passages
are adapted for receiving female terminals 20 within the
connector. Each passage 74 is defined by four side walls,
which limit the lateral movement of the female terminal spring

25 arms 24 and 26 upon mating of the plug and receptacle
connector assemblies. Specifically, 160 femala terminals 20
are mounted within the passages, with the mati.ig ends of the
terminals, comprising spring arms 24 and 26, facing toward the
open mating ends of the passages visible in Figure 8. The

30 relatively resilient and fragile female terminals 20 are

therefore protected from damage and/or deformation upon
mating. The relatively rigid male terminals *4 are mounted

in receptacle connector 68, each male being received in a

passage 74 upon mating of the connector assemblies 60 and 62,

_—
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mal e term nal . The beans have chanf erednJa# Pps to reduce the chance of
st ubbi ng upon mating of the female and e termnals. The contact portions
of the spring arnms of the female terminal are rounded to further facilitate

eas? mat i ng bet ween the “termnals. Furthernore, the split nale
configurati | S i n t h
mating dept Yhatl | 248 EBLn) LA BEEEYNGla i 8l RRT N3N 8 indiiftea

e con acts Is easi|ly varied by changj ng
t he cammi ng witdin ecoam%@ﬁséﬁueﬁprw%W%cVFGﬁ o‘Fh‘E h&epghead mﬁg‘{rﬁa
easily adj uglcRthtaa dpRi 668Anector! b¥. the hHel &tda‘dfﬂlty @ppaintc aieat Stwith ur e
of the male termnal is easil nuf acturable.b I ng_and for
may be ni ni AUFH ?e&%%é‘“@%en%pgﬁgﬁf‘ge 85‘“?:1’%%5 gﬁﬁt%’?s%{) i?'ﬁges%ea%jhe
packagi iy arirpysl wéd tirf aatiny gbntiectiolrs 62nandt68 can be guite large and
the advantages of the low insertion force terminals of the
invention are evident. In addition, such a high density array
of terminals within the connector assembly illustrates how the
terminals of the subject invention may be miniaturized, i.e.
10 put on closer center spacing, to achieve a dense array.

It will be understood that the invention may be
embodied in other specific forms without departing from the
spirit or central characteristics thereof. The present
examples and embodiments, therefore, are to be considered in

15 all respects as illustrative and not restrictive, and the
invention is not to be limited to the details given herein.
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Ot her objects, features and advantages (gfsthe invention will be apparent

from the foIIovm ng detail ed description taken in

acconpanyi ng draw ngs. -6- Brief Description oﬂﬂlﬂﬁ“ﬂ“mmmm

features of this invention which are believed to be névet ate Set* forth

yvltth Bart;catggg_gyt Y in the appended cl ai ms. The invention, together with

its objects an e advant ageg '&@%Eﬁ:t

to the follow ng deng'i pti t g ggéicﬁzcoééﬁm&ﬁ%% 190%8)/ He S NCe
a low insertion force, high normal force matlng contact

structure (30) defined by a male terminal (34) and female

5 terminal (20), said structure including
"said male terminal being an elongate conductor
having an upper surface and a lower surface, each of said
surfaces including a final contact area (36) Jjoining a
forwardly extending lead-in portion, |
10 said female terminal including spaced-apart dual

cantilever spring arms (24, 26) with mutually opposing contact
portions (24b, 26b) defining a conductor-receiving mouth (28)
therebetween through which the conductor is slidably received,
one contact portion (24b) engaging the upper surface and the
15 other contact portion (26b) engaging the lower sarface between
an initial position and a final position wher:in the female
contact portions are in engagement with the final contact area
(36) of the male terminal,
whereby, when the contact structure is moved from
20 +the initial position to the final position, each of the
forwardly extending lead-in portions of the ma.e terminal is
effective to gradually and uniformly deflect & respective one
of the contact portions of the spring arms, cauring the normal
force between the contact portions of the spring arm and the
25 upper and lower surfaces of the male terminal to gradually
increase,
the contact structure characterized in that:
said lead-in portion of said male %terminal has a
pair of diverging, non-parallel generally non-deflecting split
30 Dbeams (38,40), including
inwardly facing, laterally offset, opposing cammihg
portions (38b, 40b) adapted to initially engage and gradually
deflect said contact portions as the contact structure is
moved toward its final position

—_—
———
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acconpanyi I n which |ike re rence nunerals identify |ike
el enent s muﬂ " r"ﬂluﬂlrj I n whi ch: JRE 1 is a perspective view of a
mat | ng eI female'contact structure of the prior art,
partlcularly as disclosed in US. Patent No. 4,740,180; FIGURE 1A is a

perspective view of t éggﬁ oph@c t u n
mat ed condition; FI GU%E‘%QH} a c‘??:f/e v?eévng?éyﬁrrg%?ﬁg&thgt H%cgjhénn | e
and fennl e EORtAGE PPTEions &ffpt'ﬁéel FPEANDORTRS CORBUES; §1'h emindmal, e

view of the 1&%@&@% feopte aRRlidg Sontedtr stehictugd, e ahd i ahaa@&ekdual
condition; EIGQJRE 3 is a fra ed side e]evational MIEMIOf

Corm nal  of JACEEASE 110 OTRALE EeaLEd i 0 i BhehEE, Morhal

view of 5 force between the male and female terminals, and whereby

greater wiping action over a greater length of the conductor
is achieved.

2. The electrical connector assembly as set forth

in claim 1, wherein said diverging beams (38b, 40b) of the

10 male terminal (34) are generally rectangular in cross-section

with the opposing camming portions (38b, 40b) thereof being
generally planar.

3. The electrical connector assembly as set forth
in claim 2, wherein the final contact area (36) of the male
15 terminal (34) is generally rectangular in cross-section and
has opposite planar sides (42, 44) which are slidably
engageable by the contact portions (24b, 26b) of the spring

arms (24, 26) of the female terminal (20).

4. The electrical connector assembly as set forth

20 in claim 3, wherein said opposing damming portions (38b; 40Db)
of the beams (38, 40) generally comprise continuations of the
opposite:planar sides (42, 44) of the final contact area (36).

5. The electrical connector assembly as set forth

in claim 4, wherein said beams (38, 40) have chamfered tips

25 (38a, 40a) to prevent stubbing of the female terminal upon
mating.

This Sheet Has Been Reﬁaced
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JLTLOO0 LI
he male terminal of the’ contact structure of Figures 2 and 2A; FIGURE 5 is
a f ragnment iﬂll“l '“ ﬁ HEII view of t#®female terninal of the contact

structure and FIGURE 6 is a fragnmented side el evati onal
view of a second errbodl ment of the subj ect invention; FIGURE 7 is a
fragmented side el evani onal VI e of, ird enb di nent _of.the syl

i nventi on; and . Fl GUR®-g | B¢ é' CVFBW: pPr afﬁ?@)%oaﬁ ?p?%%Fg

connect or aine&thhxlmampl wh&bb&nf saidsaivergingcbeamsn(3®N.40) of the male
terminal are generally rectangular in cross-section with the
opposing camming portions (38b, 40b) thereof being generally

5 curved.
7. The electrical connector assembly as set forth
in claim 1, further characterized by:
a plug connector (62) and a receptacle connector
(68),
1o the plug connector including a dielectric plug

housing (64) having a forwardly-extending mat:ng face and a
rearward terminating face, with a plurality of terminal-
receiving passages (74) formed therethrough, each passage
being defined by four side walls and having a female terminal

15 (20) mounted therewithin, the female terminal being positioned
so that the contact portions (24b, 26b) of the spring arms
(24, 26) are located rearward of the mating fazui.. and rearward
of the opening of the terminal-receivihg passage (74)
proximate the mating face,

20 the receptacle connector including a dielectric
receptacle housing (66) with a plurality of wrale terminals
(34) mounted therein each adapted to be received in a
corresponding one of the terminal-receiving passages (74) of
the plug connector (62), '

25 whereby, upon receipt of the male terminal (34) in
a corresponding terminal-receiving passage (24), the female
terminal (20) is protected from damage by the four side walls '
of the terminal receiving passage (74) of the plug housing,
and a low overall mating force between the plug connector and

30 the receptacle connector is achieved.
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Det ai l.ed Description of the Preferred Enbodi nent Referring to the draw ngs
in greate u““ln “ln““st to Figures~l6-and 3, a low insertion force
matjng el M“mm structure generally designated 10, of the prior
art is shown, Spattitul arIy a contact structure simlar to that disclosed in

U.S. Patent No. 4,740, 180. he cont act, st[uctur cludes.a_nale termnal,
general |y designated £ hdbilqy dnferkiop.ferge. g}‘(-.g&' RETEAL £°F8?\Mfd’r’§ﬂ
ext endi ng | edectriqaX téamté@tv&tnlnch@tea(gm)aduaﬁptistﬁgd cross-section

relative to final cont %aféeéeégjp?%ﬁ {5‘?@”%]296 : ? |§e 9}{55}9? uch as

a solder tail or contact prn erna CII‘CUI
rearwardly of final coaidt malea terminslrmbeelngrmmaelbagaberrmprtguctor

stanpi ng shegglyify @ first surface and a second surface, each of said
surfaces including a final contact area (36) joining a split
lead-in portion (38, 40), said split lead-in portion having

a pair of diverging, non-parallel generally non-deflecting
split beams (38, 40) extending forwardly from the final

10 contact area with inwardly facing, laterally offset, opposing
camming portions (38b, 40Db);

said female terminal including dual spaced-apart
cantilever spring arms (24, 26)' with laterally offset,
mutually opposing contact portions (24b, 26b) defining a-

15 conductor-receiving mouth ( 28) therebetween through which the
conductor is slidably received, one contact portion adapted
to engage the first surface of the conductor, and the other
contact portion adapted to engage the second zurface of the
conductor;

20 . said camming portions (38b, 40b) of said diverging
beams of the male terminal adapted to gradually and uniformly
deflect the contact portions of the spring arm: of the female
terminal as the male terminal is inserted into the conductor-
receiving mouth (28) and moved between an initicl position and

25 a final mated position where the female terminal contact
portions are in engagement with the final contact area (36)
of the male terminal;

whereby the gradual and uniform deflection of the
spring arms results in a low insertion force, and the normal

30 force between the contact portion of the spring arms of the
female terminal and the camming portions of the male terminal
gradually and uniformly increases as the mai¢ terminal is
inserted into the female terminal until the final mated
position is achieved and a high contact normal force is

———
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stock.of desir ' \ d thereakt@r coining and tw sting the |lead-in
portion 16 to\i g L ed helical or twi sted configuration as shown.
Matj ng el ectr ccont act sstfucture 10 further includes a female term nal,

general |y designated 20, adapted to nmateably receive male ternminal 12. The
femal e t er npnavidefiobherabetween,i andivkereby greaker win nh achiqy gver
metallic s!anprRgebpChutigih SO Yonaddeand i por tion 22 and a
pair of later y offset,” vertically opposing cantilevered springs arnms 24
and 26 extending forwardly from opposite sides or edges of base portion 22.
Springs arnms 24 and 26 are fornmed so that they extend first away from each
other at a base portion 22 and thereafter toward each other. Free ends 24a
and 26a of the spring arns are adapted for engagi ng

- This Sheet Has Been Re‘i!aced
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twisted |ead-in portion 16 of male term_pal 12 during mating of the
termnals, whereby the tw sted portion"&-édually cans outwardly or deflects
the, spring arms froman initial position to a final nated position. The
dual opposing spring armconfiguration of female term nal 20 defines an

I nsertion ngﬂémdgeneral |y indicated at 28, extending between free
ends 24a antr into which male termnal 12 is inscerted'nthe
. A " A " 0 A [2Y]

di recti on oLOWr ANSERA D A TING) ELECERICAL L R | e
termnal 20 of the prior art of Figure 1, in fully mated condition. During
mating, twisted |lead-in portion 16 of nale .

An electrical connector assembly (30) having a low
insertion force, high normal force mating contact structure
(10) compfising a male terminal (34) and a female terminal
(20). The male terminal is an elongate conductor including
a final contact area (36) joining a forwardly extending lead-
in portion (38, 40). The female terminal includes dual-
cantilever spring arms (24, 26) with mutually opposing contact
10 portions (24b, 26b) which define a lead-in mouth therebetween.

The contact portions of the female terminal are adapted to
electrically engage the lead-in portion of the male terminal
as the male terminal is inserted into the mouth between the
contact portions of the female terminal. The lzad-in portion )

(3]

15 of the male terminal is split and defines a pair of diverging
beams (38, 40) extending forwardly and angled outwardly form '
the final contact area (36). The beams have inwardly facing,
laterally offset, opposing camming portions (38b, 40b) adapted
to engage and increasingly deflect the contact portions of the

20 spring arms of the female terminal as the male terminal is
moved from an initial position to a final position wherein the
female contact portions are in engagement with the final
contact area of the male terminal. The normal force between
the contact portion of the spring arm and the corresponding

25 camming portion gradually increases until the final mated
position is achieved. The split male configuration allows for
increased terminal mating length and adjustment of the wiping
action of the contacts as desired.

~ This Sheet Has Been Reﬂlaced
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termpal 12 is effective to engage free ends 24a and 26a of spring arns 24
and 26, respectively, to gradually camoutwardly or deflect the spring arns
and, gradual |y increase the insertion forces until the spring i
akong final contact area 14 of mal e(t€Byinal 12 to achieve
mat ed position as shown in Figure 1A It can be understqg
description of the prior art shown in Figures 1, 1A 4 'ﬂﬂsted
| ead-in portion 16 of nale term nal 12 prevents ex '
the termnals which may becone necessary in appl
may prevent adequate w pe, or when | onger gr

Mg And di pETTs

sequential mathiy] (El{rrt her nore, manufactur
§'rie

)
consi deration tw st echPGc‘ con ruct{on of/ t he-11n
. 240 /

nere
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downsikzing of the contact mating structure to achieve cl oser spacing, thus
obviating its use mniature, dense array connectors. Referring nowto
Figures 2 and 2A, the invention is incorporated in a mating contact

structure, generally designated 30, singi4ar Io contact structure 10, in
that female termnal 20 is substantiall dentical to that descri bed above
in relation to Figures 1 and | AL Therefore, farther details of the fenale

termnal will not bepgepeated, accept to state that free ends 24a and 26a
of spring arns 24 and , respectively, have roundéd contact pogtions 24b
and 26b, respectively. Is is also true for the con-tructlon omn I n
Figures 1 and 1A In ad¥ition, the femal e Geym

mount abl e i n a connect of Trousrng [

ao/t—42"

61| FIG.7

FIG.6

38b
40a
38a 40b
40
38
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-9- and/or adapted to engage an external circuit menber extendi
rearwardly of base portion 22. Mating electrical contact struct

ng
ure 30 of

the=invention includes a male term nal3-Jkneral |y desi gnated-34, insertable

into nmouth 28 between spring arns 24 and 26 of fenmale ;erninar\

direction of arrow "B". The nmale term nal includes ZAinal cont
simlar to final contact portion 14 of nmale term ; (Fig
termnal 34 may include a rear tail or pin porti Op R\ as rear
of male term nal 12.
| o)
~
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Referring to Figs. 3 and 4, the invention contenplates t ketstfake
term nal 34 exhibit the sanme gradual canming action and resultant |ow
insertion force as the prior art-nale termnal 12, with advantages not
-found in the prior art. Therefore, the sane mating effect will exist
b s erm 20 and 12. Specifically, male termnal 34 includes a
{ A "uﬁ'ggﬁgg'h Is split and def i fed by a pair of laterally offset,
-ghiefogli g beans 38 and 40 which extend forwardly and are angl ed
qrdly of final contact area 36. The tips of the beans dre
84 and 40a, to regwesrirbgrgBgnce of 'stubbing, i.e.
-avjoijding._a v rence wwth spring arns 24 and 26 of female term nal 20.
Rgferring to Figure]4 in conjunction with Figure 2,
LOW INSERTION FORCE MATING
ELECTRICAYT, CONTACT STRUCTURE

Field of the Invention

This invention generally relates to the art of
electrical connectors and, more particularly, to a low
insertion force, high contact normal force mating male and
female electrical contact structure and to electrical
connectors incorporating them.

Background of the Invention
Various single and dual spring arm female contact

electrical terminals have been provided in the past for making
electrical contact with male terminals such as pins, blades,
edge card contact pads and the like. In order to establish
satisfactory electrical connection, one of the terminals must
exert sufficient pressure on the other resulting in a minimum
contact normal force being exerted when the terminals are in
a final mated position. However, this pressure causes
frictional drag during insertion and removal, therefore, the
male terminal must be ihserted into the female terminal with
sufficient force to overcome the resistance to insertion
presented by the female terminal. In addition, the insertion |
force of the contact structure must include a 1lifting
éomponent which represents the force requirsd to lift or
spread the female contact portions apart to permit insertion
of the male terminal into the female terminal as well as the
horizontal frictional component which is a result of the
female contact portions wiping against the male terminal
during the insertion. As a result,  in ‘multicircuit
arrangements including a large number of ferale terminals
mounted in a connector adapted to mate with a male connector

REPLACEMENT SHEETS SG
© Description : paged ... to paged .t%.
o Claim(s) :paged.®.to paged :7
i Drawing(s) : paged .. to paged ..

Abstract  :paged .%. to paged ..




final cont &ﬁi&h&adﬁﬁ Dﬁ;”‘ﬂ’ termnal 24 is generally rectangular in

cr ossssectifor], as best se fn Figure 2, to define opposite planar sides 42
cand 44 (Fid. 14113 Fier, ngpbeans 38 and 40 are generally rectangular 'in
cross-sectijor} as best 's€entip Figures 2 and 4. This rectangul ar

confi guratifo ly, opposing. laterally offset, symetrical
camm ng porjtions 38b and 40bjas seen in Figure 4. In the preferred

enbodi ment, canm ~38b [err] beam 38 is planar, formng a
continuation of pl anar side 42 of final contact area 36, and canmi ng
portion 40bhavinghencifréspondidgly large number of male terminals, the

individual insertion forces associated with each pair of

terminals combine so that the overall insertiocn force required
to mate the male and female connectors ﬁay be extremely high.

Earlier efforts to provide an electrical contact
structure characterized by reduced insertion force have
generally included modifying the female terminal or contacts.
In U.S. Patent No. 4,175,821, for example, a female terminal
is disclosed which includes a dual opposed spring arm contact
member wherein the contact portions of the opposed arms are
axially offset from one another in the longitudinal direction.
As a male pin contact is inserted between the female spring
arms, the pin engages the first spring arm on the female

-~ terminal and lifts it out of the way, before contacting the
second spring arm and moving that contact out of the way. As
a result, a lower peak insertion force is achieved because the
male terminal lifts only one female spring arm at a time.

Another modified low insertion force female terminal
is disclosed in U.S. Patent No. 4,607,907. The female contact
in this patent is a stamped and formed terminal which includes
a rearward box-like member from which extend cantilevered
Spring arms having contact portions at their free ends. The
contact portions are axially longitudinally offset similar to
the contact portions in the aforementioned patent, but, in
addition, they are éonfigured so that they overshoot the
midline of the insertion region which permits lower spring
rates to be used, both factors of which contribute to an
overall low insertion force female terminal.

Subsequent efforts to provide an electrical contact
structure characterized by reduced insertion force have
included modifyiné the male terminal contacts. For instance,
in U.s. Patent No. 4,740,180, dated April 26, 1988 and
assigned to the assignee of this invention, a low insertion
force contact structure is disclosed including a male terminal



planar, simlarly formng a continuation of opposit REPBR@L“ e .
fi nal »contact area 36. Transition area 41 is radi Usgd—t6 provide §
gradual passage and consistent increase in.contact npr (fgﬂéﬁ'ﬁ%t .
canmmi ng portions and the final contact areas, as rou
24b and 26b of spring arns 24 and 26, respectively, §li
mal e term nal, as described below. Mdre particularly referrl ngw,t
Figure 2 in conjunction with Figure 2A, as mal e -t edsrmrat=24"Ts | nserted
into female term nal 20, beans 38 and 40, which define the |ead-in portion
of mal e termawviag34, twiistied | Yeadgiyepootbordwitht adt Ipdd oorse 2€br fimcle 26b

of spring aa[%@?@edagg gﬁ?aégsQ%C&bggltygnéncﬂﬁgigg LEop {?an | Onbﬁiﬂf%l - nd

position to I nal n_ shown cont ac
26b of Spec:l.flcally, during :LnsertJ.on the tw:.sted lead—ln portion of

the male terminal is effect:.ve to gradually cam outwardly
contact portions of a palr of spring arms of the female
terminal. from an initial position to a final mated position
to provide a low overall insertion force and at the same time
provide a high contact normal force between the female and
male terminals. The mating electrical contact structure and
camming profile disclosed in this patent have proven effective
to provide a highly reliable, low insertion force contact
interface. However, the design is not easily adaptable for
miniaturization, i.e. for reducing individual terminal size
in order to produce denser arrays of terminals in increasingly
smaller packages. Furthermore, the solid lead-in portion of
the male terminal has limited mating depth and does not
generally permit applications in which sequential or staggered
mating may be required. Although these limitations are not
critical in many applications, they may provide potential
problems in some specific connector applications.

Therefore, the present invention is directed to
provide further improvements in electrical contact structures
characterized by reduced insertion forces, particularly of the
type shown in U.S. Patent No. 4,740,180.

Summary of the Invention

An object, therefore, of the invention is to provide
a new and improved low insertion force, high contact normal
force mating male and female electrical contact structure of
the character described. _

In the exemplary embodiment of the invention, a
mating electrical contact structure is disclosed including a
male terminal and a female terminal. The male “erminal is an



the female termnal wll respectively slide along planar camm ng port I ons
38b amd 40b of beams 38 and 40, respectively, thr I3ition
area 41, and onto cpposite planar sides 42 and 44 ML%WS Liarea 36
of male termnal 34, all as best seen in Figure 4. Beans 38 and{4® of
male termnal 34 are effective to gradually cam oyt ar I1HSEP {9 |

spring
arns 24 in opposite directions, as .indi it ed by arjrgws "C" (Figs. and
5), and the force vectors exer t ed agai nst the sprifn

in the
di rections opp03|te the mating direction and perp ndi cul ar to the tlng

O oot oo erale AR SSRALY Bl SofliBe " BTG & o

the free en(fo(;ﬁad‘ldlm extending 383eadd in0 portivat.ed 'Thendfonileai tdersypmalg
arms 24 and ;2134 < NaLGE1AESntilever 'spring arms  having .spaced-apart

opposing contact portions which define a lead-in mouth
therei:e’tween. Generally, the contact portions of the female
terminal are adapted to electrically engage the lead-in
portion of the male terminal as the male terminal is inserted
into the mouth between the spaced-apart portions of the female
terminal. '

The invention contemplates an improved mating
contact structure wherein the cross-sectional camming profile
of the lead-in portion of the prior art male terminal is
retained, thus maintaining a low insertion force mating male
and female electrical contact structure. However, the lead-in
portion of the male terminal is designed so as to exhibit
virtually no side vector force components, to reduce contact
stubbing, to increase individual contact wipe, and to allow
for high density, reduced pitch configurations. Specifically
the lead-in portion of the male terminal of the invention is
split and defines a pair of symmetrical diverging beanms
extending forwardly and angled transversely outwardly of the
final contact area of the male terminal. The beams have
inwardly facing, laterally offset, opposing camming portions
adapted to increasingly deflect the contact poftions of the
spring arms of the male terminal as the male terminal is moved
from an initial position to a final mated position wherein the
female contact portions are in engagement with the final
~contact area of the male 'i:erminal. Therefore, normal forces
between the contact portions of the spring arms and the
corresponding camming portions gradually increase until the
final mated position is achieved.

' As disclosed herein, the diverging beams of the male
terminal exhibit force components against the spring arms of
the female terminal only in directions opposite the mating



exhi bit no stubbing upon insertion. Furthernore, the split configuration of
both termnals allows for variable mating | engths, either wthin the sane
connector. when sequential mating is desirable, or in different

applications, where tol erance and ot her di nmensional considerations nay
necessitate increased w ping action. -11- Figures 6 and 7 show alternate
designs of a male terminal having divergPrig split beans, which exhibit the
same gradual cammng profile of the invention in a generally radiused
configuration, as opposed to planar beans, with |like .

direction and perpendicular to the mating plane of the
terminals, and therefore exhibit virtually no side vector
force components. ‘The final contact area of the male terminal
is generally rectangular in cross-section with opposing sides
thereof being slidably engageable by the contact portions of
the spring arms of the female terminal. The oprosing camming
portions of the diverging beams, generally, are continuations
of -the opposite planar sides of the final contact area of the
male terminal. The beams have chamfered tips to reduce the
chance of stubbing upon mating of the female and male
terminals. The contact portions of the spring arms of the
female terminal are rounded to further facilitate easy mating
between the terminals. Furthermore, the split male
configuration allows for increased terminal mating length
whereby the mating depth of the male and femalz contacts is
easily varied by changing the camming profile, and consequent
wiping action of the contacts can be easily adjusted as
desired. Finally, the relatively uncomplicated structure of
the male terminal is easily manufacturable bv stamping and
forming and may be miniaturized so as to be operative on
closer center spacings in the packaging arrays «# today’s high
density connectors.

Other objects, features and advantages of the
invention will be apparent from the follcwing detailed
description taken in connection with the accompanying
drawings. '
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ref erence nunbers, in prinmes, designating |like elenments, as described
above. Lastly, Figure 8 shows an electrical connector assenblv gﬁnerally
desi gnated 60, which is applicable for use with th ;Eljgﬁ,tln'u'

structure of the invention as described above in j et e
of course, the invention is applicable for use w
connector assenblies. |In the assenbly =8~ Figure
general ly designated 62, includes a plug portion
receptacle portion 66 of a female connector, genenal (
Connectors 62. a-d 68 are elono 0 for nnuntlng a s,

mal e term m&rs ptio ANGSini e term nal s 20 (Flgs 1, 1A

and 5) therewithin. thelmeh&mmasIdf(ﬁﬁiékaﬁvﬁﬂti&ﬁﬂwmi¢w are believed
to be novel are set forth with particularity in the appended
claims. The invention, together with its okjects and the
advantages thereof, may be best understood by reference to the
following description taken ' in conjunction with the
accompanying drawings, in which 1like reference numerals
identify like elements in the figures and in which:"

FIGURE 1 is a perspective view of a mating
electrical male and female contact structure of the prior art,
particularly as disclosed in U.S. Patent No. 4,740,180;

FIGURE 1A is a'perspective view of the male and
female contact structure of Figure 1, in mated condition;

FIGURE 2 is a perspective view of a mating
electrical male and female contact structure of the invention;

FIGURE 2A is a perspective view of the male and
female contact structure of Figure 2, in mated condition;

FIGURE 3 is a fragmented side elevational view of
the male terminal of Figures 1 and 13;

FIGURE 4 is a fragmented side elevational view of
the male terminal of the contact structure of Figures 2 and
27; |

FIGURE 5 is a fragmented side elevational view of
the female terminal of the contact structure of Figs. 1 and
2; and

FIGURE 6 is a fragmented side elevational view of
a second embodiment of the subject invention;

FIGURE 7 is a fragmented side eleva:ional view of
a third embodiment of the subject invention; and

- .FIGURE 8 is a perspective view of a plug and
receptacle connector assembly applicable for use with the
invention. -



portion 64 of connector 62 has four rows of passages 74 extending

llengt hwi se of the connector, with forty passages—ka-gach.. angwior a total

_ ' ; it femal e

termnals 20 within the connector. Each passage [f4-is—dett+red four side

walls, which |imt the |lateral novenent of the h Spring arns
%ﬁiggﬁgs lies

Specifically, 160 fenale term nals 20 afe-nountje th' n the ppsgages, wth
the mating ends of the termnals, conprising sgring arns 24 and 26, facing
toward the open mating ends of the passages Vi te~ 8t The
relatively reS|I|ent and fraglle female term nals 20 are therefore

prot ected fDef Des e 1ty g | meneg| atively rigid

mal e terminals 24 are}i@l"é@ﬁ%g to the draw1ngs in greater detail, and
first to Figures 1 and 3, a low insertion force mating

CD

electrical contact structure generally designated 10, of the
prior art is shown, particularly a contact structure similar
to that disclosed in U.S. Patent Nb. 4,740,180. The contact
structure includes a male terminal, generally designated 12,
having a final contact area 14 and a forwardly extending lead-
in portion 16 which has a gradual twisted cross-section
relative to final contact area 14. A rear portion 18 is
provided, such as a solder tail or contact pin, adapted to
engage an external circuit member rearwardly of final contact
area 14. The male terminal is formed by stamping sheet metal
stock of desiréd thickness, and thereafter coining and
twisting the lead-in portion 16 to impart the desired helical
or twisted configuration as shown.

Mating electrical contact structurz 10 further
includes a female terminal, generally designat=d 20, adapted
to mateably receive male terminal 12. The female terminal,

" shown in detail in Figs. 1, 1A and 5§, is an integral metallic
stamping including a generally rectangular base portion.22 and
a pair of laterally offset, vertically opposing cantilevered
springs arms 24 and 26 extending forwardly from opposite sides
or edges of base portion 22. Springs arms 24 and 26 are
formed so that they extend first away from each other at a
base portion 22 and thereafter toward each other. Free ends
24a and 26a of the spfing arms are adapted for engaging
twisted lead-in portion 16 . of male terminal 12 during mating
6f the terminals, whereby the twisted portion gradually cams
outwardly“or deflects the spring arms from an initial position
to a final mated position. The dual opposing spring arm
configuration of female terminal 20 defines an insertion
mouth, as generally indicated at 28, extending between free



In receptacl e connector 68, each nale being received in a passage 74 upon

mati ng of the connector assenblies 60 and 62, -12- that is, four rows of
forty male termnals 34 are nounted within connector 68 for mating with the
femal e termnals nounted in connector 62. It is readily apparnt that, with

such a |arge nunber of mating term nal s,gthe insertion forces involved in
mati ng connectors 62 and 68 can be quite | arge and the advantages of the

| ow insertion force termnals of the invention are evident. In addition,
such a high density array of termnals within the connector assenbly

I I lustrat esermisv 24& and 26a and into which male terminal 12 is inserted

in the direction of arrow "A",

Figure 1A shows a male terminal .2 and female
terminal 20 of the prior art of Figure 1, ia fully mated
condition. During mating, twisted lead-in portion 16 of male
terminal 12 is effective to engage free ends 24a and 26a of
spring arms 24 and 26, respectively, to gradually canm
outwardly or deflect the spring arms and gradually increase
the insertion forces until the spring arms wipe along final
contact area 14 of male terminal 12 to achieve their final
mated position as shown in Figure 1A.

It can be understoocd from the above cdescription of
the prior art shown in Figures 1, 1A and 3, that the twisted
lead-in portion 16 of male terminal 12 prevents extended
mating length of the terminals which may becone necessary in
applications where tolerance may prevent adequate wipe, or
when longer grounder pins are required for sequential mating.
Furthermore, manufacturing and dimensional considerations of
the twisted solid construction of the male prevents a mere
downsizing of the contact mating structure to schieve closer
spacing, thus obviating its use miniature, dense array
connectors,

. Referring now to Figures 2 and 2A, the invention is
incorporated in a mating contact structure, generally
. designated 30, similar to contact structure 10, in that female
terminal 20 is substantially identical to that described above
in relation to Figures 1 and-1A. Therefore, firther details
of the female terminal will not be repeated, eJcepf to state
that free ends 24a and 26a of Spring arms 24 and 26,
respectively, have rounded contact portions 24b and 26b,
respectively. This is also true for the construction shown
in Figures 1 and 1A. In addition, the female terminal has a
rear end 32 mountable in a connector housirig (not shown)
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termnals of the subject invention may be rn'niaturize‘i'=-~*-=-"'>--"»i'i."‘s_’ﬁ WT
center spacing, to achieve a dense array. It will bejuf

i nvention may be enbodied in other specific forms wigh¢
the spirit or central characteristics thereof. The p;
enbodi nents, therefore, are to be considered in all d
illustrative and not restrictive, and tTe invention ils not to be I|n1t dto
the details given herein. CLAI M5 1. Ln an electrTc .
assenbly (60) having a low insertion force, high normal force mating

cont act and/or adapted to engage an external circuit member extending

rearwardly of base portion 22.

Mating electrical contact structure 30 of the
invention includes a male terminal, generally designated- 34,
insertable into mouth 28 between spring arms 24 and 26 of
female terminal 20, in the direction of arrow "B". The male
terminal includes a final contact area 36 similar to final
contact portion 14 of male terminal 12 (Fig. 1). Male
terminal 34 may include a rear tail or pin portion such as
rear portion 18 of male terminal 12. _

Referring to Figs. 3 and 4, the invention
contemplates that male terminal 34 exhibit the same gradual
camming action and resultant low insertion force as the prior
art male terminal 12, with advantages not found in the prior
art. Therefore, the same mating effect will exist between
terminals 20 and 12. Specifically, male terminal 34 includes
a lead-in portion which is split and defined by a pair of
laterally offset, symmetrical diverging beams 33 and 40 which
extend forwardly and are angled transverselyv outwardly of
final contact area 36. The tips of the beams are chamfered,
as at 38a and 40a, to reduce the chance of stubbing, i.e.
avoiding any interference with spring arms 24 ard 26 of female
terminal 20.

Referring to Figure 4 in conjunction with Figure 2,
final contact area 36 of male terminal 24 is generally
rectanéular in cross-section, as best seen in Figure 2, to
define opposite planar sides 42 and 44 (Fig. 4). Diverging
beams 38 and 40 are generélly rectangular in cross-—-section as
best seen in Figures 2 and 4. This rectangular configuration
défines inwardly opposing, laterally offset, symmetrical
camming ﬁortions 38b and 40b as seen in Figure 4. 1In the
preferred embodiment, camming portion 38b of beam 38 is
planar, forming a continuation of planar side 42 of final
contact area 36, and camming portion 40b ~f beam 40 is



structure (30) defined by a male term nal (34) ang—engl
said structure including said male term nal being Rﬁﬁhﬂ
havi ng- an upper surface and a | ower surface, eachjof S
including a final contact area (36) joining a forya dlyﬁqueuabng

portion, said fenmale termnal including spaced-apgrt dual cantil eye
arns (24, 26) with mutual |y opposi ng coAPact portijor p) defining a
conductor-receiving nouth (28) therebetween through mhlch the Json tor is

slidably received, one contact portlon (24b) engading the upper surface and

t he ot her tact porli en r surface bet

initial %O#?’b?ﬁ'anﬁlglgﬁﬁéﬂ ﬂ’%’(ﬂ% %‘fr&’ﬂ“{ 2t CEBRATALE B?J?’P?’c—)ns

are in engagshenummdflfhaaﬂlmmntznuaarearea. Transition area 41 is
radiused to provide a very gradual passage and consistent

increase in contact normal force between the cauming portions
and the final contact areas, as rounded contacc portions 24b
and 26b of spring arms 24 and 26, respectively, slidingly
engage the male terminal, as described below.

More particularly, referring to Figure 2 in
conjunction with Figure 2A, as male terminal 24 is inserted
into female terminal 20, beams 38 and 40, which define the
lead-in portion of male terminal 34, initially engage rounded
contact portions 24b and 26b of spring aras 24 and 26,
respectively. In moving from this initial position to a final
position shown in Figure 22, contact portions 24b and 26b of
the female terminal will respectively slide along planar
camming portions 38b and 40b of beams 38 and 40, respectively,
through radiused transition area 41, and onto coposite planar
sides 42 and 44 of final contact area 36 of male terminal 34,
all as best seen in Figure 4. Beams 38 ard 40 of male
terminal 34 are effective to gradually cam outwardly or
deflect spring arms 24 in opposite directions, as indicated
by arrows "C" (Figs. 2A and 5), and the force vectors exerted
against the spring arms exist only in the directions opposite
the mating direction and perpendicular to the mating plane,
i.e. in a direction opposite arrow "B" in Figure 2, and in the
direction of arrow "C" in Figure 2A. The chanfered lead-in
areas located at the free end of diverging beam:. 38 and 40 are
mated "head-on" with spring arms 24 and 26 and therefore
exhibit no stubbing upon insertion. Furthéfmare, the split
dﬁnfigura;ioh of both terminals allows for variable mating
lengths, either within the same connector when sequential
mating is desirable, or in different applii.ations, where
tolerance and other dimensional considerations may necessitate
increased wiping action.



(36) of the male terminal, whereby, when the coftddiA\sHiraEiRt Wreiilis
fromthe initial position to the final p05|t|o' fach of the Tdrv
extending | ead-in portions of the make terninal} i qﬂfsgprw§6t¢ ;
and uniformy deflect a respective one of the it act portlons
spring arms, causing the normal force between the=eorms:
spring armand the upper and | ower surfaées of he_nale_tern1nal
gradual ly increase, the contact structure characterize *?ﬁ%re'sald
| ead-in portion of said male term nal has a pair of diverging, non-parallel
eneral |y non-deflecti | it_beaws, ( 0), . incl udi i nwar dl faC|
Igat eral l § of f set, Oppgn%ﬂgp 7 gb glterna% rAQLSJ.gI'I.S el Tg
termlnal having dlverglng split beams, which exhibit the same

gradual camming profile of the invention in .a generally
radiused configuration, as opposed to planar beams, with like
reference numbers, in primes,' designating like elements, as
described above.

Lastly, Figure 8 shows an electrical connector
assembly, generally designated 60, which is applicable for use
- with the electrical contact structure of the invention as
described above in relation to Figures 1-7. Of course, the
invention is applicable for ‘use with a wide variety of
connector assemblies. Ih'the'assembly of Figure 8, a male
connector, generally designated 62, includes a plug portion
64 for insertion into a receptacle portion 635 of a female
connector, generally designated 68. Connectors 62 and 68 are
elongated for mounting a high density array of male terminals
34 (Figs. 2, 2A and 4) and female terminals 29 (Figs. 1, 1A
and 5) therewithin. For instance, it can be seen that plug
portion 64 of connector 62 has four rows of passages 74
extending lengthwise of the connector, with forrny passages in
each row, for a total 160 passages in the array. The passages
are adapted for receiving female terminals 20 within the
connector. Each passage 74 is defined by four side walls,
which limit the lateral movement of the female terminal spring
arms 24 and 26 upon mating of the plug and receptacle
connector assemblies. Specifically, 160 femala terminals 20
are mounted within the passages, with the mating ends of the
terminals, comprising spring arms 24 and 26, facing toward the
open mating ends of the passages visible in Figure 8. The
rélatively resilient and fragile female terminals 20 are
therefore protected from damage and/or deformation upon
mating. The relatively rigid male terminals »4 are mounted
in receptacle connector 68, each male being received in a
passage 74 upon mating of the connector assemblies 60 and 62,



portions (38b, 40b) adapted to initially engage and gradually deflect said
contaet portions as the contact structure is noved toward its final
position -14- whereby the gradual and uniform deflection of the contact
portions of the spring arns results in a mniml insertion force mating
contact structure, and the gradual increase in normal force results in a
hi gh contact normal force between the appe and female termnals, and

wher eby greater w ping action over a greater |length of the conductor is
achi eved.

that is, four rows of forty male terminals 34 are mounted
within connector 68 for mating with the female terminals

~mounted in connector 62. It is readily apparsmnt that, with
such a large number of ﬁating terminals, the insertion féfces
involved in mating connectors 62 and 68 can be quite large and
the advantages of the low insertion force terminals of the
invention are evident. In addition, such a high density array
of terminals within the connector assembly illustrates how the
terminals of the subject invention may be miniaturized, i.e.
put on closer center spacing, to achieve a dense arfay.

It will be understood that the invention may be
embodied in other specific forms without departing from the
spirit or central characteristics thereof. The present
examples and embodiments, therefore, are to be considered in
all respects as illustrative and not restrictive, and the
invention is not to be limited to the details given herein.

REPLACEMENT SHEET|
11SEP 1996 |




The eleetri-cal connector assenbly as set forth in claim1, wherein

sal d diverg 38b, 40b) of the male termnal (34) are generally
rect angul ar’ B ,H ﬂt ’ W|th t he opposi ng canm ng portions (38b, 40b)
t her eof bei : The el ectrical connector assenbly as
set forth in claim 2, wher &i n the finarléontact area (36) of the male
termnal (34) is generally rectangul ar 'in cross-section and has opposite

pl anar sides (42, 44) which are slidably engageabl e by the contact portions
(24b, 26b) i spring arnms (24, 26) of the female termnal (20). 4.

The electri nnector assenbly as set forth in claim3, wherein said
opposi ng cammi ng portilens I3Bén elEntmicaiheohnactotIBssaihlyd6e)ahaying

conprise coptiyyiat R34 e rorce, high normal force mating contact

structure (30) defined by a male terminal (31) and female
terminal (20), said structure including

said male terminal being an elongate conductor
having an upper surface and a lower surface, each of said
surfaces including a final contact area (26) 3joining a
forwardly extending lead-in portion,

said female terminal including spaced-apart dual
cantilever spring arms (24, 26) with mutually oppoéing contact
portions (24b, 26b) defining a conductor-receiving mouth (28)
therebetween through which the conductor is slidably received,
one contact portion (24b) engaging the upper surfacé and the
other contact portion (26b) engaging the lower sarface between
an initial position and a final position wher:in the female
contact portions are in engagement with the final contact area
(36) of the male terminal,
| whereby, when the contact structure is moved from
the initial position to the final position, each of the
forwardly extending lead-in portions of the maie terminal is
effective to gradually and uniformly deflect & 1espective one
of the contact portions of the spring arms, causing the normal
force between the contact portlons of the spring arm and the
upper and lower surfaces of the male terminal to gradually
increase, |

the contact structure characterized in that:

said lead-in portion of said male terminal has a
pair of diverging, non-parallel generally non-def lecting split
beams (38,40), including
h . inwardly facing, laterally offset, opposing camming
portions (38b, 40b) adapted to initially engage and gradually
deflect said contact portions as the contact structure is
moved toward its final position
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opposite planar sides (42, 44) of the final contact area (36). 5. The
el ectkrical connector assenbly as set forth in claim4, wherein said beans
(38, 40) i ps (38a, 40a) to prevent stubbing of the fenale
t erm nal mnmllmmmﬂﬂlll The el ectrical connector assenbly as set
forth in ¢lafFm4, Mherei*n said di ver gi ng4beans (38, 40) of the male
termnal are generally rectangular in cross-section with the opposing

camm ng portions (38b, 40b) thereof being generally curved. 7. The

i orth :
electrical connector ssengy the Sg%:[aéual and uniform defiection of the

contact portions of the spring arms results in a minimal
insertion force mating contact structure, and the gradual
increase in normal force results in a- high contact normal
force between the male and female terminals, and whereby
greater wiping action over a greater length of the conductor
is achieved. -

2. The electrical connector assembly as set forth
in claim 1, wherein said diverging beams (38b, 40b) of the
male terminal (34) are generally rectangular in cross-section
with the opposing camming portions (38b, 40b) thereof being
generally planar.

3. The elect_rical connector assembly as set forth
in claim 2, wherein the final contact area (36) of the male
terminal (34) is generally rectangular in cross-section and
has opposite planar sides (42, 44) which are slidably
engageable by the contact portions (24b, 26b) of the spring
arms (24, 26) of the female terminal (20).

4. The electrical connector assembly as set forth
in claim 3, wherein said opposing camming portions (38b, 40b)
of the beams (38, 40) generally comprise continuations of the
opposite planar sides (42, 44) of the final contact area (36).

5. The electrical connector assembly as set forth
in claim 4, wherein said beams (38, 40) have chamfered tips
(38a, 40a) to '}.Srevent stubbing of the female terminal upon
mating. |
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in claiml, further characterized by: a plug connector (62) and a
receptacl e connector (68), the plug connector including a dielectric plug
housi ng—(64)—taving a forwardl y-extending mat ng face and a rearward

term na plurality of terminal- receiving passages (74)
formed" i‘lﬂg“ﬂ mmm‘mmh passage being defined by four side walls and

havi ng e termnal (20) nounted +hB8rewithin, the fenmale term nal

bei ng positioned so that the contact portions (24b, 26b) of the spring arns
(24, 26) are located rearward of the mating face. and rearward of the

opening of the term nal-receiving assage (74) proximte the mating face,
the receptacl e connector iFRpuelagtiigal erangctor assembly as set forth

in claim 1, wherein said diverging beams (38, 40) of the male

terminal are generally rectangular in cross-section with the
opposing camming portions (38b, 40b) thereof being generally
curved.

7. The electrical connector assembly as set forth
in claim 1, further characterized by:
a plug connector (62) and a receptucle connector
(68),
the plug connector including a dielectric plug
. housing (64) having a forwardly-extending mating face and a
rearward terminating face, with a plurality of terminal-
receiving passages (74) formed therethrough, each passage
being defined by four side walls and having a female terminal
(20) mounted therewithin, the female terminal being positioned
so that the contact portions (24b, 26b) of the spring arms
(24, 26) are located rearward 6f the mating faui.. and rearward
of the opening of the terminal-receiving passage (74)
proximate the mating face,
the receptacle connector including a dielectric
receptacle housing (66) with a plurality of iale terminals
(34) mounted therein each adapted to be received in a
corresponding one of the terminal-receiving passages (74) of
the plug connector (62),
whereby, upon receipt of the male terminal (34) in
a corresponding terminal-receiving passage (24), the female
terminal (20) is protected from damage by the four side walls
of the terminal receiving passage (74) of the plug housing,
and a low overall mating force between the plug connector and
the receptacle connector is achieved.
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receptacle housing (66) with a plurality of male termnals (34) nounted
therei received in a correspondi ng one of the
ternlnal-rece|V|n @as ges (74) of the plug connector (62), whereby, upon

recelpt mnl nal (34) in a corresponding termnal-receiving
passage termnal (20) -1$-protected from danmage by the four
side wall's of the term nal recei ving passage (74) of the plug housing, and
a low overall mating force between the plug connector and the receptacle

connector is achieved. 8. A ,low insertion force, high normal force
mat i ng 8. A low insertion force, high normal force mating

electrical contact structure (30) comprising:
a male terminal (34) and a female terminal (20);

_ said male terminal being an elongate conductor
having a first surface and a second surface, each of said
surfaces including a final contact area (36) joining a split
lead-in portion (38, 40), said split lead-in portion having
a pair of diverging; noh-parallel generally non-deflecting
split beams (38, 40) extending forwardly from the final
contact area with inwardly facing, Yaterally offset, opposing
camming portions (38b, 40b);

said female terminal including dual spaced-apart
cantilever spring arms (24, 26) with laterally offset,
mutually opposing contact portions (24b, 26b) defining a
conductor-receiving mouth (28) therebetween through which the
conductor is slidably received, one contact portion adapted
to engage the first surface of the conductor, and the other
contact portion adapted to engage the second zurface of the
conductor;
said camming portions (38b, 40b) of said diverging
‘beams of the male terminal adapted to gradually and uniformly
deflect the contact portions of the spring arm: of the female
terminal as the male terminal is inserted into the conductor-
receiving mouth (28) and moved between an initizl position and
a final mated position where the female terminal contact
portions are in engagement with the final contact area (36)
of the male termina;;
whereby the gradual and uniform deflection of the
~ spring arms results in a low insertion force, and the normal
force between the contact portion of the spring arms of the
female terminal and the camming portions of the male terminal
gradually and uniformly increases as the maie terminal is
inserted into the female terminal until the final mated
position is achieved and a high contact no:mal force is
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el ectrical contact structure (30) conprising: a nale termnal (34) and a

f:emal e termnal (20); said nale term nal being an el ongate conductor having

a first isurface and a second surface, each of said surfaces including a
final co’ ' Jpi ning a split lead-in portion (38, 40), said
split Jmm‘ "ﬂu'mmmumrng a pair of diverging, non-parallel generally
non- defled‘tl fg spll't beans (38, 40) extending forwardly fromthe final
contact area with inwardly facing, laterally offset, opposing canmm ng
portions (38b, 40b); said fenmale term nal including dual spaced-apart
cantilever spring arns (24, 26) with laterally offset, nutually opposing
cont act pogkbe a&#ﬁﬁ m%@%):wg&éﬂ Niafid neRRYYCHPEAEBEC ThPAg Bk ok er

t her ebet we rou
a greater length of the conductor is achieved.
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conductor is slidably received, one contact portion adapted to engage the
first. surface of the conductor, and the other contact portion adapted to
engage the second surface of the conductor; said camm ng portions (38b,
40b) of said diverging beans of the male term nal adapted to gradually and
uniformy deflect the contact portions of the spring arm of the fenmale
termnal -as the male termnal is inserted into the conductor- receiving
nmout h (28) and noved between an initiaFaﬁosjtion and a final nated position
where the femal e term nal -contact portions are in engagenent with the fina
contact area (36) of the male termnal; whereby the gradual and uniform

defl ecti OnAQéTﬁRSTSpH ng arns results in a lowinsertion force, and the
nor nmal R

LOW INSERTION FORCE MATING ELECTRICAIL CONTACT STRUCTURE

An glectrical connector assembly (30) having a low
insertion force, high normal force mating contact structure
(10) comprising a male terminal (34) and a female terminal
(20). The male terminal is an elongate conductor including
a final contact area (36) joining a forwardly extending lead-
in portion (38, 40). The female terminal includes dual-
cantilever spring arms (24, 26) with mutually opposing contact
portions (24b, 26b) which define a lead-in mouth therebetween.
The contact portions of the female terminal are adapted to
electrically engage the lead~in portion of the male terminal

"as the male terminal is inserted into the mouth between the
contact portions of the female terminal. The lzad-in portion '
of the male terminal is split and defines a pair of diverging
beams (38, 40) extending forwardly and angled outwardly form
the final contact area (36). The beams have inwardly facing,
laterally offset, opposing camming portions (38b, 40b) adapted
to engage and increasingly deflect the contact portions of the
spring arms of the female terminal as the male terminal is
moved from an initial position to a final position wherein the
female contact portions are in engagement with the final
contact area of the male terminal. The normal force between
the contact portion of the spring arm and the corresponding
camming portion gradually increases until the final mated
position is achieved. The split male configuration allows for
increased terminal mating length and adjustment of the wiping
action of the contacts as desired. '
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force between the contact portion of the spring arns of the fenmale term nal
and the camm ng portions of .the male termnal gradually and uniformy
increases as the male terminal is'inserted into the female termnal until
the final mated position is achieved and a high contact normal force is
-17- provided therebetween, and whereby greater w ping action over a
greater length of the conductor is achieved.
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