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(57) A connector.for use underwater or in a wet or
severe environment, comprising first (1) and second con-
nector parts adapted to be interengaged to establish an
electrical connection, the first connector part (1) having
atleast one pin (4), and the second connector part having
at least one electrical contact for engagement by the pin
(4) when the connector parts are.interengaged, the pin
(4) comprising an axially extending electrically conduc-
tive portion (20) and an axially extending electrically in-
sulating sleeve (22) around said conductive portion (20),
and the pin 84) being supported by and projecting axially
forwardly from a support (6) whereby its insulating sleeve

(22) is exposed along a longitudinally extending portion
thereof to ambient conditions when the connector parts
are disengaged. The insulating sleeve (22) of the pin (4)
has a first portion (4i) with a first diameter in front of a
second portion (4ii) with a second diameter wider than
the first diameter, and the connector part (1) having a
protective rigid metal sleeve (36) member arranged to
extend at least partly along the first portion (4i) of the
insulating sleeve (22) and atleast partly along the second
portion (4ii) thereof, the rigid metal sleeve (36) providing
mechanical support to the protected portion (25) of the
pin (4).
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Description

[0001] The present invention relates to an electrical
connector for use underwater or in a wet or severe envi-
ronment comprising first and second connector parts
adapted to be interengaged to establish an electrical con-
nection. It also related to a connector part for such a
connector.

[0002] Electrical connectors for use underwater are
known, for example from United Kingdom patent appli-
cation No. GB-A-2,192,316, to have firstand second con-
nector parts in which the first connector part has at least
one pin projecting from a support which is inserted into
a housing and fixed in place by a retainer ring. The pin
has an axially extending conductive copper core sur-
rounded by an insulating sleeve which is arranged to ex-
pose an area of the conductive core at or near the tip of
the pin for making electrical contact with a contact socket
in the second connector part.

[0003] The housing extends in an axial direction from
the support, radially outwardly of the contact pins, for
alignment with and to receive the housing of the second
connector part during interengagement. This extended
housing of the first connector part defines a pin chamber
in which the pins extend.

[0004] In the de-mated condition this pin chamber is
exposed to the external environment and flooded with,
for example, sea water. The insulating sleeve is intended
to insulate the conductive core of the pin from exposure
to the external environment.

[0005] GB-A-2,192,316 discloses an embodiment of a
connector having a wiper member provided on a resil-
iently biased piston for removing contaminants from the
outer surface of the pin prior to the entry of the pin into
sealed chambers of the second connector part. During
connection, the wiper is pushed rearwardly along the pin
by the other connector half as it advances. The pin cham-
ber defined by the first connector housing behind the pis-
ton reduces in volume during this process. The chamber
is connected to the external environment, or "free flood-
ed", in order to allow the change in volume.

[0006] GB-A-2,264,201 discloses an underwater elec-
trical connector having a plurality of pins extending from
and supported by a pin carrier and having a pin carrier
seal provided at the face of the pin carrier, adjacent to
the pins. The contact areas of the pins are electrically
isolated from the external environment at all times by way
of a slidable and resiliently biased dielectric seal carrier
disposed on the pins. The dielectric seal carrier contains
an insulating dielectric fluid sealed in a carrier cavity by
forward and rearward annular O-ring seals disposed be-
tween the pins and the carrier body. The pin chamber,
defined by the volume inside the housing behind the di-
electric seal carrier and in front of the pin carrier is open
to the external environment of seawater, i.e. it is free
flooded.

[0007] During interengagement with the second con-
nector part, the dielectric seal carrier is pushed rearward-
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ly along the pins compressing the resiliently biased hel-
ical spring. The seawater trapped in the pin chamber is
allowed to escape to the external environment by a vent
hole as the volume of the pin chamber is reduced. When
fully mated, a pin protector inner overseal on the rear of
the dielectric seal carrier and the pin carrier seal are ar-
ranged such that they are energised to expel any sea-
water from between their joining faces. The purpose of
the pin carrier seal is to seal the pin against the outside
environment when the connector parts are fully mated.
[0008] GB-A-2,330,702 discloses an underwater elec-
trical connector part having a resiliently biased, axially
movable shuttle provided between the pins and the hous-
ing. The pins are retained in a chamber defined by a
membrane containing insulating fluid. In this case, there-
fore, the pin chamber is not free flooded. The membrane
is connected to the axially rearward face of the shuttle
and the axially forward face of the pin support and double
O-ring seals are provided between the shuttle and the
pins to seal the chamber from the external environment.
The connector part is flooded with seawater from the ex-
ternal environment radially outwardly of the membrane.
The membrane is of a suitable material to allow for pres-
sure balancing in the pin chamber when the shuttle is
moved rearwardly against the resilient bias of a helical
spring during interengagement of the connectors.
[0009] The sealed chamber and shuttle arrangement
provides a seal for the base of the pins at all times. How-
ever, the movable shuttle and membrane arrangement
is a complicated arrangement which provides protection
from the external environment to the whole of the length
of the pin. This may make the apparatus more prone to
failure due to the large number of moving parts and the
moving seals.

[0010] US-A-2005/0202720 discloses a hermetic
pressure connector for providing an electrically conduc-
tive connection through a hole in a bulkhead, the con-
nector having a high pressure side and a low pressure
side defined by a transverse support member through
which extends a plurality of pins supported on a molded
connector body. The transverse support member may
be made of metal and is provided as a block arranged to
seat against a pressure bearing ledge of the bulkhead
and abut the bulkhead at its outer diameter. The pins
have aninsulating sleeve and the molded connector body
sealingly engages the transverse support member, the
connector pins and the insulating sleeves. The trans-
verse support member offers mechanical support to each
of the pins where they protrude from the molded connec-
tor body.

[0011] GB-A-2,361,365 discloses a high voltage elec-
trical connector comprising a first connector part having
pins which are arranged to, during interengagement,
pass through a seal of a second connector part into a
sealed chamber to make an electrical connection therein.
The pins have an axially extending conductive core sur-
rounded by an axially extending insulating portion. When
an electrical connection is made and current is flowing,
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the electrical field gradient can become high in the area
proximal to the conductive core such that the equipoten-
tial electrical field lines are condensed in the region of
the seal of the second connector due to the earthing effect
of sea water. This high electrical field gradient subjects
the seal to high electrical field stress which, after pro-
longed use, can lead to degradation and failure of the
seal, leakage into the sealed chamber and damage to
the second connector part. To reduce this, a screening
conductive layer electrode is embedded in the pin ar-
ranged to screen the seal of the second chamber from a
concentration of equipotential electrical field lines in the
mated condition. This embedded screening electrode
leads to a connector pin structure which may be difficult
to mold.

[0012] An alternative known arrangement is to provide
a metal screening sleeve embedded in the pin at the pin
base and the insulative layer of the pin being formed to
have a recess in which the metal screening sleeve is
seated so that its outer surface is flush with the outer
surface of the insulative layer of the pin forwardly of the
sleeve. This structure requires careful molding of the pin.
[0013] Viewedfromafirstaspect,the presentinvention
provides a connector for use underwater or in a wet or
severe environment, comprising first and second con-
nector parts adapted to be interengaged to establish an
electrical connection, the first connector part having at
least one pin, and the second connector part having at
least one electrical contact for engagement by the pin
when the connector parts are interengaged, the pin com-
prising an axially extending electrically conductive por-
tion and an axially extending electrically insulating sleeve
around said conductive portion, and the pin being sup-
ported by and projecting axially forwardly from a support
whereby its insulating sleeve is exposed along a longi-
tudinally extending portion thereof to ambient conditions
when the connector parts are disengaged, wherein the
insulating sleeve of the pin has a first portion with a first
diameter in front of a second portion with a second di-
ameter wider than the first diameter, and the connector
part having a protective rigid metal sleeve member ar-
ranged to extend at least partly along the first portion of
the insulating sleeve and at least partly along the second
portion thereof, the rigid metal sleeve providing mechan-
ical support to the protected portion of the pin.

[0014] Known connector pins may be subject to me-
chanical stress, particularly at the base area of the con-
nector pin proximal to where the pin projects axially from
the support. The stress may result from bending mo-
ments exerted on the pin where it projects from the sup-
port during mating of the connector parts, for example if
there is any misalignment. The stress may also result
from residual bending stresses due to the moulding proc-
ess and the manufacturing techniques by which the pin
itself is formed.

[0015] Inknown connectors, these stresses may result
in cracking at the base of the pin leading to failure of the
connector when the conductor core of the pin is exposed
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tothe external environment of sea water. Thus this crack-
ing may substantially shorten the operational life of the
connector.

[0016] In the present invention, providing the pin with
an insulating sleeve having a first portion with a first di-
ameterinfront of asecond portion with a second diameter
wider than the first diameter, and the connector part hav-
ing a protective rigid metal sleeve member arranged to
extend at least partly along the first portion of the insu-
lating sleeve and at least partly along the second portion
thereof, gives a pin shape which provides mechanical
support to the protected portion such that any tendency
for cracking of the pin due to high stress in that area is
reduced. It also reinforces the protected portion of the
pin and strengthens it against bending stresses acting
on the pin or may offer support against the bending
stresses acting on the pin by way of reactionary forces,
such that the stresses will not result in the cracking of
the pin. This arrangement can therefore prevent the ex-
posure of the electrically conductive portion to the ambi-
ent environment. This extends the operational lifetime of
the connector and reduces the maintenance costs of the
user.

[0017] This arrangement also reduces the localised
condensing of equipotential electrical field lines in the
region radially outwardly and behind the front of the rigid
metal sleeve thus reducing electrical stress on any ma-
terial in those screened regions.

[0018] The rigid metal sleeve preferably follows the
longitudinal profile of the insulating sleeve. Thus, in em-
bodiments where the insulating sleeve has a longitudinal
profile of varying diameter, the rigid metal sleeve may
also have a corresponding longitudinal profile. For ex-
ample, the rigid metal sleeve may have a conical section
corresponding to a conical section of the insulating
sleeve.

[0019] In some embodiments, the pin may have the
second wider diameter portion where it is carried by the
support and the narrower diameter portion extending for-
wardly from the support. This can improve the strength
of the pin against any bending or shock loads. In certain
embodiments, the protected portion of the insulating
sleeve may comprise a conically shaped section adjacent
to the support and an axially cylindrical section extending
forwardly from the conical section.

[0020] Preferably, the second portion of the insulating
sleeve having the second diameter is substantially cylin-
drical, i.e. the second diameter is constant over the axial
length of the cylinder.

[0021] In this preferred arrangement, the axial cylin-
drical extent of the insulating sleeve portion of the pin
along which the rigid metal sleeve at least partly extends
offers high rigidity and mechanical support to the protect-
ed portion of the pin and suppresses cracking.

[0022] Preferably the metal sleeve member extends in
the support and projects forwardly therefrom.

[0023] Viewed from a second aspect, the present in-
vention provides a connector for use underwater or in a
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wet or severe environment, comprising first and second
connector parts adapted to be interengaged to establish
an electrical connection, the first connector part having
at least one pin, and the second connector part having
at least one electrical contact for engagement by the pin
when the connector parts are interengaged, the pin com-
prising an axially extending electrically conductive por-
tion and an axially extending electrically insulating sleeve
around said conductive portion, and the pin being sup-
ported by and projecting axially forwardly from a support
whereby its insulating sleeve is exposed along a longi-
tudinally extending portion thereof to ambient conditions
when the connector parts are disengaged, and the first
connector part having a protective rigid metal sleeve ar-
ranged to protect a portion of the insulating sleeve for-
wardly of and adjacent to the support at least when the
connector parts are disengaged, the rigid metal sleeve
surrounding the insulating sleeve of that pin only, the rigid
metal sleeve extending in and abutting against the sup-
port and extending along at least part of the protected
portion of the pin forwardly of the support, whereby the
rigid metal sleeve provides mechanical support to the
protected portion of the pin, and wherein the external
diameter of the insulating sleeve in at least the foremost
region of the protected portion of the pin is greater than
or equal to the external diameter of the insulating sleeve
in the region immediately forward of the protected portion
of the pin.

[0024] According to this aspect of the invention, the
manufacturing process for preparing the pin and the met-
al sleeve is simplified by providing the metal sleeve as a
metal sleeve for the pin which provides a high level of
protection. The rigid metal sleeve provides mechanical
support to that pin by extending in and abutting against
the support and also extending along the protected por-
tion of the pin. In this arrangement the individual rigid
metal sleeve offers high suppression of bending and
cracking in the protected portion of that pin forwardly of
the support due to the abutment of the rigid metal sleeve
against the support but has a simple construction.
[0025] In preferred embodiments where plural pins are
provided, each pin is preferably provided with a respec-
tive rigid metal sleeve.

[0026] In the invention, the manufacturing process for
the pin is simplified because no recess in the surface of
insulating sleeve is required as a seat for the rigid metal
sleeve. Instead the rigid metal sleeve is seated on the
outer surface of the insulating sleeve which has a diam-
eter that does not decrease in the protected portion of
the pin, and therefore the pin can be simply manufactured
with no complicated moulding required. The rigid metal
sleeve can for example be put in position by merely slid-
ing it over the pin.

[0027] Further, the pin and rigid metal sleeve of the
invention can be manufactured separately having an ap-
propriate shape to fit into the support bore and they can
then be inserted into the support individually. Further,
should any pin or rigid metal sleeve fail and require re-
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placement, that pin and rigid support sleeve can be re-
moved and replaced individually. No elaborate or com-
plicated arrangement of a rigid support block that match-
es the shape of the housing and all of the pins in the
connector is needed to provide mechanical support.
Such an elaborate arrangement requires complicated
dismantling of the connector and removal of the pins and
the rigid metal support block should any of the pins or
the rigid metal support block fail and require replacement.
[0028] Therigid metal sleeve is preferably provided on
and protrudes radially from the surface of the insulating
sleeve and so does not have an outer surface which is
flush with the outer surface of the insulating sleeve.
[0029] There is preferably no relative movement be-
tween the protective member and the pin. The protective
member is preferably not provided in a sliding seal ar-
rangement. Thus in this arrangement, the protective
member engages the same part of the pin irrespective
of whether the connector parts are interengaged or dis-
engaged.

[0030] The protected portion of the insulating sleeve
preferably comprises a conically shaped section adja-
cent to the support and an axially cylindrical section ex-
tending forwardly from the conical section.

[0031] The rigid metal sleeve provides mechanical
support to the protected portion of the insulating sleeve.
The protected portion may also be protected by resilient
sealing means engaging the pin to prevent exposure of
said protected area to ambient conditions. In this ar-
rangement, further to having mechanical support to pre-
vent cracking, the protected portion of the pin is also pro-
vided with a resilient seal to prevent exposure to the am-
bientenvironment such that, evenif, despite the mechan-
ical support, the protected portion of the pin is subject to
cracking, the failure of the connector can be prevented.
The resilient seal may for example be one or more O-
rings sealing between the metal sleeve and the support.
[0032] Viewed from a third aspect, the present inven-
tion provides a connector for use underwater or in a wet
or severe environment, comprising first and second con-
nector parts adapted to be interengaged to establish an
electrical connection, the first connector part having at
least one pin, and the second connector part having at
least one electrical contact for engagement by the pin
when the connector parts are interengaged, the pin com-
prising an axially extending electrically conductive por-
tion and an axially extending electrically insulating sleeve
around said conductive portion, and the pin being sup-
ported by and projecting axially forwardly from a support
whereby its insulating sleeve is exposed along a longi-
tudinally extending portion thereof to ambient conditions
when the connector parts are disengaged, the insulating
sleeve having a metal or metallised coating deposited on
its surface at least along a length of the pin extending
forwardly from the support, the metal or metallised coat-
ing suppressing the ingress of water to the pin and re-
ducing localised condensing of equipotential electric field
lines in the region radially outwardly and behind the front
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of the rigid metal sleeve.

[0033] According to this aspect of the invention, the
pin provides protection from electrical field stresses on
material in the region outwardly of and behind the metal
coating and protection from water ingress in the area
forwardly of the support by a very simple construction
comprising a metallised coating layer on the surface of
the pin. To achieve the electrical field suppression effect,
no complicated molding of the pin is required to embed
a screening electrode in the pin, and no complicated met-
al sleeve construction that is flush with the surface of the
insulation of the pin is required. The coating may be ar-
ranged such that, when the connector parts are fully in-
terengaged, any seals in the second connector part are
screened from concentration of equipotential electrical
field lines and electrical stresses.

[0034] Further, the provision of a metal or metallised
coating on the insulating sleeve of the pin can help to
suppress water ingress and reduce attack of the insulat-
ing sleeve material which prolongs the life of the connec-
tor part as well as offering an electrical field control effect.
[0035] The metallised coating may not be pure metal,
for example the metallised coating may be metallic paint.
Alternatively the metal coating may be pure metal.
[0036] The coating may comprise a plurality of layers,
e.g. two layers. Thus there may be a base layer and a
top layer. The coating may comprise a base layer of cop-
per and a top layer of nickel.

[0037] The metal coating may comprise a base layer
preferably less than 20 pm thick. Such a base layer may
for example be copper. The base layer is further prefer-
ably less than 15 um thick, even more preferably less
than 12 pm thick, and more preferably still less than 10
pm thick, and even more preferably less than 5 pm thick.
[0038] The metal coating may also comprise a top lay-
er less than 20 pm thick. Such a top layer may for exam-
ple be nickel. The top layer is further preferably less than
15 pm thick, even more preferably less than 12 pm thick,
and more preferably still less than 10 wm thick, and even
more preferably less than 5 um thick. The total thickness
of the coating, whether it is made up of one layer or a
plurality of layers, is preferably less than 100 wm, more
preferably less than 75 pm or 50 wm or 40 wm or 30 pm
or 20 pm or 10 wm. A thickness in the range of 10 pm
to 30 wm, more preferably 15 um to 25 wm is preferred.
[0039] Inthese arrangements, the electrical field con-
trol in the area forward of the pin is effective and the
likelihood of peeling of the coating is low.

[0040] The method of depositing the metal coating on
the pin preferably comprises etching the surface of the
insulating sleeve to provide a key, and depositing the
metal layer on the keyed surface by a suitable deposition
process. Preferably, after the surface is etched an acti-
vator is applied to the surface before the coating is ap-
plied.

[0041] Viewed from afourth aspect, the presentinven-
tion provides a connector for use underwater or in a wet
or severe environment, comprising first and second con-
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nector parts adapted to be interengaged to establish an
electrical connection, the first connector part having at
least one pin, and the second connector part having at
least one electrical contact for engagement by the pin
when the connector parts are interengaged, the pin com-
prising an axially extending electrically conductive por-
tion and an axially extending electrically insulating sleeve
around said conductive portion, and the pin being sup-
ported by and projecting axially forwardly from a support
whereby its insulating sleeve is exposed along a longi-
tudinally extending portion thereof to ambient conditions
when the connector parts are disengaged, and the first
connector part having a protective member arranged to
protect a portion of the insulating sleeve forwardly of and
adjacent to the support at least when the connector parts
are disengaged.

[0042] Protection may be provided by creating a
sealed area to prevent exposure of the protected portion
to of the insulating sleeve ambient conditions, or by me-
chanical support or reinforcement of the portion being
protected. In certain embodiments, both a sealed area
and mechanical support or reinforcement are provided.
The invention has the advantage of protecting an area
of the insulating sleeve which in known connectors may
be subject to cracking.

[0043] According to this aspect of the invention, the
protective member arranged to protect a portion of the
insulating sleeve of the pin in the connector can prevent
the exposure of the electrically conductive portion to the
ambient environment, thus extending the operational life-
time of the connector and reducing the maintenance
costs of the user.

[0044] The pin may have various longitudinal profiles.
It may for example have a longitudinal profile in which
the diameter varies along the length of the pin. In some
embodiments, the pin may have a wider diameter portion
whereitis carried by the support and a narrower diameter
portion extending forwardly from the support. This can
improve the strength of the pin against any bending or
shock loads. In certain embodiments, the protected por-
tion of the insulating sleeve may comprise a conically
shaped section adjacent to the support and an axially
cylindrical section extending forwardly from the conical
section.

[0045] The protected portion of the insulating sleeve
may be protected by sealing means which engages the
pin to prevent exposure of said protected portion to am-
bient conditions, for example resilient sealing means. In
this arrangement the protected portion of the pinis sealed
off from the external environment such that if cracks were
to develop in the pin base due to stress in that area, the
connector would not fail.

[0046] The sealing means may comprise an elasto-
meric membrane. The elastomeric membrane may en-
gage the outer surface of the insulating sleeve over the
full longitudinal extent of the protected portion.

[0047] The sealing means may comprise an O-ring
seal, or a plurality of O-ring seals.
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[0048] An insulating medium may be disposed rear-
wardly of the sealing means. The insulating medium may
be a compliant material such as an elastomeric or poly-
meric material, or may be an insulating fluid such as an
oil. Such materials can expand an contract with changes
in temperature and pressure, so as to help maintain the
integrity of the sealing means and hence that of the pro-
tected area.

[0049] The protective member may provide mechani-
cal support to the protected portion of the insulating
sleeve. The protective member may comprise a rigid met-
al sleeve surrounding the insulating sleeve. The protec-
tive member may comprise a rigid supporting portion con-
nected to a housing of the first connector part. The rigid
supporting portion may form an integral part of the hous-
ing of the first connector part or may be mechanically or
sealingly connected to the housing of the first connector
part or the support by any suitable connecting means,
such as, for example, a locking ring, a screw thread, a
clamping plate or a compression seal connection or may
simply abut against the housing to provide mechanical
support. In these arrangements, the protective member
can provide sufficient mechanical support to the protect-
ed portion of the pin to prevent cracking of the pin in that
area. In the embodiments in which the protective member
provides mechanical support to the protected portion of
the insulating sleeve, the protected portion may also be
protected by resilient sealing means engaging the pin to
prevent exposure of said protected area to ambient con-
ditions.

[0050] There may be no relative movement between
the protective member and the pin. The protective mem-
ber is preferably not provided in a sliding seal arrange-
ment. Thus in this arrangement, sealing means engages
the same part of the pin irrespective of whether the con-
nector parts are interengaged or disengaged.Certain
preferred embodiments will now be described by way of
example only, with reference to the accompanying draw-
ings, in which:

Figures 1A and 1B show a partly sectioned side el-
evation of a male part of a first embodiment of an
electrical connector of the present invention, with
Figure 1B representing a detail of the area circled in
Figure 1A;

Figure 2A shows a partly sectioned side elevation of
a detail of a male part of a second embodiment of
an electrical connector of the present invention, Fig-
ures 2B and 2C showing variations of the second
embodiment;

Figure 3 shows a partly sectioned side elevation of
a male part of a third embodiment of an electrical
connector of the present invention;

Figure 4 shows a partly sectioned side elevation of
a detail of a male part of a fourth embodiment of an
electrical connector of the present invention;
Figures 5A and 5B show a partly sectioned side el-
evation of a male part of a fifth embodiment of an
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electrical connector of the present invention, with
Figure 5B representing a detail of the area circled in
Figure 5A;

Figures 6A and 6B show a cross sectioned side el-
evation of a male part of a sixth embodiment of an
electrical connector of the present invention, with
Figure 6B representing a detail of the area circled in
Figure 6A;

Figure 7 shows a cross sectioned side elevation of
a detail of a male part of a seventh embodiment of
an electrical connector of the present invention;
Figure 8 shows a cross sectioned side elevation of
a detail of a male part of a eighth embodiment of an
electrical connector of the present invention; and
Figure 9 shows a side view of a connector pin of a
second embodiment of an electrical connector of the
present invention.

Figures 1A and 1B show a male connector part 1 of
a connector according to a first embodiment of the
present invention. The male connector part is suita-
ble for interengagement with a female connector part
(not shown) underwater or in a wet or severe envi-
ronment. Connecting the male connector part 1 to-
gether with the female connector part makes an elec-
trical connection.

[0051] The male connector part 1 includes at leastone
pin 4 supported by and extending axially forwardly from
an insert 6 sealingly held in a support socket 8 of a hous-
ing 10. The insert 6 provides a support for the pin. In the
various illustrated embodiments, two pins are shown.
however, alternative embodiments have only one pin or
more than two pins. In general, at least one pin is pro-
vided.

[0052] The insert 6 may be formed of epoxy resin or
any other suitable insulating material. The insert 6 is held
in place in the support socket 8 by an insert locking ring
12. Alternatively, any suitable retaining means may be
employed, such as a screw thread.

[0053] The pin 4 extends inside the insert 6 and
projects axially rearwardly of the insert 6. The pin is held
in place in the insert 6 by a pin retaining ring 14 which
abuts against the rear face of the insert 6 such that the
pin 4 is securely held in position. Alternatively, any suit-
able means for retaining the pin in the insert 6 may be
employed.

[0054] The pin 4 extends inside a receptacle 16 de-
fined by the forwardly projecting part of the housing 10.
The receptacle is "free flooded" and thus the pin is ex-
posed to the ambient environment at least during the
demated condition of the connector parts. The wall of the
housing 10 is provided with at least one vent opening 18
to allow displacement of water from the receptacle as the
second connector portion enters the receptacle during
mating of the male and female connector parts.

[0055] The pin 4 has an axially extending conducting
portion 20 (shown in partial cut-away of the pin only) sur-
rounded by an axially extending insulating portion 22. In
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cross sectional profile, the pin has a conically shaped
section adjacent to the insert 6 and an axially cylindrical
section extending forwardly from the conical section. Al-
ternatively, the pin may have any suitable profile. The
axially extending insulating portion 22 is arranged such
that near the front end of the pin a conducting ring 21,
electrically connected to the axially extending conducting
portion 20, is exposed to make electrical contact when
mated.

[0056] During interengagement, the pin 4 enters a
sealed chamber of the female connector part containing
an insulating fluid medium until, in the fully mated posi-
tion, the axially extending conducting portion of the pin
4 engages an electrical contact in the female connector
part. At this time, the electrical connection is made and
the current may be switched on. In the fully mated con-
dition, a portion of the pin 4 surrounded by the electrically
insulating sleeve may not have entered the sealed cham-
ber of the female connector part 2 such that it remains
exposed to the ambient conditions of the seawater.
[0057] A portion of the axially extending conducting
portion 20 of the pin 4 surrounded by the axially extending
insulating portion or sleeve 22 forwardly of and adjacent
to the insert 6 is protected by protective means 24. The
insulating portion 22 of the pin thus has a protected por-
tion 25 forwardly of and adjacent to the insert 6, and an
exposed portion 27 forwardly of the protected portion 25.
[0058] Inthisfirst designthe protective means 24 com-
prises a protective member consisting of resilient sealing
means in the form of an elastomeric sealing membrane
26 which engages the pin to prevent exposure of the
protected portion 25 to ambient conditions. The elasto-
meric membrane 26 extends radially from the pin to the
wall of the housing 10 to prevent any seawater from en-
tering behind it. The elastomeric membrane 26 has a
graded or wedge shaped profile 28 extending a distance
axially along the outer surface of the electrically insulating
sleeve 22 of the pin 4 in sealing engagement therewith.
An insulating medium 30 such as a compliant insulating
elastomeric or polymeric material, or an insulating fluid
such as oil, is disposed rearwardly of the elastomeric
membrane 26. This insulating medium 30 insulates the
protected portion 25 of the pin 4 and further prevents it
from exposure toambient conditions. The compliant elas-
tomeric membrane 26 accommodates any expansion or
contraction of the insulating medium 30 due to pressure
or temperature changes, while still ensuring that the pro-
tected portion 25 of the pin 4 is prevented from exposure
to ambient conditions.

[0059] Thus ifany cracks develop in the protected por-
tion 25 of the pin 4 due to bending or shock stresses, the
protective means 24, in the form of the resilient sealing
means of the elastomeric membrane 26 and of the insu-
lating medium 30, prevents the exposure of the protected
portion 25 to ambient conditions, such as seawater, and
thus the use of the connector can continue without re-
sulting in connector failure.

[0060] Figure 2A shows a male connector part 1 of a
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connector according to a second embodiment of the
present invention, which is similar to the embodiment
shown in Figure 1, but the resilient sealing means com-
prises an elastomeric membrane 26 extending in a radi-
ally outwardly direction from the pin 4 and axially rear-
wardly direction towards the insert 6. No graded orwedge
shaped profile 28 is provided on the elastomeric mem-
brane 26. A compression ring 32, held in place by the
insert locking ring 12, abuts against the elastomeric
membrane 26 and the insert 6 such that the elastomeric
membrane 26 is sealingly engaged with the insert 6 to
prevent the protected portion 25 of the pin 4 from expo-
sure to ambient conditions. An insulating medium 30
such as a compliant insulating elastomeric or polymeric
material, or an insulating fluid such as oil, is disposed
rearwardly of the elastomeric membrane 26.

[0061] Figure 2B shows a male connector part 1 of a
connector according to a variation of the second embod-
iment of an electrical connector shown in Figure 2A, in
which no compression ring is provided and the elasto-
meric membrane 26 is held in place by being clamped
at its radially outward edge between the rear face of the
insert locking ring 12 and the front face of the insert 6
such that the elastomeric membrane 26 is sealingly en-
gaged with the insert 6 to prevent the protected portion
25 of the pin 4 from exposure to ambient conditions.
[0062] Figure 2C shows a male connector part 1 of a
connector according to another variation of the second
embodiment of an electrical connector shown in Figure
2A, in which no compression ring is provided and the
radially inner face of the insert locking ring 12 abuts di-
rectly against the elastomeric membrane 26 and the in-
sert 6 such that the elastomeric membrane 26 is sealingly
engaged with the insert 6 to prevent the protected portion
25 of the pin 4 from exposure to ambient conditions.
[0063] Thusifany cracks develop in the protected por-
tion 25 of the pin 4 due to bending or shock stresses, the
protective means 24, in the form of the resilient sealing
means of the elastomeric membrane 26 and of the insu-
lating medium 30, prevents the exposure of the protected
portion 25 to ambient conditions, such as seawater, and
thus the use of the connector can continue without re-
sulting in connector failure.

[0064] Figure 3 shows a male connector part 1 of a
connector according to a third embodiment of the present
invention wherein the resilient sealing means comprises
an elastomeric membrane 26 extending axially a dis-
tance axially along the surface of the electrically insulat-
ing sleeve 22 in sealing engagement therewith. The elas-
tomeric membrane 26 engages the outer surface of the
insulating sleeve 22 over the full longitudinal extent of
the protected portion 25 of the pin 4. The elastomeric
membrane 26 is clamped under the insert locking ring
12 such that it sealingly engages the front face of the
insert 6. The elastomeric membrane 26 is arranged such
that it sealingly engages more than one pin 4, if provided.
[0065] Thus ifany cracks develop in the protected por-
tion 25 of the pin 4 due to bending stresses, the protective
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means 24, in the form of the resilient sealing means of
the elastomeric membrane 26, prevents the exposure of
the protected portion 25 to ambient conditions, such as
seawater, and thus the use of the connector can continue
without resulting in connector failure.

[0066] Figure 4 shows a male connector part 1 of a
connector according to a fourth embodiment of the
present invention, which is similar to the embodiment
shown in Figure 3, but the resilient sealing means com-
prises an elastomeric membrane 26 extending axially
along the surface of the electrically insulating sleeve 22
in sealing engagement therewith a distance forwardly
and rearwardly of the front face of the insert 6. The elas-
tomeric membrane 26 engages the outer surface of the
insulating portion 22 over the full longitudinal extent of
the protected portion 25 of the pin 4. The portion of the
elastomeric membrane 26 extending axially rearward of
the front face of the insert 6 is provided in sealing en-
gagement 34 with the insert 6 such that the protected
portion 25 of the pin 4 is prevented from exposure to the
ambient environment. This fourth electrical connector de-
sign provides an individual elastomeric membrane 26
seal for each pin 4. Thus, in this electrical connector de-
sign, the protective means 24 can be used for individual
pins in a variety of pin arrangements.

[0067] Figures 5A and 5B show a male connector part
1 of a connector according to a fifth embodiment of the
present invention wherein the protective means 24 com-
prises a rigid supporting sleeve 36 which provides me-
chanical support to the protected portion 25 of the pin 4.
The rigid supporting sleeve 36 extends axially along the
surface of the electrically insulating sleeve 22 of the pin
4 a distance forwardly and rearwardly of the front face of
the insert 6. The rigid supporting sleeve 36 engages the
outer surface of the insulating sleeve 22 over the full lon-
gitudinal extent of the protected portion 25 of the pin 4.
[0068] The rigid supporting sleeve 36 is provided as
an individual rigid supporting sleeve 36 for each pin 4A,
4B which provides a high level of protection to the pin
which it surrounds. The rigid supporting sleeve 36 pro-
vides mechanical support to that pin and no others by
extending in and abutting against the insert 6 and also
extending along the protected portion 25 of the pin 4.
[0069] The external diameter of the insulating sleeve
22 in atleast the foremost region of the protected portion
25 of the pin 4 is greater than or equal to the external
diameter of the insulating sleeve 22 in the region 23 im-
mediately forward of the protected portion 25 of the pin.
In this way, no recess in the surface of insulating sleeve
22 is required as a seat for the rigid supporting sleeve
36. Instead the rigid supporting sleeve 36 is seated on
the outer surface of the insulating sleeve 22 which has
adiameterthatdoes notdecrease in the protected portion
25 of the pin 4, and therefore the pin 4 can be simply
manufactured with no complicated moulding required
and rigid supporting sleeve 36 can be put in position by
merely sliding it over the pin 4.

[0070] The insulating sleeve 22 of the pin 4 has a first
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portion 4i with a first diameter in front of a second portion
4ii with a second diameter wider than the first diameter.
A conically shaped portion 4iii is provided between the
first portion 4i and the second portion. The rigid support-
ing sleeve 36 is arranged to extend at least partly along
the first portion 4i of the insulating sleeve 22 and at least
partly along the second portion 4ii thereof. The rigid sup-
porting sleeve 36 provides mechanical supportto the pro-
tected portion 25 of the pin 4. Providing the pin 4 with a
rigid supporting sleeve 36 extending along the insulating
sleeve 25 having a first portion 4i and a second portion
4ii of this shape and arrangement gives a pin shape and
support sleeve that provides mechanical support to the
protected portion 25 such that cracking of the pin due to
high stress in that area is prevented. The rigid supporting
sleeve 36 is preferably comprised of rigid material such
as a metal or may be a polymeric component of high
stiffness.

[0071] The rigid supporting sleeve 36 reinforces the
protected portion 25 of the pin 4 and strengthens it
against bending or shock stresses. It offers support
against stresses acting on the pin by way of reactionary
forces, such thatthe stresses will not resultin the cracking
of the pin.

[0072] The rigid supporting sleeve 36 is provided in
sealing engagement with the electrically insulating
sleeve 22 of the pin such that the protected portion 25 of
the pin 4 is also prevented from exposure to the ambient
environment. This can be achieved for example by insert
moulding. However, even if the sleeve 36 does not form
a watertight seal with the sleeve 22, it can provide me-
chanical reinforcement and thereby prevent or minimise
cracking or the propagation of cracks. An O-ring seal is
provided between the rigid supporting sleeve 36 and the
support 6 to seal the interface therebetween.

[0073] The pin 4 has an axially extending conducting
portion 20 (shown in partial cut-away of the pin only) sur-
rounded by an axially extending insulating portion 22. In
cross sectional profile, the pin 4 has a conically shaped
section adjacent to the insert 6 and an axially cylindrical
section extending forwardly from the conical section. Al-
ternatively, the pin may have any suitable profile. The
axially extending insulating portion 22 is arranged such
that near the front end of the pin a conducting ring 21,
electrically connected to the axially extending conducting
portion 20, is exposed to make electrical contact when
mated.

[0074] Figures 6A and 6B show a male connector part
1 of a connector according to a sixth embodiment of the
presentinvention, wherein the protective means 24 com-
prises a rigid supporting portion 38 connected to the
housing 10 of the male connector part 1. The rigid sup-
porting portion 38 surrounds the full axial extent of the
protected portion 25 of the pin 4 and extends a distance
radially outwardly. The rigid supporting portion 38 is an
integrally formed part of the housing 10. Alternatively,
the rigid supporting portion 38 may be connected to the
insert 6 by being integrally formed therewith or otherwise
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instead of being connected to the housing 10.

[0075] The rigid supporting portion 38 reinforces the
protected portion 25 of the pin 4 and strengthens it
against bending or shock stresses. It offers support
against stresses acting on the pin by way of reactionary
forces, such thatthe stresses will notresultin the cracking
of the pin.

[0076] Resilient sealing means 40 engaging the pin 4
is provided to prevent exposure of the protected area of
the pin 4 to ambient conditions. Thus, even if, despite
the mechanical support, the protected portion 25 of the
pin 4 is subject to cracking, the failure of the connector
can be prevented. In this sixth embodiment, the resilient
sealing means 40 comprises an O-ring seal engaging
the pin 4 and the rigid supporting portion 38.

[0077] Figure 7 shows a male connector part 1 of a
connector according to a seventh embodiment of the
present invention, which is similar to the embodiment
shown in Figures 6A and 6B, but the protective means
24 comprises a rigid supporting portion 38 which fits into
the receptacle 16 to abut against the inner wall of the
housing 10 and provide mechanical support to the pin 4
or pins.

[0078] The rigid supporting portion 38 reinforces the
protected portion 25 of the pin 4 and strengthens it
against bending or shock stresses. It offers support
against stresses acting on the pin by way of reactionary
forces, such thatthe stresses will notresultinthe cracking
of the pin.

[0079] This abutting rigid supporting portion 38 is seal-
ingly connected to the housing 10 by resilient outer O-
ring seals 42 and resilient sealing means 40 engaging
the pin may be provided in the form of O-ring seals such
that the protected portion 25 of the pin 4 is prevented
from exposure to the external environment.

[0080] Figure 8 shows a male embodiment of the
present invention, which is similar to the embodiment
shown in Figures 6A and 6B and Figure 7, but the pro-
tective means 24 comprises a rigid supporting portion 38
and a clamped front plate 44. The rigid supporting portion
38 is an integrally formed part of the housing 10. Alter-
natively, the rigid supporting portion 38 may fit into the
receptacle 16 to abut against the inner wall of the housing
10.

[0081] The clamped front plate 44 is held in position
by at least one bolt 46. A resilient face O-ring compres-
sion seal 48 engaging the rear face of the clamped front
plate 44 and the front face of the rigid supporting portion
38 and resilient sealing means 40 engaging the pin may
be provided to prevent the exposure of the protected por-
tion 25 of the pin 4 to the external environment.

[0082] Thus the rigid supporting portion 38 reinforces
the protected portion 25 of the pin 4 and strengthens it
against bending or shock stresses. It offers support
against the bending stresses acting on the pin by way of
reactionary forces, such that the stresses will not result
in the cracking of the pin.

[0083] It should be noted that in the embodiment de-
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scribed above there is no relative movement between
the protective means 24 and the pin 4. That is, the pro-
tective means 24 is preferably not provided in a sliding
seal arrangement. Further, the protected portion 25 of
the insulating sleeve 22 may comprise a conically shaped
section adjacent to the insert 6 and an axially cylindrical
section extending forwardly from the conical section.
[0084] Figure 9 shows a connector pin 104 of a ninth
embodiment of an electrical connector of the present in-
vention. The connector pin 104 is to be mounted in an
insert 6 of a connector 1 housing in the type of electrical
connector shown in the designs described above and
shown in Figures 1-8.

[0085] The insulating sleeve 22 has a metal coating
105 deposited on its surface along a length of the pin in
the region where the pin extends forwardly from the insert
6 when mounted in an electrical connector 1.

[0086] The metal coating 105 has a base layer of cop-
per 10um thick and a top layer of nickel also 10um thick.
[0087] The metal coating 105 is deposited on the sur-
face of the insulating sleeve 22, which is form of Poly-
etheretherketone (PEEK), by first acid etching the sur-
face of the PEEK in a masked off region of the part to
provide a key. An activator is then applied to the surface
of the PEEK to enable the deposition. The base layer
and the top layer are then sequentially deposited by a
suitable deposition technique, such as electroplating.
[0088] The metal coating 105 suppresses the ingress
of water to the pin 4 and reduces localised condensing
of equipotential electric field lines in the region radially
outwardly and behind the front of the metal coating 105.
[0089] By arranging the metal coating 105 to extend
along the pin 4 such that, when the connector parts are
fully mated the metal coating 105 reaches to the position
where it screens any seals in the second connector part
from concentration of electrical field lines, electrical field
stress can be reduced and the lifetime of the connector
can be extended, without requiring a complicated mold-
ing or machining of the pins to include a screening elec-
trode.

[0090] The following clauses set out features of the
invention which may not presently be claimed in this ap-
plication, but which may form the basis for future amend-
ment or a divisional application:

1. A connector for use underwater or in a wet or se-
vere environment, comprising first and second con-
nector parts adapted to be interengaged to establish
an electrical connection, the first connector part hav-
ing at least one pin, and the second connector part
having at least one electrical contact forengagement
by the pin when the connector parts are interen-
gaged, the pin comprising an axially extending elec-
trically conductive portion and an axially extending
electrically insulating sleeve around said conductive
portion, and the pin being supported by and project-
ing axially forwardly from a support whereby its in-
sulating sleeve is exposed along a longitudinally ex-
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tending portion thereof to ambient conditions when
the connector parts are disengaged, wherein the in-
sulating sleeve of the pin has a first portion with a
first diameter in front of a second portion with a sec-
ond diameter wider than the first diameter, and the
connector part having a protective rigid metal sleeve
member arranged to extend at least partly along the
first portion of the insulating sleeve and atleast partly
along the second portion thereof, the rigid metal
sleeve providing mechanical support to the protect-
ed portion of the pin.

2. A connector for use underwater or in a wet or se-
vere environment, comprising first and second con-
nector parts adapted to be interengaged to establish
an electrical connection, the first connector part hav-
ing at least one pin, and the second connector part
having at least one electrical contact for engagement
by the pin when the connector parts are interen-
gaged, the pin comprising an axially extending elec-
trically conductive portion and an axially extending
electrically insulating sleeve around said conductive
portion, and the pin being supported by and project-
ing axially forwardly from a support whereby its in-
sulating sleeve is exposed along a longitudinally ex-
tending portion thereof to ambient conditions when
the connector parts are disengaged, and the first
connector part having a protective rigid metal sleeve
arranged to protect a portion of the insulating sleeve
forwardly of and adjacent to the support atleast when
the connector parts are disengaged, the rigid metal
sleeve surrounding the insulating sleeve of that pin
only, the rigid metal sleeve extending in and abutting
against the support and extending along at least part
of the protected portion of the pin forwardly of the
support, whereby the rigid metal sleeve provides me-
chanical support to the protected portion of the pin,
and wherein the external diameter of the insulating
sleeve in at least the foremost region of the protected
portion of the pin is greater than or equal to the ex-
ternal diameter of the insulating sleeve in the region
immediately forward of the protected portion of the

pin.

3. A connector as defined in clause 1 or 2, wherein
the protected portion of the insulating sleeve com-
prises a conically shaped section adjacent to the
support and an axially cylindrical section extending
forwardly from the conical section.

4. A connector for use underwater or in a wet or se-
vere environment, comprising first and second con-
nector parts adapted to be interengaged to establish
an electrical connection, the first connector part hav-
ing at least one pin, and the second connector part
having at least one electrical contact for engagement
by the pin when the connector parts are interen-
gaged, the pin comprising an axially extending elec-
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trically conductive portion and an axially extending
electrically insulating sleeve around said conductive
portion, and the pin being supported by and project-
ing axially forwardly from a support whereby its in-
sulating sleeve is exposed along a longitudinally ex-
tending portion thereof to ambient conditions when
the connector parts are disengaged, the insulating
sleeve having a metal or metallised coating depos-
ited on its surface at least along a length of the pin
extending forwardly from the support, the metal or
metallised coating suppressing the ingress of water
to the pin and reducing localised condensing of equi-
potential electric field lines in the region radially out-
wardly and behind the front of the metal coating.

5. A connector as defined in clause 4, wherein the
metal or metallised coating comprising a base layer
and a top layer.

6. A connector as defined in clause 5, wherein the
base layer comprises copper.

7. A connector as defined in clause 5 or 6, wherein
the top layer comprises nickel.

8. A connector as defined in clause 5, 6 or 7, wherein
the base layer is less than 15p.m thick.

9. A connector as defined in clause 5, 6, 7 or 8,
wherein the top layer is less than 15um thick.

10. A connector as defined in any of clauses 4 to 9,
wherein the thickness of the metal or metallised coat-
ing is less than 30p.m.

11. A connector as defined in any of clauses 4 to 9,
wherein the thickness of the metal or metallised coat-
ing is less than 100p.m.

12. A method of depositing the metal or metallised
coating on a pin of a connector as defined in any of
clauses 4 to 11, comprising etching the surface of
the insulating sleeve to provide a key, and depositing
the coating on the keyed surface by a suitable dep-
osition process.

13. A connector for use underwater or in a wet or
severe environment, comprising first and second
connector parts adapted to be interengaged to es-
tablish an electrical connection, the first connector
part having at least one pin, and the second connec-
tor part having at least one electrical contact for en-
gagement by the pin when the connector parts are
interengaged, the pin comprising an axially extend-
ing electrically conductive portion and an axially ex-
tending electrically insulating sleeve around said
conductive portion, and the pin being supported by
and projecting axially forwardly from a support
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whereby its insulating sleeve is exposed along a lon-
gitudinally extending portion thereof to ambient con-
ditions when the connector parts are disengaged,
and the first connector part having a protective mem-
ber arranged to protect a portion of the insulating
sleeve forwardly of and adjacent to the support at
least when the connector parts are disengaged.

14. A connector as defined in clause 13, wherein the
protected portion of the insulating sleeve is protected
by sealing means which engages the pin to prevent
exposure of said protected portion to ambient con-
ditions.

15. A connector as defined in clause 13, wherein the
protective member of the insulating sleeve provides
mechanical support to the protected portion of the
pin.

Claims

A connector for use underwater or in a wet or severe
environment, comprising first and second connector
parts adapted to be interengaged to establish an
electrical connection, the first connector part having
at least one pin, and the second connector part hav-
ing at least one electrical contact for engagement by
the pin when the connector parts are interengaged,
the pin comprising an axially extending electrically
conductive portion and an axially extending electri-
cally insulating sleeve around said conductive por-
tion, and the pin being supported by and projecting
axially forwardly from a support whereby its insulat-
ing sleeve is exposed along a longitudinally extend-
ing portion thereof to ambient conditions when the
connector parts are disengaged, the pin having a
wider diameter portion where it is carried by the sup-
port and a narrower diameter portion extending for-
wardly from the support, and the first connector part
having a protective member arranged to protect a
portion of the insulating sleeve forwardly of and ad-
jacent to the support at least when the connector
parts are disengaged, wherein the protected portion
of the insulating sleeve is protected by sealing
means which engages the pin to prevent exposure
of said protected portion to ambient conditions, and
the sealing means comprising one or more O-ring
seals engaging the narrower diameter portion of the
pin.

A connector as claimed in claim 1, wherein the seal-
ing means engages the insulating sleeve of the pin.

A connector as claimed in claim 1 or 2, wherein the
protected portion of the insulating sleeve comprises
a conically shaped section adjacent to the support
and an axially cylindrical section extending forwardly
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from the conical section.

A connector as claimed in claim 1, 2 or 3, wherein
the protective portion is integrally formed with the
support.

A connector as claimed in claim 1, 2 or 3, wherein
the protective member is an integrally formed part
of a housing of the first connector part.

A connector as claimed in claim 1, 2 or 3, wherein
the protective member is a rigid supporting portion
which abuts against an inner wall of a housing of the
first connector part.

A connector as claimed in claim 6, wherein the rigid
supporting portion is sealingly connected to the
housing by resilient outer O-ring seals.

A connector as claimed in claim 1, 2 or 3, wherein
the protective member comprises a rigid supporting
portion and a clamped front plate.

A connector as claimed in claim 8, wherein the
clamped front plate is held in position by at least one
bolt, and wherein a resilient face O-ring compression
seal engages a rear face of the clamped front plate
and a front face of the rigid supporting portion.
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