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3,181, M?;

MIINMNIATURE C@N’E‘AC‘E‘ ELEMENTS @F TUBULAR

PROFILE FOR ELECTRIC COUPLINGS OF THE |

PLUG AND SOCEET TYPR |
Francois Robers Borhomme, Courbeveie, France, assign-
or to Curtiss-Wright Corperation, a eevmraﬂeﬂ of

Beiaware
Filed Nov. 23 1%2 Ser. No. 239, 845
Claims priority, aypheaeuen Tance, N{w. 241 1561,
879,989
4 Claims, (Ci. 339—252)

The present invention rulates to miniature contact ele-

ments of tubular profile for electric ceuphngs of the plug-

and socket type (sazd contact elements generally consist-

ing of sockets but being possibly plugs).

in the following description and claims the term ‘mini-
ature contact element” means an element the transverse
dimensions of which do not exceed 0.6 mm.,
as small as 0.2 mm. and even less. The use of such ele-
ments in certain types of electric and emmme appa-
ratus has been stuauﬂy increasing.

Such small dimensions involve pmblems Whlca are. ex-

tremely difficult to solve for pra‘...tleal purposes. As a
matter of fact, in order to have good gualities, such con-
tact elements must have at least two, and preferably
three, reliable points or areas of confact between the plug
and the socket.

and may be |
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tinuous sclid wall,
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made of a resilient matenial

a cylindrical tube which is
which is a
I locally deform this tube so as to -
form said projection and then cut off said wall over the

whole length thereof intended to cooperate with the other
element of the electric coupling over at least 180° of pe-
ripheral development, after which I ﬁenera*lly procesd to

a surface protection of the element by an electrolytlc |
mefhod | - - |

Preferred embodiments of my. invention will be here-
inafter described with reference to the anpended draw—:
ings, given merely by way of example, and m which: |
- FIG. 1 is an axial section of a tube adapted for the .
manufacture of a contact soeket adwrdmg to
bodiment of the invention; -

Fi(G. 2 is a similar view of a modmcatmﬁ |

FIG. 3 is a side elevational view of the contact sackﬁ,t -

cbtained ;fre*n either of the tubes of FIGS. 1 and 2;

20

FiG. 4 1s a plan vlew seen from under FTG 3 aﬂd cor-

responding thereto; |
FIGS., 5 and 6 are sec‘mnai wews of the sscket ele~

- ment of FIGS. 3 and 4, reseecliwh on the 11*1es V——-—-—V |
and VI—V1I of FIG. 3; |

25

Furthermore, they must be as resilient |

as possible so as to take into account the tolerances of

machining and they must permit a very great number of
- connecting and disconnecting operaticns without deteri-
oration of the device. ‘[Finally they must provide surface
protection such as by an electric coating of silver, gold,

30

rhodium or an analogous substance adapted to the appli- B

cation that is being considered. This protection is par-
ticularly difficult to obtain in the case of contact elements
ihav.in:g a twb‘ul-ar profile of closed outline, the inner diam-
eter of which is of course very small, because in this case
the electrolyte or any other treatment bath cannotf pene-
trate thereinto from one end to the ether dL.e to suface
tension phenomena. | - -

A principal object ¢f my mvemmn is 10 provids an
electric element of this type which is better adapted to

meet the requirements of practice than those known up

to this time, especially from the point of view of safety

~of operation and of surface jpratectl{m by an electrslymc -

coating.

For this purpose, accordzm to an essential feature m_

my invention the contact element is characterized in that,

seen in end view, it has a closed tubular profile but that,

‘over its length for cooperating with the other element of
 the electric coupling,
transverse plane hwe a perlpheral development smaller
than 180° and have angular configurations variable from
one section to the cther. This contact element has, in at
“least one transverse area thereof, a projection with respect
to said closed tubular profile intended to ensure a tight
contact with the other element of the electric coupling.

- This projection is turned mwardly when the element

- under consideration is a socket (intended to cooperate

with a cylindrical plug), the transverse dimensjons of

‘the solid portions located in aay

36

Biz, 7 is a transverse seomonal view Df a sucket ac~
cording to a modzﬁcam}n of the emstrucﬁon of MCS |
3 and 4; o --

FIG. 8 is a view similar to FIG. 1 but CGI’luSpGIldH‘g -
to another embodiment of the invention; -
FIGS. 9 and 10 show, similarly to FIGS. 3 and 4 re-

spect wef, a contact soc kei obtamed from the tube i}f

FiG. §; -
FIG 11 is a view, similar to- FTGS 1 and 8, cfa tubu --

for. making the contact socket a hccordlng to a t]:urd em-'_.

bodiment of the invention; . ._
TIGS, 12 and 13 are views similar to PIGS 3 and 4,

~respectively, of a conta,ct socket made from the tube of
FiG. 11; | | -

FIG. 14 is a transverse sm‘omnal view on the lmeﬁﬁ |

. XIV—XIV of FIG. 12;
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- which range between the inner transverse dimensions of
- the general cylindrical profile of the socket and .thoss of

the inner cross section thereof at the level cf said pro- -
jection. ‘This projection is, on the contrary, turned out-

- wardly when the element under consideration is a nlug

(intended to cooperate with a cylindrical socket), the

:umer transverse dimensions of which range between the

xternal transverse dimensions of the general cylmdrleal
cutline of the plug and those of the external cross. sec..mn
‘thereof at the level of said projection.

in erder to obtam such a contact ele“&ent i start fmm-

FIGS. 15 and 16 show, similarly m FIGQ 3 aﬁd 4 re--

spectively, a socket element made according to a fourth

umeodlment of the mventmn fmm a tube such as shown'
+b3? G 11; o
- FiG. 17 shews snnﬂarly fo FIGS 12 and 15, a sooket_
el ment made, according to a fourth embodiment of the
invention, also from- the tube of FIG. 11; .
FIG. 18 is an axial sectional view of ‘a tube serving to

“manufacture a contact plug ._.'1ement according to the in-- "

vention; | -
- FIGS. 19 and 20 are an elevatmnal view and a plane' |

- view, respectively, of a plug element made from thef'

blank of FIG. 18; |
Finally FIGS. 21 to 23 show varmm proﬁles, dlf*"erentf_

: from circular ones, of the tubes shawn b ] PI""S 1,2, 8 |
11 and 18. B o | |

- T will ﬁrqt consider the manufacthre of a contaet soeket :
intended fo coepera‘ce W1th a- plug 11 of d1amuter a:

(FIG 4). | o
I start fmm a cy,arrdrzcal thue 2 of a resﬂzeﬁt metal o

such as an alle‘y ci copper and berylhum a bronze, or -
the like, the inner diameter b of which is slightly greater
~than the diameter a of plug element 1, said tube prefer-. |
ably being of circular cross section (I“IGS 1,2, 8and
11) and I cut off a portion of this tube of a Ienﬂth equal'-
" to the desired length of the socket element. -

According to the embodiment of FIGS. 1 to 4. i ferm -

t_an mmward am‘!ular projuctmn 3 51_1(;}1 th at the 1111161 di- - _,
ameter of the tube at this 1eve1 has a value o Smaller...:_...;gf

than a. | | -
By way of example fur a pluﬂ' ] havmg a dlan‘leLer a -
equal to 0 25 mnt., I take a tube 2 of an mner diameter o

good conduoctor of electricity, having a con-

a first erm- .



- wall.
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| ,lj : |
b cnual to about 0.3 mm. and of a thlckness d averaging
0.05 mm. and I reduce the diameter of this tube at 3

in a umform manner so that the minimum diameter ¢

averages 0.2 mm. According to FIG. 1 this deformation
is carried out without reducmg the thickness of the tube

the sod{et element I may, as shown by FIG. 2, give it,

However in order to increase the ﬂemblhty of

A

Ty

In a general mziriner the elements of FIGS S to 10

that are identical to those of FIGS. 1 to. 4, are designated

at' the level of said reduced diameter 3, a thickness e =

‘smaller than the ﬂiﬂCkIlﬁS“ d of the wall of the remainder:

of the tube.

- The wall of tube 2 is: 1hen cut off over its whole
length intended to cooperate with piug element 1, over at

least 180° of its penpheral development, preferably

by means of a cuiting tool of suitable shape.
. As shown by FIG. 3, I may use two frustoconical

‘cutting tools (or milling tools) 4 and 5 the axes & and

by the same reference numerals, sometimes followed by

Jetters a or b.
I provide on tube 2 two annular constrictions 3q and
3%, and this tube is cut by means of two frustoconical

cutting tools 5z and 5b, the respective axes 7a and 7b
of which are in line with each other, and of a bi-conical

 cutting tool 4a having its axis 6a parallel to axes 7a and

10
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7 of which are parallel to the axis of the tube and are -

.preferably, as shown, located in the same plane as said -
axis (this planp being that of FIG. 3), the respecfive -

generatrices of these cutting tools that are closest to each
i thus

obtain two portions or strips 8§ and 9, as shown by FIGS.

other being substantially paralle]l to each other.

3, 4 and 6, located at a. distance from each other, 111_-_"

the plane of the inner projection 3, equal to ¢ (see FIG.
- 6).

These two portions are connected on one side to a

ring-shaped pertion 19, serving to guide plug clement i,
- the end ia of which is tapered and on the other side to

7b and Iocated in the same plane as said axes and as the
axis of tube 2. I thus obtain two strips 8« and 9a at the

~ level of constriction 3a and two strips 85 and 95 at the

level of constriction 35, the whole of these four strips
being connected together as above stated by junction 12a4.

On the other side strips 8a and 94 are connecied to a

sortion 11 identical to that of FIGS. 3 and 4 and strips

' 8b, 9b to a blade clement 14 which, contrary to ring 10,

has not a closed outline. In this case, plug 1 is applied
at a point of each of the four strips 8a, 94, &b and 95.

 The access of electrolyie is possible, as in the preceding
case, to the inner surface of the socket durmg the sur-
~ face protection treatment. |

“The construction of FIGS. 11 to 13 differs from that of
FIGS. 8 to 10 only by the provision of a fifth point of

‘contact with plug element 1. For this purpose, tube 3 is

- provided, in addition to constrictions 3a and 35, with
~ a third middle constriction 3¢ which, after milling opera-

‘a socket portion 11 intended to receive an electric ter-
‘minal conductor fixed thereto for instance by welding.

This socket portion 11 is advantageously reduced to a

‘small portion of the periphery of the 1'111‘131 tube to form

a strip as illustrated by the drawings.

Similar arrangements, which will be hereinafter de- :
- scribed, are shown in FIGS. 8 to 10, FIGS. 11 to 13

FIGS. 15 to 17 and FIGS. 18 to 20 respectively.

I thus Ubtaln a contact socket which, scen endwise

'(FTGS 5 and 6), has a closed tubular ouiline but the

solid portions of which, over the length thereof intended |

. g}_1
deveiopment smaller than 180° and anﬂular -dispositions 0

to cooperate with plug eiemem 1, have a total peripheral

which may differ irom one portloa to another. These

~ solid portions consist of the respective strips § and 9, of
the junctions 12 and 13 of these strips, and ot 1011g1t11m-'- |
‘nal portion 11. The socket has, at the level of the por-

tmn 3 of reduced diameter, a pro jection .on every portion 435
B - and cutting tool 16 on the other side, the transverse plane

8 and 9 intended to come into contact with plug element
1, which is further guided by ring 1@ and by the begm—

‘ning of portion ii..
By way of e};ample the mdth f of portlons 3] and 9

may.be about 15 mm., their length 9 about 2. mm. and tﬂc é

- width £ of ring portion 19 about 0. 15. |
- Of course, instead of making two strips 8§ and ‘9 by

means of two cuttng tools 4 and 5. -1 might make three - -

strips 14 (FIG. 7) by means of three cutitng tools, the -

-~ total development of thes sirips being at most equal to

- 180°.

socket.

Instead oi havmﬂ StI‘lpS znd 9 dlsposed at tﬂe same

~ level in the lmgltudmal direction .of the socket I might
offset them in this direction, In which casc I rmght pro-

vide initially two portions of reduced dlameter such as
'3, offset in the longitudinal direction so that the corre-
- sponding pI’G]E"‘tIDHS are aﬁprovlmately located at the
mmdle point of every. strip.. This _arrangement,

3
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- passing through this last memloned axis.

‘tions analogous to that illustrated by FIG. 9, provides

an inward projection on junction 12c¢ which is analogous
to the junction §24 of FIGS. 9 and 10. This increases the
flexibility. of the socket element between its ends 11 to

14, and facilitates good electrical contact with the plug

at the level of constrictions 3a and 35 despite the func-
tional wear ‘and tear and metal fatigue. .
In the foregoing, it was assumed that tube 2 15 cut |

by means of tools having their axes parallel to the axis

of the tube. Of course other cutting arrangements are
posmble as shown by FIGS.. 15 to 17 where the initial tube
IS identical to that shown by FIG. 11.

Accordmg to the construction of FIGS 15 and 16 I

‘make use for instance of three milling tools 15a, 155,
“and 16, -the respective: axes of which are perpendicular

to the axis of tube 2, the middle planes of a cutting tool
Cutting tools
15 and 15b are located on the same side of this axis

 passing through the axis of cutting tool 16 being at equal
- distances from the transverse planes passing respective-.

1y through the axes of the two other cutting tools.
shown by FIG. 16 the oval shaped hole 18 provided by

Owing tﬁ) the shapﬂ th’ﬂa given to the socket element
it is posisbls to protect by electrolysis the inner faces of -
strips 8'and 9 or 14 and of the remamder of the centact-'

60

As

the middle tool 16 has its ends at the same longitudinal

level as those of the oval shaped holes 174 and 17) pro-- -

vided by the end tools 15a and 155. Thus, even at the

- level where these holes are narrowest the solid portion -

that remains of the tube does not exceed 180° in the

peripheral direction, at least over most of the length

of the socket member. Preferably, hole 18 1is obtaimed

by a tool of greater diameter than those of the two
. othér tools and over a greater length than holes 174 and.

17h. The solid portion. consists as in the preceding em-

bodiments of strips 19a, 195, 29a, 26D between Wthh.

"~ the surface protection electrolyte can pass.

not - -

~shown by the drawings, would permit mcreasmg the resﬂ-_-._'.- :

) tency of the strip.

- According fo the constructmn Gf FIGS. 8 to 10 111c111-_

sive, I provide a socket element by makmg in a single
piece two sockets analogous to that above described con-

~ nected together by a ]ﬂ‘lCthH_lZa_CO.;I‘_f,’:SpOIldI_HW_tG twice
-junction portion 12 of the preceding example..

LY

Instead of being cylindrical, milling tools 154, 15b and
16 may be spherical. Furthermore - instead of parallel

-. dlSpOSltIOﬂ of the axes of these tools, they may be offset
by 120° for instance with respect to the axis of tube 2.

Finally, according to the embodiment of FIG. 17, T
may use tools 21a, 21b and 22 having their respective
axes perpendicular to the axis of tube 2, the distance

7o k between the axes of the middle tool 22 and that of

either of the extreme tools 21g and 2ib being prefer-
ably smaller than the sum of the respectwe radii R and r

of these tools.
If now it is mtended to pmwde a contact plug in-

| tended to cooperate with a socket 23 havmg an inner diam-



-

eter equal to ! (FIG. 20), I

'3‘,18'1,'11'2' :

5

preceed as for making the

sockets of FIGS. 1 to 17 with the difference that, instead

- of one or several constrictions such as 3, 34, 3b and 3c,
I provide tube 2 with one or several portions of enlarged
diameter such as the two portions 24a and 24b in the case
of FIG. 18. I determine the whole in such manner that

the external dia

eter m of the tube is smaller than said

diameter [ but that the external diameter n at the level
~ of portions 244 and 24b is greater than this diameter /.

- By means of two frusto-conical milling tools 25 and
26 (disposed appreximately in the same manner as the
respective tools 4 and 5 of FIG. 3). I cut tube 2 in such
manner as to leave only two inclined strips 27 and 28

oIt

(analogous to strips 8 and 9 of FIGS. 3 and 4) con-

nected on one side to a portion 11 (analogous to that
designated by the same member on FIGS. 3 and 4) and

on the other side through a blade portion 29, with a ring

element 30 serving to the centering of socket member 23.
In this manner, I obtfain between said socket 23 and the -

plug member, three points of contact, to wit two on strips
27 and 28 (at the level of flaring portion 2456) and one
on pertien 29 (at the level of flaring pertien 240). Any-

way, in every cross section, there remains only solid por-

tions extending over less than 180° which permits free

access of the electrolyte or other electrolytic or chemical
pretectmn bath.

In the preeedmg description it has been assumed that
the initial tube is of circular cross section.

20

Of course

this cross section might have a different shap’e without

modifying the principle of the invention, in partlcular

the tube may have an oval shape (FIG. 21), an approxi- |
mately triangular shape, (FIG. 22) or an appromate-

ly rectangular shape (FIG. 23).

30

2. 1n a miniature electrical connector. of the plug and
socket type, a socket element for receiving a pin-like plug

contact, said socket -element being formed of integrally '

united elemental portions of a conducting sleeve, compris- -

ing a ring defining the socket entrance for ﬂuldmﬂ the plug
~contact, a pair of spaced strips shaped as opposing side -
wall portions respectively, of the sleeve and extending at =
| cerrespondmﬂ' ends thereof from a common junction with
said ring generelly along and obliquely with respect to
‘the longitudinal axis of the cylinder, and a terminal strip
extendmg parallel to said axis in alignment with a pemt o
on said ring generaily opposite the aforesaid. junction, at

least one of said strips having a projection extending in-

‘wardly toward said axis for wiping contact engagement |
with said plug contact, and both strips at their other cor-

IESpO‘ldmﬂ' ends. havmg a Ccommon ‘junction W1th seld c
terminal strip. | |
3. In a miniature electrical cer*necter of the plug and
socket type, a socket element for receiving a pin-like plug.

contact, said socket element being formed of integrally -

united elemental portions of a conducting cylinder, com-

prising a ring defining the socket entrance for guiding the o
plug contact, a pair of spaced strips shaped as opposing

side wall portions respectively, of the cylinder and €X-

tending at corresponding ends thereof from a common
junction with said ring generally along and obliquely with

respect to the longitudinal axis of the cylinder, the COmi-
bined width of said strips at a transverse section repre-

- senting less than 180° of the corresponding periphery of

said cylxnder and a terminal str1p extending parallel to

~ said axis in alignment with a point on said ring generaily

The contact elements according to my invention in-

clude the following advantages:

39

(1) Longitudinal flexibility of the active portion ef the -

- contact element;

(2) Strength of the centact element

~ (3) Safety, owing to the provision of at least two sure'
contact points (or areas), the number of these points

being possibly. increased without complicating the con-
struction; |

'_oppes1te the aforesaid junction, each strip havmg a pro-

jection extending inwardly toward said axis for wiping
contact engagement with said plug contact, and both strlps-
at their other corresponding ends having a common junc-
tion with said terminal strip.

4. In 2 miniature electrical connector of the plug and =

- socket type, a socket element for receiving a pin-like plug

40

(4) Absence of any inner surfaces which cannot be

reached for chemical or electrolytic protection;

(5) Easy construction permitting complete automatic
fabrication and a reduction of the cost of manufacture.

In a general manner, while the above description dis-

- closes what are deemed to be practical and efficient em- |

bodiments of the invention, the present invention is not

. limited thereto as there might be changes made in the

arrangement, disposition and form of the parts without de--

- parting from the principle of the invention as compre-
hended within the scope of the appended claims.

What I claim is:

1. In a miniature electrical connector having plug and
socket contact elements, one of said elements being

45

contact, said socket element comprising a ring defining the =

socket entrance for guiding the plug contact, a pair of

‘bowed spaced strips diverging at eorrespondmg ends there-

of from a common junction with said ring generally along

~and obliquely with respect to the longitudinal axis of the

ring so as to conform to the corresponding plug surface,

and a terminal strip extending parallel to said axis in .

alignment with a point on said ring generally opposite the
aforesaid junction, at least one of said strips being de-

- formed to prewde a projection extending mwaraly toward -

51

said axis for wiping contact engagement with said plug
contact, and both strips at their other corresponding ends
converging to make a ‘common ]unctlon with said ter-

- Imnal str1p

formed of integrally united elemental portions of a con- =

ducting sleeve and comprising a ring defining the end for

~cooperating with the other contact element, a pair of
spaced strips shaped as opposing side wall portions respec-
tively, of the sleeve and extending at corresponding ends
- thereof from a common junction with said ring generally

60

along and obliquely with respect to the longitudinal axis

of the sleeve, and a terminal strip'_extending-parallel to
said axis in alignment with a point on said ring peripher-

ally spaced from the aforesaid junction, at least one of

- said StI‘ipS having a projection -extending transversely of
- said axis for wiping contact engagement with the other

contact element, and both strips at their other correspond-
g ends hawng a common ]unctlon wﬂh said terminal
strip.

65
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