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Electrical connector assembly.

@ An electrical connector assembly having low mating
force and moisture protection for an electrical connection
between contacts {120, 220) in each of the two connector
halves (100, 200) of the assembly, said electrical connector
assembly including an interfacial seal (150) made of closed
cell foam elastomeric material mounted between the forward
faces of the connector halves {100,200) and preferably rear
mounted grommets (180,280), preferably made of a silicone
rubber such as polymethyl silane, and the preferred elas-
tomeric foam material having a density of approximately .45
the density of a solid {non-foam) material.
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Electrical connector assembly

The present invention relates to an electrical connec-
tor assembly of the type comprising : first and second mating
connector housings, each having a forward face facing in the di-
rection of the mating and passages extending therethrough and
terminating at the forward face; and mateable electrical contacts
having low mating force mounted in the passages of each of the
connector housings and extending forwardly to the forward face.
More specifically, the present invention relates to an electrical
connector which has a low mating force and which provides an elec-
trical interconnection of mated lines which is relatively resis-
tant to moisture penetration (moisture-proof). Because of the salt
contaminants inherent in moisture, moisture can create a galvanic
action and oxidation, both of which have undesirable effects on
the metallic conductors of contacts. Additionally, moisture unde-
s5irably affects the insulation resistance bétween circuits and
the resistance of a given circuit.

Electrical connectors are known which have low mating

~ forces. One such connector type is described in U.S. Patent

No. 3,725,844, The connector includes contacts having a plurality
or bundle of axially aligned wires, each having a forward angled
or tapered end surface. Théﬂbundle of one contact interfits inan
electrical connection with another bundle of similar structure.
While this connector has a relatively low mating fbrce, it does
not necessarily provide a moisture-proof connection. While some
applications allow for a connection which is not moisture-proof,
in many instances, it is desirable to provide the moisture-proof
connection between terminals. ’

) In such instances, it is sometimes expensive or diffi-
cult to obtain a moisture-proof connection. Furthermore, the appli-
cation of a moisture-proof arrangement to a connector sometimes
adds undesirably to the mating force of the connector. Since the
connectors themselves have a number of contacts and each contact
has a finite mating force itself, the addition of even a small
increment to the mating force is undesirable. Furthermore, in some
applications, the maximum mating force is specified and the pro-
vision of a moisture-proof arrangement which has a significant
mating force might reduce the number of contacts which otherwise
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could be used.

In some of the prior art applications, a moisture-proof
arrangement is provided by a rear mounted grommet made of solid
silicone rubber. Associated with each passage through the sili-
cone rubber grommet are spaced moisture-proofing webs which are
yieldable to allow a larger contact to pass therethrough and then
resiliently return to a smaller diameter to engage the
wire = in the portion of the web. While such a grommet proves
acceptable in many applications, the rather small portion of the
grommet that actually provides the moisture-proofing (the webs)
is a limitation in some instances. |

The prior art has also suggested a tower and recess
arrangement to provide moisture resistance at an interfacial seal.
Such towers,made from a grommetting material, provide a solution
but are undesirably high in manufacturing cost because of relati-
vely low yields of acceptable parts.

Accdfdingly, the connectors of the prior art have signi-
ficant limitations with respect to electrical connectors that re-
quire both moisture-proof interconnection and a low mating force.

The present invention overcomes the disadvantages and
limitations of the prior art arrangementsrby providing an elec-
trical connector assembly comprising first and second mating connec-
tor housings, each having a forward face facing in the direction
of the mating and passages extending therethrough and terminating
at the forward face, and mateable electrical contacts having low
mating force mounted in the passages of each of the connector
housings and extending forwardly to the forward face, in which
there is provided an interfacial seal mounted to the forward face
of at least one of the connector housings, said interfacial seal
including a compressible layer of an elastomeric material formed
into a closed cell foam structure. . .

'~ In the preferred embodiment of the invention, the elec-
-tr'ical connector assembly additionally includes rear mounted grommet
type moisture protections, preferablyintheform of closed cell foam, to
isolate the wires and the interconnections from moisture.

The electrical connector assembly of the present inven-
tion has the advantage due to its resistance to moisture to have
a long life, to be more reliable and free of contaminating salts.
In addition, it has the advantages : that the low mating force is
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achieved while maintaining a moisture-proof cdnnection between
the cooperating elements} that said assembly is simple to assem-
ble and disassemble; and that said assembly is of'a low manufac-
turing and assembling cost.

One way of cgrrying out the invention is described in
detail below with reference to the drawings which illustrate one
specific embodiment and a slight modification thereof, in which :

FIGURE 1 is a cross-sectional view of a connector half
of the present invention, before assembly of the contacts and in-
sert assembly.

FIGURE 2 is a cross-sectional view of a mated connector
assembly employing the principles of the present invention.

' FIGURE 3 is an alternate embodiment for joining the
connector halves. _

FIGURE 4 is an enlarged view of a cross-section of the
interfacial closed cell foam, cut along the line IV-IV in FIGURE

1.

FIGURE 1 shows a portion of a connector half 100 of
the present invention. The connector 100 includes a body 110 and
an interfacial seal 150. A passage 160 extends through the body
110 and the interfacial seal 150 between a front mating face 152
and a rear face 118.

The body 110 is preferably made of a molded plastic
such as thermoplastic or thermoset resins. A preferred material
for the body 110 is a polycarbonate resin sold by General Elec-
tric under the trademark Lexan, although other thermoplastic ma-
terials having moderate to high temperature_characteristics may
be used. Additibnal suitable materials include thermoplastic .po-
lyesters (sold under the trademark Valox and Gafite) ‘and PBT and
PET plastics sold under the duPont trademark Rynite.

The body 110 advantageously includes mounting projec-
tions 111 and forwardly projecting arms 112 which terminate in
outwardly projecting ends 112a. Intermediate the length of the
arms is an aperture 113 for receiving and releasably retaining
an enlargement from the (other) mating connector half (not shown
in this view; shown in FIGURE 2). ,

The body 110 includes a rear annular flange 114 having
an external screw thread 115 and an internal surface 116 defining
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a cavity for receiving a contact assembly.

The interfacial seal 150 is mounted (and preferably
adhesively secured) to a forward face 119 of the body 110. The
seal 150 is made of an elastomeric material, preferably a sili-
cone rubber preferably polymethyl silane, but alternatively neo-
prene or polyvinyl silane, formed into a closed cell foam may be
used. Such a closed cell foam of a silicone rubber material is
available from Connecticut Hard Rubber Co., although additional
sources are believed to include Rogers Corporation or Lauren Ma-
nufacturing Company. The materials chosen are resistant to passa-
ge of hydrocarbon which could degrade the electrical performance.

The interfacial seal 150 of the preferred embodiment
is to be of approximately 1 mm in thickness and have a density
of approximately 0.50 grams per cubic centimeters, although den-
sities of 0.40-0.60 grams per cubic centimeters appears accepta-
ble. The preferred silicone rubber (polymethyl silane) used has
a density of approximately 1.12 grams per cubic centimeters in
its solid (non-foam) configuration, but the preferred foam den-
sity is approximately 45% the density of the solid material,with
the preferred range of density of the foam being 35%-55% of the
solid material. If the foam is chosen of a lesser density, the
material has too much of a sponge nature, so that the moisture-
proofing qualities are reduced or eliminated. If the foam is of
a density greater than approximately 55%, the compreésibility of
the material is reduced, leading to relatively large mating for-
ces. '

The passage 160 extends between the forward face 152 of
the interfacial seal 150 andthérear face 118 of the body 110. Ad-
vantageously, there is an enlargement 165 of the passage 160 to
receive an enlarged retention shoulder of the type present an many
styles of conventional contacts. )

Closed cell foam of the type used in the interfacial
seal 150 is chosen for its moisture-resisting and compressibility
characteristies. The closed cell foam has air pockets which are
relatively small and discrete and without a convenient moisture
path therebetween.

FIGURE 2 is a cross sectional view of an assembled
electrical connector assembly including the first connector half
100 of the type described in connection with FIGURE 1 and a
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second connector half 200.

The connector 100 includes a contact 120 and a' conduc-
tor 130 which are connected in electrical circuit relationship.
Tﬁe conductor 130 passes through a rear mounted grommet 180 and
over a retaining block 170. The grommet 180 is preferably a pie-
ce of closed cell foam silicone rubber approximately 5mm thick,
a material which will yield sufficiently so that conductor- recei-
ving apertures can be made slightly smaller than the diameter of
the conductor. Insertion of the conductor into the aperture causes
it to expand and provide a dynamic compression seal around the
wire, providing a moisture-resisting seal. Less desirable, though
acceptable for some applications, is a grommet of conventional
design vherein it is made of solid (non-foam) silicone rubber ha-
ving larger passages with a plurality of conductor-gripping webs.

The retaining block 170 includes a through passage 172
for each conductor and a blind hole 174 for conductor termination.

_ The retaining block 170 and conductors 130 are placed
in position by a retaining ring 190 which has internal threads 192
to engage the external threads 115 on the body 110. The rotation

-of the ring 190 to engage the cooperating threads 115, .192 urges

the conductor (at a medial, transverse area) into rear extending
conductor wires which taper to a sharp point to pierce through
the conductor wires and form an eleetrical connection between the
conductor 130 and the contact 120.

The connector half 200 is similar in structure -andfunc-
tion to the connector half 100. Thus, contact 220 is mounted within
a body 210 and is coupled to a conductor 230. The ednquctor 230

passes through a retainer block 270 and a rear grommet 280 held
in place by retainer ring 290. N B

The conductor half 200 does not have its own interfacial
seal nor outwardly projecting arms. It has forwardly projecting
piece 212 of smaller diameter than the arms 112 to interfit within
the arms 112. The piece 212 includes projections 213 which fit
within the aperture 113.

FIGURE 3 shows connector halves 100, 200 in mated rela-
tionship, but held together with a coupling nut 300. The nut 300
has an internal screw thread 310 which engages an external screw

thread 215 on the connector half 200. This approach is conventional
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for cylindrical connector and may include a rotational retarding
system to reduce the chances that vibrational forces would work
the coupling nut 300 out of a tight coupling with the half 200.
FIGURE 4 is an enlarged cross sectional view of the
interfacial seal 150. The paSsages 160 fof réceiving a contact
are shown, along with a plurality of air pockets 155. The air
pockets are understood to be substantially round and of random
size and spacing, relatively smaller and substantially closer
together than the paséages 160 fof contacts. The closed cell
foam is.purchased in sheets, which are then punched with a pat-
tern.of passages in the desired configuration (causing some poc-
kets 155a to intersect the passage5716O). As an alternate, the

foam could be formed by molding it to an appropriate shape with
preformed passages.
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Cilaims

1. Electrical connector assembly comprising : first
and second mating connector housings (100,200), each having a
forward face facing in the direction of the mating and passages
extending therethrough and terminating at the forward facej; and
mateable electrical contacts having low mating force (120,220)
mounted in the passages of each of the connector housings (100,
200) and extending forwardly to the forward face; characterized
in that there is provided an interfacial seal (150) mounted to
the forward face (119) of ‘at least one (100)of the connector
housings (100,200), said interfacial seal (150) including a com-
pressible layer of an elasﬁometric material formed into a closed
cell foam structure.

2. Electrical connector assembly as claimed in c¢laim 1,
characterized in that the closed cell foam elastomeric material
is chosen from a group including silicone rubbers and neoprene.

3. Electrical connector assembly as claimed in claim?2,
characterized in that the closed cell foam elastomeric material
is silicone rubber.

L, Electrical connector assembly as claimed in claim?2,
characterized in that the density of the closed cell foam elas-
tomeric material is chosen to be in the range of approximately
35%-55%-of the density of a solid piece of the same material.

5. Electrical connector assembly as claimed in claim 3,
characterized in that the density of the closed cell foam elas-
tomeric material is approximately 45% of fhe density of a solid
piece -of silicone rubber.

6. Electrical connector assembly as claimed in claim 1,
characterized in that each of the connector housings.(100,200)
includes a rear-mounted moisture-resisting grommet (180;280).

7. Electrical connector assembly as claimed in claim 6,
characterized in that said grommet (180;280) is made of a closed
cell foam elastomeric material.

8.Electrical connector assembly as claimed in claim 1,
characterized in that the compressible layer of closed cell foam
elastomeric material is formed from a sheet of polymethyl silane.
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