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This invention relates to electrical connectors, elec 
trical connector assemblies, and correlated inventions 
and discoveries appertaining thereto. 

In my co-pending application Serial No. 252,333, ?led 
October 20, 1951 (now Patent 2,748,364), dated May 
29, 1956, there are disclosed and claimed forms of elec 
trical connectors and electrical connector assemblies 
which effectively satisfy many of the requirements for 
such articles. I have found, however, that there are 
many instances wherein a wiping contact is desirable to 
insure clean connector surfaces, wherein it is desirable 
to assemble connector arrangements in a simple, releas 
able, and interchangeable manner, and wherein it is 
desirable to employ simple and positively-operating 

‘ I structures. 

With the foregoing and other considerations in view, 
the present invention provides simple and sturdily-con 
structed electrical connectors and electrical-connector 
assemblies, simple and effective means for providing a 
yielding support for at least one of a pair of mating con 
tact sets, improved means for bringing electrical contact 

' members together, and improved electrical connector 
assembly arrangements. 
The invention accordingly comprises articles of manu 

facture possessing the features, properties, and relation 
of elements which will be exempli?ed in the articles here 
inafter described, and the scope of the application of 
which will be indicated in the claims. 
For a fuller understanding of the nature and objects 

of the invention, reference should be had to the following 
detailed description taken in connection with the accom 
panying drawings, in which: 

Figure l is a side view of a male connector unit; 
Fig. 2 is a partly sectional side view of a mating female 

connector unit; 
Fig. 3 is a top view of the male unit; 
Fig. 4 is a top view of the female unit; 
Fig. 5 is a front view of an assembly of female units 

in a stack; 
Fig. 6 is a top view of the assembly illustrating the 

means for bringing the contacts into positive engagement; 
Fig. 7 is a fragmentary, partly sectional, end view show 

ing the latter means in inoperative position; 
Fig. 8 is a similar view showing it in operative position; 
Fig. 9 is a front view of another form of female mem 

ber; 
Fig. 10 is a sectional view along the line 10~10 of 

Fig. 9; 
Fig. 11 is a diagrammatic view illustrating in use electri 

cal connector arrangements such as exempli?ed; 
Fig. 12 is a fragmentary top view with portions broken 

away to illustrate a part of this arrangement; 
Fig. 13 is a transverse sectional view of a form of male 

unit adapted for use in the arrangement of Fig. 11; 
Fig. 14 is a similar view showing a further modi?ed 

form of male unit assembled with a similarly modi?ed 
form of female unit; 

Fig. 15 is a similar view of an electrical connector as 
sembly showing a plurality of the units of Fig. 13 assem 
bled in a stack; 

‘Fig. 16 exempli?es a modi?ed form of arrangement in 
which contacts are mounted on a yielding bed in a posi 
tion for particularly effective wiping engagement with 
other contacts; 
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Fig. 17 is a fragmentary sectional view along the line 

17-17 of Fig. 16; 
Fig. 18 is a transverse sectional view of another form 

of yieldably-mounted wiping-engagement contact arrange 
ment; 

Fig. 19 is a diagrammatic view exemplifying an effective 
pressure area between three contact areas; and 

Fig. 20 is a diagrammatic view exemplifying an effec 
tive pressure area between the two contact areas. 

In the form of construction shown in Figs. l-8 there 
are provided male units 5 comprising a central insulating 
core 6 formed preferably of hard insulating material and 
carrying on either side a sheet 7 of insulating material 
which may be formed of glass cloth, for instance, lami 
nated with copper foil from which a pattern of contact 
elements 8 is etched or otherwise provided. Each male 
unit is adapted to mate with a female unit 10 comprising 
outer layers 11 of yieldable insulating material such as 
rubber carrying therewithin sheets 12 of glass cloth on 
which contact elements 13 are etched or otherwise suit 
ably provided. 
At the ends of the male-unit-receiving opening 14 are 

end members 15 which are also formed of yieldable in 
sulating material such as rubber. The members 7 and 8, 
and 12 and 13 each extend out to the rear of their respec 
tive units and are formed with holes 16 thru which the 
ends 17 of conductors 18 extend being secured thereto 
as by solder 19 if desired. The female units may be, and 
as exempli?ed in Fig. 5 are, assembled in a stack within 
a housing 20 wherein they are adapted to be compacted 
after male units have been inserted therein. The yielding 
character of the layers 11 and 15 assure an even compact 
ing and e?ective contacting operation. 

Pursuant to the invention particular effective and ef 
ficient compacting means are provided in the form of a 
cam element movable in a direction parallel to the direc 
tion in which the male units are inserted into the female 
units. In the present instance, a cam 25 operates a wedg 
ing element 26 ‘which, as exempli?ed, moves between two 
slidable wedge-shaped elements which are arranged be 
neath the stack of the female elements. 
The cam 25 is pivotly mounted at 29 on the housing 20 

and is operated by a handle 30 which extends out con 
veniently at the front of the housing. The cam 25 acts 
on the wedge member 26 by means of rollers 31. 
The housing carries ?anges 32 by which it may be se 

cured to a wall plate 33 as by means of a screw and nut 
arrangement 34. As exempli?ed, portions 11 and 15 are 
separate pieces assembled with adhesive, and contact 
assembly 12 assembled, as with adhesive, with the other 
separate pieces, inserted thru a slit in the molded unit. 

Regardless of the manufacturing method used this type 
of construction has several advantages: The female con 
nector has no thru openings and is therefore dust-tight. 
The number of pieces assembled into a female con 
nector is reduced to a minimum since there are no sepa 
rate spacers. There are no idle rows of contacts at the 
top and bottom of the connector. 

In certain instances the assembly-parts may be molded 
in one piece. Figs. 9 and 10 show a female connector of 
the same ?nal form as that in Figs. 5 and 6 except that 
all levels are molded in one piece, the contact assemblies 
are molded in, a ?ange 35 is molded in, and a ?exible 
web 36 is molded in. This design is water-tight and 
hermetically sealed. The ?exible web serves to seal the 
space behind the pressure mechanism, and joins the body 
of the connector to the ?ange despite the deformation 
of the body during compression. 

In the form of construction exempli?ed in Figs. 9 and 
10, there is shown a stack of female units 10a disposed 
within a housing 20a adapted to mate with male units 
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5a and to be thrust into positive engagement therewith 
~~by wedging means similar to that exampli?ed in Figs. 7 
and 8 and comprising aycam member 25a and wedge 
elements 26a, 27a, and 28a. 

Figs. 11-15 illustrate an improved system for inter 
connecting pieces of electrical equipment. . In it the 
cables-which are made up of flexible elements-and are 
made integral with the plugs as shown in Figs. 13 and 
14. Contacts and conductors are also integral, being 
provided, for example, by bonding on a copper foil 
lamination to provide a conductive coating and etching 
out unwanted portions of the laminations as above indi 
cated, so no soldered assembly is required. For inter~ 
connecting a plurality of pieces. of equipment a corre 
sponding number of plugs is made as part of the same as 
sembly. Fig. 11, for example, shows three plugs on one 

, cable, with conductors joining all combinations of plugs. 
- Male units 5, comprising, as set forth above, a sheet 

~ of ?exible insulating material, such as glass cloth, sup 
porting a conductive coating made by etched foil or other 

' printed-circuit technique, may, as exempli?ed in Fig. 11 be 
'UilllZGd to interconnect circuit arrangements running to 

- three different female units._ As exempli?ed, a male 
unit 5a has an integral conductor 40 connected to a con 
tact element 812 thereon, an integral conductorlll con 
nected to a contact element 8c thereon, and an integral 
conductor 42 connected to a contact element 8d thereon. 

‘ The conductor 40 runs to an integral male unit Sf-having 
contact element 8e thereon; the conductor 41 runs to a 
contact element 8g on a similarly-integral male unit 512; 
and the conductor 42 runs to a contact element 81' on a 
similarly-integral male unit 5h. A conductor 43 runs 
from a contact element 8j on the male unit 5h to a con 
tact element 8k on the male units 5)‘; and a conductor. 44 
runs from a contact element 8m on the male unit 5h 
to a contact element 811 on the male unit 5]‘; and all 

. other conductors such, for instance, as shown at 45 and 
46 may run to other contact elements on other male 
units and/or certain of the contact elements may be 
left unconnected; all the conductors being integral with 

' the plugs. 

In the form of construction. shown in Fig. 13 there is 
provided in accordance with the invention a male .unit 
5p which is constructed similarly to the male unit 5, the 
rear portion of which is sheathed by-sheets 50 of in 
sulating material, such as glass cloth impregnated with 
phenolic resin. 

In Fig. 14 there is. exempli?ed a male unit Sq the .rear 
portion of which is sheathed vby underlying sheets 51 
like the sheets 5t}, and overlying sheets 52 of shielding 
material such as copper,‘ and a female unit ltlq wherein 

, a sheet 53 of shielding material such as copper overlies 
the layer 54 which carries the contacts 13:] and sheets 54 

' like the sheets 54} sheath the interior of the rear of the 
contacts 138. 
ing material such as copper. 

Inside these layers are sheets 53 of shield 
Fig. 14 also illustrates 

' that the female contacts also may be made integral with 
a cable. Not only may the contact strips be made in 
tegral with cable but they may be made integral with 
structures supporting and connecting other electrical com 
ponents. In other respects the female portion of Fig. 

_ 14 is the same as in‘ Figs. 2 and 4. 
For complex sets of equipment where a single plug 

cannot have enough contacts for a unit or where other 
reasons make it desirable for a plurality of plugs to en~ 
gage with one piece of equipment, the plugs of different 
cables are ganged asshown in Figs. 12 and 15 for simul 
taneous insertion and withdrawal from a single female 
connector, such as those shown in Figs. 5 and 9. 

* Male units such as shown at 5, 5p or Sq, Figures 1, 13 
'- and 14, may -be~andrpreferably>are themselves assem 
bled into stacks. One such arrangement is shown in Fig. 

-'15 wherein there is provided a:housing;60 comprising 
. plates 61 and 62 united by rods;63 .securedby nuts .64. ‘ 
Within. thehousingthere are providedcasing portions 65 
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of yieldable insulating material such as rubber in which 
the sheathed rear portions of the male unit are mounted. 
A stack of female units‘siltiq may be assembled within 
a housing similar to that of Fig. 5 for reception of the 
stack of male units of Fig. 15; and a stack of male units 
5 .mayrbeassembled similarly tothestack of Fig. 15 for 
insertion in the stack of female units shown in Fig. 5. 
Compression means such as shown in Fig. 7 and 8 may 
be provided. 

In certain instances it is desirable that a particularly 
strong wiping action be eifectuated when the contacts are 
moved together so that regardless of the conditions to 
which the contacts have been exposed .prior to their. mat 
ing engagement and release, and regardless of .the- amount 
of corrosion thereof, the wiping contact itself. will clean 
them suf?ciently foreffective electrical conduction there— 
between. A construction of thisitype is exempli?ed in 
Figs. 16 and 17. In Fig. 16 there are exempli?ed-female 
units 70 consisting, in the present instance, of yieldable 
insulating material, such for example as rubber which 

_ .has embedded in one face thereof elongated tubular con 
tact elements 71 and 72. In the present instance, the 
contact elements 71 and 72 are arranged in pairs about 
transverse ribs 73.v On the other face thereof in-the 
present instance similar contact elements 71 and 72 are 
arranged in pairs about staggered ridges 74. Intermediate 

, of the female units are shown male units 75 composed 
of yieldable insulating material such as rubber and car 
rying on the faces thereof contact elements 76 .and 77 
at each side of ridges 78 on one face and 79 on the'other 
face. The ridges 78 are alined with the ridges 74 and 

- staggered with the ridges 73 and 79, the latter being 

40 

45 

alined with the ridges 73. As will be seen, contacts ‘76 
mate with contacts 71; contacts 77 mate with contacts 
'72.. The contacts 76 and 77 are, however, offset-with 
respect to the contacts 71 and 72 so that as they are moved 
transversely of the direction in which the male units as 
they are moved vertically (Fig. 16), they will rub force— 
fully against the sides of the latter so as to scrape their 
own sides and the sides of the mating contacts clean of 
any dirt or corrosion. In order to permit the vertical 
_movement to continue long enough to be effective, the 
yielding composition of the unit 75 permits the contacts 
76 and 77 of each pair to move toward each other hori 
zontally. In order to impart vertical movement‘ to the 
units 70 and 75 there is provided a camming element 
80 pivoted at 81 to a housing 82; and bearing against a 
vertically movable overlying bar'83.v A handle.84 is 

. .provided for operating the camming element. I The. gen 

50 
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eral construction may be similar to that exempli?ed. in 
my application above mentioned. . 
An arrangement having a similar effect is exempli?ed 

in Fig. 18 herein. 
In the form of construction exemplified in Fig. 18, 

there is shown a stack of female members 85 comprising 
insulating blocks 86 and insulating plates 87 both of which 
may be composed of phenolic resin. On the outersur 

1 faces of the plates there are mounted sets of electrical 

75 

. at 91. 

contact elements $8, and outside of these are mounted 
resilient corrugated contacts 89 the ends of which extend 
thru holes 90 in the plates and are bent over as shown 

Mating with the female members 85 are-' male 
members 95' composed of sti?i' insulating material 96 
'suchas phenolic resin carrying on its surface a series of 
contact elements 9%. As will be seen, the necessity- of 
a yieldable support for the contacts is eliminated, ‘and the 
resilient contacts vwill, moreover, exert a wiping action 
due to the shifting of the points of contact underv the 
compressive action of the‘ resilient metal. 
The invention further contemplates the provisionof 

pressure arrangements such that a pluralityof'contact 
areas .will be effectively brought. into substantially ‘equal 
,ized positive contact, even without the uselof yieldable 
_material. 

The location of such areas will best be .understoodg-by 
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a reference to Fig. 19 wherein contact elements 100 mate 
with contact elements 101 at three areas 102, 103, and 
104. As will be seen, tangents 105, 106, and 107 have 
been drawn to the contact areas 102 and 103, 102 and 
104, and 103 and 104 respectively. Within this area 
is a shaded triangle 108. As will be apparent, pressure 
just to the left of the line 106 will result in good contact 
at 102 and 104, but not at 103; pressure just above the 
triangle will result in good contact in areas 102 and 103, 
but not at 104; and pressure just below the triangle will 
result in good contact in areas 103 and 104, but not at 
102. In order to get effective substantially-equalized 
contact on all three contact areas, pressure must be ap 
plied within the shaded pressure area 108. 

In Fig. 20 there are shown contact elements 110 and 
contact elements 111 contacting in areas 112 and 113. 
Between these contact areas have been drawn exterior 
tangents 114 and 115 respectively. In effectuating con 
tact on two areas, the actual result is a pressure in the 
nature of that exerted by the legs of a tripod, or an ordi 
nary four-legged chair in which the effective supporting 
action is actually on only three of the four legs at any 
particular time. Between the lines 114 and 115 there 
is a quadrilateral area 116, pressure in any part of which 
will give effective contact in both of the contact areas 
112 and 113. Pressure in one part of the pressure area 
116 may result in positive contact of two points on the 
area 112, and at one point on the area 113; whereas 
pressure in another part of this pressure area 116 may 
result in a single point contact in the area 112 and a two 
point contact in the area 113. But in any event each 
contact element 110 effectively contacts a contact element 
111. 

Since certain changes may be made in the above article 
and different embodiments of the invention could be made 
Without departing from the scope thereof, it is intended 
that all matter contained in the above description or 
shown in the accompanying drawing shall be interpreted 
as illustrative and not in a limiting sense. 
Reference is made to my copending applications Serial 

Nos. 557.086. now abandoned and 557,087, which were 
?led January 3, 1956, as divisions of the present case. 

Reference is also made to my copending application 
Ser. No. 639.754, ?led February 12, 1957, as a continu 
ation-in-part of said application 557,086. 

I claim: 
1. A female contact unit which is U-shaped in cross 

section and the sides of which comprise layers of yield 
able material each carrying on the interior thereof a 
sheet of thin ?exible insulating material, and a plurality 
of ?at contact elements lying against the inner surface 
of each sheet and adapted to mate with contact elements 
on a male member inserted between said sheets. 

2. A female contact member comprising a housing 
containing a stack of contact units as set forth in claim 1. 

3. An electrical connector assembly comprising a stack 
of female contact units as set forth in claim 2 and a. 
mating stack of male contact units comprising insulating 
supports having opposite faces with ?at contacts adherent 
thereon and adapted to mate with the contacts on the 
female units. 

4. A female contact member as set forth in claim 2 
wherein there is provided means to compress said contact 
units in a direction perpendicular to said sides. 

5. A female contact element as set forth in claim 4 
wherein said means comprises an element movable in a 
direction parallel to said sides and means to convert said 
parallel movement to compressive movement in a direc 
tion perpendicular to said sides. 

6. A female contact unit as set forth in claim 1 wherein 
the sides have end portions which are joined by yieldable 
insulating material. 

7. An electrical contact assembly comprising a female 
contact unit as set forth in claim 1 and a male contact 
unit comprising an insulating support having opposite 
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6 
faces with ?at contacts adherent thereon and adapted 
to mate with the contacts of the female unit. 

8. A detachable female electrical connector member 
having a body of resilient material and having at least 
one cavity therein, said cavity having at least one side 
carrying a sheet of thin ?exible insulating material having 
a surface facing said cavity, and a plurality of ?at contact 
elements lying against said surface and adapted to mate 
with contact elements on a male member inserted into 
said cavity. 

9. A detachable electrical connector as set forth in 
claim 8 wherein there is provided means for applying pres 
sure in a direction transverse to said sheet to a portion 
of said resilient material which backs said contacts. 

10. A connector member as set forth in claim 8 wherein 
there are provided at least three layers of resilient material 
which provide side portions of a plurality of cavities there 
between and at least one of which layers carries a sheet 
of insulating material with contacts thereon facing one 
cavity and a sheet of insulating material with contacts 
thereon facing another cavity. 

11. A connector as in claim 8 wherein said female mem 
ber is provided with a waterproof housing extending about 
the periphery of said female member to seal it upon the 
entry of the male member. 

12. A connector as in claim 8 including means for 
mounting said connector about a hole in a surface. 

13. A connector as in claim 12 wherein said resilient 
material continuously overlaps said hole and is bonded 
to said insulating sheet whereby said connector is rendered 
waterproof. 

14. An electrical connector as set forth in claim 8 in 
which an edge portion of said sheet extends into said re 
silient material. 

15. An electrical connector having spaced layers of re 
silient material, a closed rear end portion, closed longi 
tudinal end portions, and a front opening to an interior 
recess, said layers each carrying a ?exible sheet of in 
sulating material facing said recess and carrying on its 
face a plurality of ?at contact elements lying against its 
inner surface, and said end portions each embodying a 
layer of resilient material. 

16. An electrical connector as set forth in claim 15 in 
which there is provided means to apply pressure to said 
layers. 

17. An electrical connector as in claim 16 wherein said 
pressure-applying means comprises a lever and a wedge. 
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