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This invention relates to improved electrical
connectors of a type comprising ‘a tubular open
ended electrically conductive socket into which a

“mating conductive pin is t0 be inserted.

The general object of the present invention is
to provide a socket connector which is so con-
structed as to assure, upon each insertion of a
mating pin, a more positive and effective elee-~
trical connection with the pin than has been
achieved by prior pin and .socket connectors.
Particularly contemplated is a socket structure
so designed as to assure direct electrical contact
with the pin at a large number of different points,

- 850 that the overall resistance of the connector
assembly is very low, and the heat loss in the
connection ‘is therefore at a minimum. At the
same time, it is an object of the invention to so
form the socket as to facilitate the dissipation of
whatever small amount of heat may be formed
in the connection at very high loads.

Further features of the invention have %o do
with the formation of the present sockets in a
manner making possible considerably lower mat-
ing pin insertion and pull out forces than are

normally required for sockets of the same size, as «

well as allowing a greater tolerance of mating pin
diameters than is normally achieved. Addition-
ally contemplated is a socket construction which
permits adequaie flexibility to compensate for
substantial axial and/or angular misalignment
between socket and mating pin, with no loss of
contact effectiveness.

Structurally, a connector embodying the inven-
tion includes a plurality of elongated electrically
conductive elements which are arranged circu-
larly about an axis to form together an essen-
tially tubular open ended pin receiving socket.
To maximize the number of points of contact
between these elongated elements and a received
~pin, it has been found highly desirable that the
individual elements be of essentially helical for-
mation. Also, to maintain effective contact be-
tween the elements and pin regardiess of slight
twisting or deformation of the individual ele-
ments, I preferably form the elements of circu-
lar cross-section wire. The wire elemenis may
ke mounted at first ends thereof to a suitable base
or carrier body, and have second ends at the
open end of the socket which are free for rela-
" tive radially expanding movement upon insertion
of a pin into the socket. ' The base may include
an -electrically conductive portion by which the
socket is electrically connected to an associated
lead.

‘For- maintaining the various socket forming
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wires or elements in tight electrical contact with
a received pin, the socket preferably includes one
or more annular spring units extending about
the wires or elements and yieldingly urging them
radially inwardly against the pin. These spring
units may be positioned axially of the socket by
partial reception within an annular series of
notches formed in the outer surfaces of the elon-
gated elements,

For assuring a most uniform inward force
against the elements in a structurally very sim-
ble arrangement, the spring units may comprise
coil springs, the individual turns of which ex-
tend entirely about all of the elements. In order
that such a coil spring may he radially expan-
sible to the degree desired upon insertion of a
mating pin, each spring should be so formed as
to normally tend to return to a condition in
which its adjacent turns are spaced axially apart.
The spring may then be radially expanded upon
insertion of a pin, without having to overcome
the frictional resistance to expansion which
would ke present if adjacent turns of the spring
were normally urged tightly together. Also,
some radial expansion of the socket is permitted
by virtue merely of the axial contraction of the
spring, that Is, as its successive turns move more
closely together. With further regard to the
spring structure, it has been found highly desir-
able that the ends of the coil spring be distorted
slightly radially outwardly into a spaced relation
with the socket forming wires or elements, to
prevent the spring ends from digging into or

. catching on the elements.

40

Radially inward deflection of the wires or elon-

. gated elements may be resisted or limited by a

member which is inserted into the sockst .and
engaged by the elements at a location inwardly
beyond the pin-receiving portion of the socket.
This member may be of an electrically conduc-
tive material, and electrically engage the elements
or wires to assist in the transmission of current
through the inner portion of the socket and thus
reduce the resistance to current fow., Best re-
sults are achieved when this member is solid and
externally cylindrieal, with its upper end imme-~
diately below the contact area.

Additional features of the invention have to
do with a special -formation of the outer free
ends of the socket forming wires or elements to
present a smooth entrance end to 2 pin and to
brovide an interlock between the outer ends. of
the elements, which interlock assures sufficient
mechanical rvesistance to deformsation of both
the individual elements and socket. For achiev-
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ing the first of these purposes, the element ends
may he turned cutwardly and then doubled back
upon themselves, so that the elements together
form a somewhat converging throat at the en-
trance to the socket. For achieving the second
purpose, that is, to form an interlock between
the outer ends of the elements, the end of each
element Mgy We turned in a-manner to overlap
“and be received radially outwardly of an-ad-

jacent element, to thus limit the relative radially i

outward movement of that element. In ordeér
that some relative movement of-the-element ends
may be permitted, to enable comonaance of the

ocket to siightly irregular’ plns the overlapping

end poriion of each elemeént-is spaced “a sHObt 7

distanee radially outwardly from the overlapped
portion of the adjacent element.

The above and other features and. ODJ°F’tS ‘of
the present invention will be better: Ghiderstood

from the following detailed description of the o

‘typical” embbdiments illustrated -in-the ~accom-
“panying: drawmg, ‘in “which:

“Fig.:1'is a’ perspective view of a first form -of
“electrical socket einbodying the invention;

“Tig. 2 is an eniarged side view of the Fig. 1

‘socket, shown partly in section;

Figs. '3, 4 and' 5 are séctional views taken on
lines~3-—8, 4§24, ‘and '5—5, respectively,’ of Fig.
2; and

Fig. 6 1s a suie VleW, partly broken ‘away, of

The ‘socket [0 shown in Flgs 1-5 comprises
‘n base rthember ¢1, a: plurality of elongated cir-
cular cross-section socket forming wires 2 car-

¥ieq in eiretlar arrargenient by the base member,
~an’ ifher backing plug 13 at the inside of the
- §ocket, ‘and a plurality of springs {4 cons tricting
“the ‘wires toward both the 'plug i3 and a contact
“pin81 with which' the socket mates. The base

“frembers 41, wites §2; and plug {3 are-all formed

{of ‘a suitable ‘electrically - conductive -material,
"preferably ‘¢opper, and the entire socket may be
“govered with a thin plate of silver to assure-the
‘maintenance of a good electrically conductive
surface. -Base member ii may be shaped as
ifor*ned and contain a pair 'of openings 15 and
-18,  for  receiving respectively a mounting serew
'17 by which the socket is'attachable to a support
‘18 and a terminal 19t be-electrically connected
“to-a lead 20.

“Wires 12 are’ mounted in~a- circular arrange—
“tnent to the base'member 11, typieally-by re"ep—
“tion of their base ends 21 within-a clrcu]ar open-

ing 22 in the base. A- cireular-plug-23 may be

‘réceived - wi thm Pase opening 22 and at-the in- =

“side of ‘wires 12, to form with the base an an-
" nulsr space within which-the ends 2§ of the wires
~4re’ received -and retained. ‘An -electrically con-
‘dictive ‘solder-24' may be injected into-the space
“between: plug 23-and the base member and about

the wires” to integrate the-base portions of -the

“igrires'and the parts engaged thereby into an elec-
itrxcally conductive unit.
THe base- portions 21 of wires 12, that is, the

'p01 tions of the wires secured within the opening ¢

of ‘hase ‘member (1, preferably extend parallel
and in the direction of the ax :is of the' socket.
The portions 26" of the wires outwardly-beyond
“tHe base mémber are given -a helical twist, which

“eohtinties' to the outér free relatively movable

“erids® 85 0f-the wires. -The wires are- formed of
‘g ‘taaterial whith is sufficiently flexible to assure
‘radial ~deflection of “the wires in conformarice
“withthe mating contact pin-31.

"The -outer ends- 25 of the wires ‘are interlocked
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in a manner limiting the relative radial deflec-
tion of adjacent wires. For this purpose, the
end 28 of each wire is turned radially outwardly
and then doubled back angularly as shown to
a location overlapping and received radially out-
wardly of an adjacent wire. Radially outward
deflection of each wire relative to the adjacent

“wite is thus limited ¥y -engagement “with the

turned end of that adjacent wire.
~ In certain instances, it is desirable, for most

“effective control of the relative movement of the
‘ wires; that-each -wire end 25 overlap two adjacens

wires as shown. It is also noted that, in order
to: pefrit some relative movement of the wires,

“the-tuined end portion 25 of each wire is nor-

mally (i."e. whHen the wires are in an exactly

~gircular-arrangement) spaced radially cutwardly

from the wire which it overiaps, so that the

-overlapped wire may move outwardly a prede-

termined distance before its relative movement

“is'limited. -To-attain such a spaced relation of
the wires' and wire-ends, the wires are-turned
‘back -in ‘such‘a:-manner that the inner wire-

engaging surface -of the end 25 of a particular
wire is-located farther from the socket axis than
is* the portion of the-outer surface of that same
wire which ‘is:to be'engaged: by the turned end
of ‘an adjacent ‘wire. It is also pointéd out: that
the manner in which the ‘wire ends 25 are curved
outwardly and then back is'such as to form a

“smoothly’ converging pin- receiving throat at the
“open ‘end. of the socket.”

The inner backing plug- i3 preferably is- elon-

“gated ‘as shown and has an -outer “essentially
-eylindrical surface ‘engaging wires {2 aleng sub-

stantially the entire ‘extent of -the:plug. The
plug is solid to-positively limit inward deflec-
tion of the engaged wire. portions and to afford
a wide cross-section” electrical path at-the base
of the socket. "Plug {3 engages tlie wire mount-
ing plug 23 at its-inneér end, and-terminates out-

‘wardly at an énd 80, which is:axially spaced from
“the outer ends 28 of the wirés-a distance per-
" mitting reception of the pin 31 within the socket.

'+ Plug 13 is not directly attached to any -other

73

“formed in-the" outer:surfaces of the wires.

‘the wires 12,

part of the socket, to thus permit movement of
the -plug in-a ‘mannér allowing ‘some change of
the sdcket axis relative to-base {1,

S Each-of the springs {4 comprises-a coil spring,

‘the -individial turns of ‘which -extend -éntirely
‘about the socket forméd by wires 12. -Hach spring

is posi’oioned relative to the wires by partial re-
¢eption ‘within~ a ‘circular 'seriés of -noteches 22
A
number of stch. springs-may be employed-at loca~
tions spaced-axially: along-the socket, to urge the

‘wires inwardly against and-into. tight' electrical
) contact with-both plug-28-and pin 3.
“folir 'springs are--employed,-two being received

Preferably,

about ‘the pin- receiving portion -of thesocket,

‘and two-about the plug 13.

The springs-are so formed that their individual
turns- normally tend to return to the condition
of Fig. 2,’in which they-are slightly axially spaced
to-thus prevent excessive resistance to expansion

‘resulting from’ tight frictional contact between

the turns. -Sich’ spacing-also: facilitates: radial

" expansionof tHe spring, sinice somé expansion is
-then allowed by ‘mere axial-contraction of-the
oo spring. It is-further noted that the ends 33 of

the individusl sprihgs (see Fig.24) are distorted
slightly outwardly-in radially spaced relation to
-to prevent: the spring:ends from
digging into or catching on the wires. Preferably,

-each-spring -comprises more -than 1% -and less
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than 2% turns about the socket. It is found de-
sirable for best operation that only one turn of
each spring {4 be received within the correspond-
Ing positioning notches or recesses 32, and that
the notches be so dimensioned. as to allow freedom
of movement of the received: turns. These pur-
boses are preferably achieved by giving the
notches a width axially of the socket equal to
about 1% times the diameter of the spring wire,

In placing the socket of Figs. 1 to 5 in use,
the sockef is first of all mounted to support 18,
and terminal {9 is then electrically connected
to-lead 20. A mating contact pin 2i may then
be inserted into the end of the soeket to the posi-
tion of Fig. 2, to form an effective but reless-
able electrical connection between the pin and
socket. The wires, by virtue of their helieal
formation and the manner in which they are
urged tightly inwardly against the pin, form a
large number of positivs electrical connections
between the pin and socket to in the aggregate
broduce a connection of very low resistance with
the pin. Plug 32 gives rigidity to the socket and
decreases its electrical resistance, and at the
same time does not interfere with conformance
of the wires to the pin, since the plug is not in
any way directly attached to the wires.  The
turned ends 25 of the wires form an effective in-
terlock between the elements, but still permit
their relative movement in conforming to a pin.

To assure proper movability of the wires, the
helical twist of the wires should extend through
at least about 180 circular degrees from the base
of the socket to the outer free ends of the wires.
Also, in order that the wires will not unduly re-
sist radial expansion, it is desirable that the heli-
cal twist of the wires be not greater than about
360 circular degrees from the pin engaging por-
tion of the socket, i. e. from the end 30 of plug
{3, to the free ends 25 of the wires.

Fig. 6 shows a variational form of the inven-
tion which takes the form of a line connector
having at its opposite ends two socket recesses
for receiving a pair of pins which are to be elec-
trically connected together.
constructed in basically the same manner as the
Figs. 1 to 5 form of the invention, including a
number of eircularly arranged helical wires [2q.
These wires are secured in the illustrated circu-
lar arrangement by reception of their central
portions within a tubular sleeve {la, against
which the wires are retained by an inner copper
plug 23a. As in the first form of the invention,
the wires may be integrated with the members
lia and 23¢ between which they are received by
electrically conductive soldering material - 24a.
A% opposite ends of slesve {1g and plug 23q, the
- wires receive a pair of backing plugs (3¢. The
wires are yieldingly urged radially inwardly
against mating pins 31 and plugs {3¢ by 2 num-
ber of springs t4a received within  positioning
notches in the wires. The outer ends 25a of the
wires are turned back into interlocking relation
in the same manner as ends 25 of the Figs. 1
to 5 form of socket.

I claim:

1. An electrical connector comprising a plu-
rality of elongated electrically conductive ele-
ments mounted in an essentially circular ar-

rangement and extending essentially helically in -

a common general direction to form together an
essentially tubular open ended pin-receiving
socket, said elements being defectible radially of
said socket, and a coil spring having an individ-
ual turn thereof completely encircling said helical

This connector is |

10

15

20

40

50

69

6 .
elements and urging them radially inwardly
against a received pin, said spring having ends
normally distorted radially outwardly into radi-
ally spaced relation to said elements.

2. An electrical connector comprising a base
body having an electrically conductive portion,
a plurality of elongated substantially circular
cross  section  electrieally conductive wires
mounted to said body and projecting therefrom
helically in a common general direction to form
together an essentially tubular open ended pin
receiving socket, said wires being deflectible
radially of said socket in conformance to a re-
ceived pin, said wires having notches formed
in the outer surfaces thereof salong g plurality
of axially spaced areas each extending circularly
about the socket, a solid electrically conductive
axially elongated essentially cylindrical member
inserted in said socket in electrical contact with
the wires at a location near said base and act-
ing to limit radially inward movement of the
wires at said location, said member terminating
at a-location spaced from said open end of the
socket to permit reception of a pin within the
socket beyond the member, and s plurality of
coil springs extending about said wires at axially
spaced locations and partially received within
said notches, the individual turns of said springs
encircling said wires and urging them radially
inwardly against said member and a received pin,
each of said individual wires being doubled back
angularly at said open end of the socket to a
bosition of extension across the path of radially
outward deflection of an adjacent wire. :

3. An electrical connector comprising a plu-
rality of elongated electrically conductive ele-
ments in an essentially  circular arrangement
forming together an essentially tubular socket
having an open end for receiving a mating elec-
trically conductive pin, said elements being de-
flectible radially of said socket, and individual
ones of said elements having portions extending
to positions in the paths of radially outward
movement of adjacent elements to thereby re-
strict relative movement of the elements.

4. An electrical connector as recited in claim
3, in which said portions of the elements are
located at said open end of the socket, said
connector including spring means extending
about said helical elements for urging them
radially inwardly against a pin received in the
socket.

5. An electrical connector comprising a plu-
rality of elongated electrically conductive ele-
ments in an essentially circular arrangement ex-
tending essentially helieally in & common general
direction and. forming together an essentially
tubular socket having an open end for receiving

- a mating electrically conductive pin, said ele-

ments being deflectible radially of said socket,
and individual ones of said elements having por-
tions extending to positions in the paths of radi-
ally outward movement of adjacent elements to
restrict relative movement of the elements.

6. An electrical connector as recited in claim
5 in which said portions of the elements com-
prise ends thereof at said open end of the socket
turned radially outwardly and to said positions
in the paths of radially outward movement of
adjacent elements.

7. An electrical connector as recited in claim

5 in which said portions ‘of the elements com-

prise ends thereof received in side-by-side rela-
tion about said open end of the socket and each
turned radially outwardly and then doubled back
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. -inzan:gxial direction-away-from said:socket end
‘and at:ansangle such-as torhave extent circularly
about:the-socket axis:and to extend.across:the
path of radially eutward movement of an ad-
sfacent element.

.~8::An -electrical- connector: as recited in elaim
“7-in-which said-elements: comprise-wires. of sub-
sstantially circular cross section, said end of each
.of+said wires:extending: across the path of radi-
:ally: outward - movement of -two  adjacent wires
-and:being radially spaced-from one of said wires.

.9+ An ‘eleetrical -connector comprising - “body
.having:an: electrieally conductive portion, a plu-

:rality - of - elongated -electrically - conductive .ele~
-rients: fixed-at ‘frst ends to-said body.and pro- -

-jecting therefrom in a:circular arrangement and
-essentially ‘Helically to’form together-an essen-
“tially .tubular socket-having -an open end for re-
-ceiving-a mating: electrically conductive pin, said

_elements being deflectible-radially: of said socket,

spring 'means - disposed - about ‘said helical ele-
ments and urging them radially: inwardly against
:a/pin when received:in the socket, the individual
selements having-sécond ‘end portions.at:said open

-end:of the socket extending to:positicus. in’ the -
-paths: of - radially outward movement. of adjacent

elements.

:10.:An -electrical- connector comprising . a piu-
rality of elongated ~electrically conductive ele-
mients . mounted .in-an -essentially - circular - ar-
rangement-and extending essentially helically in
a common geheral direction to form together an
-gssentially tubulaxr socket having-an open end for

receiving -a mating -electrically -conductive pin,
said elements being - defiectible radially of said -

.socket; spring means.extending-albout-said helical
-elements.-and urging them: radially ‘inwardiy and
sggainst-a.pin’ when:received - in-said- socket, and

an;electrically -conduetive: circular plug received
- within said socket-at a location spaced: from=said

‘open-end of the socket and limiting radidlly in-
-ward ‘moveraent of the-elements at said-location,
said plug-having an axial-extent-as great-as ius
transverse-extent, said -elements having portions
extending -alongside "and -electrically ~engaging
--eszentially ‘helical areas -of-an-outer. surface of
-said:member and movable relative thereto.
:11. -An- electrical connector as recited in-claim
.10,including -an electrically:conductive body car-
rying said -electrically conductive :élements, and
~means attaching said elements to said:body imran
essentially circular arrangement and in:fixed
relation-thereto-at-a point beyond:saidrplug in

10
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-g Qirectionaway. from said:open end:of:thesocket,
said:elements comprising a plurality of swiresiof
-essentially_circular:cross section,:said. outer:sur-
face of said plug being: substantially:cylimdrical,
.and . said spring. means including .a first: spring
disposed . about the: wires at.a’ location :radially
opposite said plug, and a second spring disposed
:about the wires beyond said plug in a.direction
toward said open end cof the socket.

192.:An electrical:connector comprising:.a plu-
rality -of . elongated ‘electrically conductive ele-
‘ments mounted in an essentially :ecircular rar-
rengement and extending essentially helically in
-g.common general direction and forming:together
&t their opposite -ends a pair:of essentially:tubu-
Jlar oppositely facing sockets for receiving mating
selectrically conductive pins, said elements having
:portions adjacent their opposite-ends respectively
forming said-sockets: and ‘deflectible radislly 6f
1said sockets, and spring means extending abeut
:said elements and.urging said opposite end por-

~tioms.radially inwardly and against mating: pins

130

4!

Tt

=

fee)

‘when received in the sockets, the individual Treli-

-cal elements having at both of their-ends portions

turned to positions in the-paths of radially-out-
ward movement of-adiacent elements to:thereby
:yestrict relative movement of the elements:

13. ‘An electrical connector-as recited-in~¢laim
12, in which each end of each element-is doubled

‘back toward the opposite -end:'of that:element

‘and at an angle such-as to have extent -circularly
about the socket axis.

i4. An electrical connector-as recited in claim
.12, including means securing -said -elements’ to-
gether in said circular-arrangement-at a location
intermediate their opposite-ends.
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