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(54) Connector

(57) A connector for deployment underwater and for
electrically connecting an underwater cable to an under-
water electrical installation; the connector comprising: a
first connector part comprising a first conductive core; a
second connector part comprising a second conductive
core, the second conductive core being arranged to be
electrically connected to the first conductive core to form
an electrical connection; an insulating body which, when

FIG 1
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the first and second conductive cores are electrically con-
nected, is radially outwardly of and circumferentially
around the electrical connection; and a conductive stress
control portion which, when the first and second conduc-
tive cores are electrically connected, is in electrical con-
tact with the electrical connection and is located radially
between the electrical connection and the insulating
body.
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Description
Field of the invention

[0001] The invention relates to a connector for deploy-
ment underwater and for electrically connecting an un-
derwater cable to an underwater electrical installation.

Background

[0002] It is known to connect an underwater cable to
a bulkhead of an underwater electrical installation. This
achieved by providing a first connector part on the cable
and a second connector part on the electrical installation
for connection with the first connector part. The first con-
nector part comprises a pin in an insulating bushing, the
pin having a socket for receiving a pin of the second con-
nector part. Additionally an insulating body is provided
on the first connector part and provides a socket for re-
ceiving the second connector part.

[0003] The presentinvention is concerned with provid-
ing a connector for deployment underwater and for elec-
trically connecting an underwater cable to an underwater
electrical installation which has improved electrical prop-
erties.

Summary

[0004] The present invention provides a connector for
deployment underwater and for electrically connecting
an underwater cable to an underwater electrical installa-
tion; the connector comprising: a first connector part com-
prising a first conductive core; a second connector part
comprising a second conductive core, the second con-
ductive core being arranged to be electrically connected
to the first conductive core to form an electrical connec-
tion; an insulating body which, when the first and second
conductive cores are electrically connected, is radially
outwardly of and circumferentially around the electrical
connection; and a conductive stress control portion
which, when the first and second conductive cores are
electrically connected, is in electrical contact with the
electrical connection and is located radially between the
electrical connection and the insulating body.

[0005] The provision of the conductive stress control
portion means that the electrical field around the electri-
cal connection can be controlled and in particular regions
of high electrical stress can be avoided. This means that
the electrical connection between the first and second
conductive cores can be of any shape, and for example
may include sharp corners, without affecting the perform-
ance or lifetime of the connector. Preferably the stress
control portion is shaped so as to control the electrical
stresses around the electrical connection. For example,
preferably the stress control portion has a smooth radially
outer surface.

[0006] The provision of the stress control portion
means that the connector can be reliably used at higher
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voltages. For example, it may be adapted to handle al-
ternating root mean square (RMS) voltages up to 20 or
30 or 40 or 50 or 60 or 70 or 80 or 90 or 100 or 110 or
120 or 130 or 140 kV or above.

[0007] Preferably the first connector part is for connec-
tion to an underwater cable. Preferably the second con-
nector part is for connection to an underwater electrical
installation such as an underwater or subsea transform-
er. For example the second conductive core may be ar-
ranged to extend across the bulkhead of the electrical
installation.

[0008] The first connector part may be provided on the
underwater cable at a first location, such as afirst factory,
and the second connector part may be provided on the
underwater electrical installation at a separate second
location, such as a second factory, before the two con-
nector parts are brought together in a common location,
such as on a deployment vessel at sea, to form the elec-
trical connection.

[0009] In a preferred embodiment the first and second
conductive cores are pins.

[0010] Preferably the first connector part and the sec-
ond connector part are designed to be mated out of water,
for example onshore or on the deck of a vessel, and then
deployed underwater or subsea, i.e. the connector is a
dry mate connector.

[0011] In a preferred embodiment the connector com-
prises a pressure compensation means. Forexample the
pressure compensation means may be a flexible dia-
phragm which is provided radially outwardly of the insu-
lating body. This means that volume changes due to tem-
perature and pressure changes when the connector is
deployed underwater can be accommodated. Pressure
in the region of the electrical connection can be balanced
with respect to external pressure, so as to inhibit ingress
of water or contaminants into the connector.

[0012] In a preferred embodiment the first connector
part comprises a firstinsulating bushing circumferentially
around the first conductive core and the second connec-
tor part comprises a second insulating bushing circum-
ferentially around the second conductive core. In other
words, each of the conductive cores is provided with in-
sulation in addition to the insulating body provided around
the electrical connection. When the first and second con-
ductive cores are electrically connected preferably the
insulating body extends axially between the first and sec-
ond insulating bushings and in a preferred embodiment
is in direct contact with the two bushings.

[0013] Preferably when the first and second conduc-
tive cores are electrically connected, the conductive
stress control portion extends axially from a position ra-
dially outwardly of the firstinsulating bushing to a position
radially outwardly of the second insulating bushing. This
means that the stress control portion entirely envelopes
the electrical connection thereby shielding it from elec-
trical stresses.

[0014] The first connector part may comprise a first
conductive layer embedded in, or on, the first insulating
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bushing, and the second connector part may comprise
a second conductive layer embedded in, or on, the sec-
ond insulating bushing. The first or second conductive
layers may be atubular mesh embedded in the respective
bushing.

[0015] Ina preferred embodiment the conductive layer
is provided on or near to a radially outwardly facing sur-
face of each of the insulating bushings.

[0016] Preferably the conductive layer in or on each of
the bushings is formed of copper.

[0017] In a preferred embodiment a conductive layer
is provided on the radially outer surface of the insulating
body.

[0018] The conductive layer may be applied to the in-
sulating body by any known means such as spraying.
This means that a conductive layer which has a good
interface with the insulating body can be provided.
[0019] When a conductive layer is provided in, or on,
the bushings and a conductive layer is provided on the
insulating body, when the first and second conductive
cores are electrically connected, preferably the conduc-
tive layer on the insulating body axially overlaps the con-
ductive layers on the first and second insulating bush-
ings. This overlap forms an electrical shield radially out-
wardly of the electrical connection.

[0020] When the connector is in use the conductive
layers in (or on) the bushings and the conductive layer
ontheinsulating body are preferably electrically connect-
ed to earth such that they act as an earth screen. This
will protect components radially outwardly of the earth
screen, for example pressure compensation means,
from electrical stresses which may increase the lifetime
of the connector.

[0021] Preferably in use the conductive cores and the
stress control portion will be at high voltage and the con-
ductive layers of the bushings and the insulating body
will be earthed. This will create an electric field therebe-
tween which is accommodated by the insulating bushings
and the insulating body.

[0022] In a preferred embodiment the connector com-
prises a conductive connecting piece between the first
conductive core and the second conductive core which
forms the electrical connection. In other words the con-
ductive connecting piece is located between the two con-
ductive cores to provide a continuous electrical connec-
tion.

[0023] When the connector comprises a conductive
connecting piece it is preferable that the stress control
portion extends axially over the region where each con-
ductive core engages with the conductive connecting
piece. This means that the stress control portion can ef-
fectively control the stresses around the electrical con-
nection.

[0024] In a preferred embodiment the first conductive
core comprises a first socket and the second conductive
core comprises a second socket and a first end portion
the conductive connecting piece is received in the first
socket and a second end portion of the conductive con-

10

15

20

25

30

35

40

45

50

55

nective piece so as to form the electrical connection. This
allows the connector parts to be easily electrically con-
nected prior to deployment of the connector to an under-
water location.

[0025] In a preferred embodiment the conductive con-
necting piece comprises a central portion axially between
the two end portions which are received in the sockets
of the conductive cores. Preferably the central portion of
the conductive connecting piece has a dimension in the
radial direction which is greater than the diameter of the
conductive cores, i.e. the central portion of the conductive
connecting piece extends radially outwardly of the con-
ductive cores. Preferably the central portion is in direct
contact with the stress control portion. This ensures that
there is a good electrical connection between the elec-
trical connection and the stress control portion.

[0026] In an embodiment the stress control portion is
ametal piece. Alternatively the stress control portion may
be a conductive moulding such as a silicone moulding.
[0027] When the stress control portion is a conductive
silicone moulding the stress control portion may be flex-
ible. This means that it can be stretched around the elec-
trical connection which causes it to be energised onto
the electrical connection to thereby ensure that the elec-
trical connection therebetween is reliable.

[0028] In a preferred embodiment the insulating body
is moulded onto the stress control portion. When the
stress control portion is a moulding this forms an over-
moulding, i.e. the stress control portion is moulded and
then the insulating body is moulded onto the moulded
stress control portion. This ensures that the interface be-
tween the stress control portion and the insulating body
does not contain any air gaps.

[0029] In a preferred embodiment the insulating body
forms a socket for receiving a portion of the second con-
nector part, for example the second insulating bushing,
during mating of the connector parts. The second con-
nector part may plug into the insulating body during mat-
ing of the connector parts. This means that the connector
parts can easily be fitted together to form the connection
before being deployed to an underwater location.
[0030] In a preferred embodiment the stress control
portion forms a socket for receiving a portion of the sec-
ond connector part during mating of the connector parts,
for example for receiving an end of the conductive core
and the bushing of the second connector part.

[0031] For example the first connector part, which may
comprise thefirst conductive core and its insulating bush-
ing, the conductive connecting piece, the stress control
portion and the insulating body which forms a socket,
may be provided on an underwater cable at a first loca-
tion, and the second connector part, which may comprise
the second conductive core and its insulating bushing,
may be provided on the underwater electrical installation
at a separate second location before the two connector
parts are brought together, by inserting the second con-
nector part into the socket formed by the insulating body
on the first connector part, at a common location to form
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the electrical connection. Alternatively the first connector
part may be provided on the underwater electrical instal-
lation and the second connector part may be provided
on the underwater cable.

[0032] It is to be understood that the features men-
tioned above and those yet to be explained below can
be used not only in the respective combinations indicat-
ed, but also in other combinations or in isolation, without
leaving the scope of the present invention.

Brief description of the drawings

[0033] Certain preferred embodiments of the present
invention will now be described by way of example only
with reference to the accompanying drawings, in which:

Fig. 1 shows an axial cross sectional view of part of
a dry-mate connector according to a first embodi-
ment of the invention;

Fig. 2 shows an axial cross sectional view of part of
the first connector part of the connector shown in
Fig. 1;

Fig. 2 shows an axial cross sectional view of part of
the second connector part of the connector shown
in Fig. 1;

Figure 3 shows an axial cross sectional view of part
of a dry-mate connector according to a second em-
bodiment of the invention; and

Figure 4 shows the moulding of the dry-mate con-
nector shown in Figure 2.

Detailed description

[0034] Referring to Figure 1, part of a dry-mate con-
nector is shown (the Figure only shows one half of the
connector in the radial direction and the connector is sym-
metrical about line 1). The dry-mate connector is electri-
cally connecting a subsea cable (not shown) to a subsea
transformer (not shown). The dry mate connector com-
prises a first conductive pin 2 which is connected at one
end to the subsea cable (not shown) and a second con-
ductive pin 4 which extends across the bulkhead of the
subsea transformer (not shown).

[0035] Thefirst conductive pin 2 is electrically connect-
ed to the second conductive pin 4 via a conductive con-
necting piece 6. The first and second conductive pins 2,
4 and the connecting piece 6 are all made of copper.
Each of the pins 2, 4 comprises a socket, each of which
receive one end of the conductive connecting piece 6.
The connecting piece 6 thus has an end portion at each
end which is received in the respective sockets of the
pins 2, 4 and a central portion which is located between
the two pins.

[0036] The central portion of the connecting piece 6
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has a diameter which is greater than the outer diameter
of the pins 2, 4. When the connecting piece 6 is received
in each of the sockets in the pins 2, 4 the axially facing
end surfaces of the pins abuts against the axially facing
end surfaces of the central portion of the conductive con-
necting piece 6. The central portion of the conductive
connecting piece extends radially beyond the radial outer
surface of each of the pins 2, 4.

[0037] The first conductive pin 2 is surrounded by an
electrically insulating bushing 8 and the second conduc-
tive pin 4 is surrounded by an electrically insulating bush-
ing 10. Each of the insulating bushings 8, 10 are formed
of an insulating epoxy material. Additionally each of the
insulating bushings 8, 10 are provided with a conductive
mesh 12, 14 embedded in the bushing and near the ra-
dially outwardly facing surface of each of the bushings
8, 10. The embedded conductive meshes 12, 14 are
made of copper.

[0038] The connector also comprises a conductive
stress control piece 16. When the first and second pins
2, 4 are electrically connected via the connecting piece
6, the conductive stress control piece 16 is in electrical
connection with the conductive connecting piece 6.
[0039] The conductive stress control piece 16 axially
overlaps and is radially outwardly of an end portion of
each of the bushings 8, 10 and the end of each of the
pins 2, 4 to thereby provide an effective stress control of
the electrical connection.

[0040] An insulating body 18 is provided radially out-
wardly of the electrical connection and the stress control
piece 16. The insulating body is a rubber moulding.
[0041] The insulating body 18 is in direct contact with
each of the insulating bushings 8, 10 and the stress con-
trol piece 16. The insulating body extends axially over
and radially outwardly of the embedded conductive mesh
12, 14 provided in each of the bushings. The insulating
body is provided on its radially outwardly facing surface
with a thin conductive layer.

[0042] When the first and second pins 2, 4 are electri-
cally connected the conductive layer 20 on the insulating
body 18 axially overlaps the conductive mesh 12, 14 in
each of the insulating bushings 8, 10.

[0043] Inuse, the pins 2, 4, the conductive connecting
piece 6 and the stress control piece 16 are at high voltage
and the conductive meshes in the bushings 12, 14 and
the conductive layer on the insulating body 20 are earthed
such that they act as an earth screen. This will protect
components radially outwardly of the earth screen, for
example a pressure compensation means (not shown),
from electrical stresses. This will create an electric field
which is accommodated by the insulating bushings 8, 10
and the insulating body 18.

[0044] Fig 2 shows the first connector part (of Fig. 1)
in an unmated condition and Fig 3 shows the second
connector part (of Fig. 1) in an unmated condition.
[0045] The first connector part comprises the first pin
1, the first insulating bushing 8 which is provided with the
conductive mesh 12. In the socket in the pin is provided
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the conductive connecting piece 6. Radially outwardly of
the connecting piece is the stress control piece 16 and
the insulating body 18 which is coated with the conductive
layer 20. The insulating body 18 and the stress control
piece 16 provide a socket for receiving the second con-
nector piece. The first connector part is provided on a
cable (not shown) at a first location.

[0046] Ata second location, which may be remote from
the first location, the second connector part shown in Fig.
3 is provided on a transformer which is for deployment
underwater. The second connector part comprises the
second pin 4 which is surrounded by bushing 10 which
is provided with conductive layer 14. The first and second
connector parts are brought to a common location. The
second connector part is inserted into the socket formed
by the first connector part which brings the second pin 4
into electrical contact with the connecting piece 6 of the
first connector part to form the electrical connection as
shown in Fig. 1. The connector can then be deployed
underwater.

[0047] Fig. 4 shows another embodiment of the
present invention. The connector of Fig. 4 has the same
components as the connector of Fig. 1 and the equivalent
reference numerals (increased by 100) are used accord-
ingly. The difference between the connectors of the first
and second embodiment is that rather than the stress
control piece 16 of Fig. 1 being a metal piece around
which the insulating body 18 is provided, the stress con-
trol piece 116 is a conductive moulding such as a con-
ductive silicone.

[0048] Theinsulatingbody 118isdirectly moulded onto
the stress control piece 116, before assembly of the first
connector part, to form an overmoulding as shown in Fig.
5. This provides a reliable interface between the stress
control piece 116 and the insulating body 118. The over-
moulding can then be provided with the first pin 102, the
conductive connecting piece 116, and the bushing 108
to form the first connector part. All other aspects of the
second embodiment are the same as the first embodi-
ment and will not be described to avoid unnecessary rep-
etition.

[0049] While specific embodiments of the inventionare
disclosed herein, various changes and modifications can
be made without departing from the scope of the inven-
tion. The present embodiments are to be considered in
all respect as illustrative and non-restrictive, and all
changes coming within the meaning and equivalency
range of the appended claims are intended to be em-
braced therein.

Claims

1. Aconnector for deploymentunderwater and for elec-
trically connecting an underwater cable to an under-
water electrical installation; the connector compris-

ing:
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- afirst connector part comprising afirst conduc-
tive core (2, 102);

- a second connector part comprising a second
conductive core (4, 104), the second conductive
core (4, 104) being arranged to be electrically
connected to the first conductive core (2, 102)
to form an electrical connection;

- an insulating body (18, 118) which, when the
first and second conductive cores (2, 102; 4,
104) are electrically connected, is radially out-
wardly of and circumferentially around the elec-
trical connection; and

- a conductive stress control portion (16, 116)
which, when the first and second conductive
cores (2,102; 4, 104) are electrically connected,
isin electrical contact with the electrical connec-
tion and is located radially between the electrical
connection and the insulating body (18, 118).

A connector as claimed in claim 1, wherein the first
connector part comprises a first insulating bushing
(8, 108) circumferentially around the first conductive
core (2, 102) and the second connector part com-
prises a second insulating bushing (10, 110) circum-
ferentially around the second conductive core (4,
104).

A connector as claimed in claim 2, wherein, when
the firstand second conductive cores (2, 102; 4, 104)
are electrically connected, the conductive stress
control portion (16, 116) extends axially from a po-
sition radially outwardly of the firstinsulating bushing
(8, 108) to a position radially outwardly of the second
insulating bushing (10, 110).

A connector as claimed in claim 2 or 3, wherein the
first insulating bushing comprises a first conductive
layer (12, 112) and wherein the second insulating
bushing comprises a second conductive layer (14,
114).

A connector as claimed in any preceding claim,
wherein a conductive layeris provided on the radially
outer surface of the insulating body.

A connector as claimed in claim 5, wherein the con-
ductive layer has been applied to the insulating body

by spraying.

A connector as claimed in claims 5 or 6 when de-
pendent on claim 4, wherein, when the first and sec-
ond conductive cores are electrically connected, the
conductive layer on the insulating body extends ax-
ially over the first conductive layer of the first insu-
lating bushing and the second conductive layer of
the second insulating bushing.

A connector as claimed in any preceding claim,
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wherein the connector comprises a conductive con-
necting piece between the first conductive core and
the second conductive core to form the electrical
connection.

A connector as claimed in claim 8, wherein the first
conductive core comprises a first socket and the sec-
ond conductive core comprises a second socket and
the conductive connecting piece is received at each
end thereof in the first and second sockets so as to
form the electrical connection.

A connector as claimed in any preceding claim,
wherein the stress control portion (16) is a metal
piece.

A connector as claimedin any of claims 1t0 9, where-
in the stress control portion (116) is a conductive
silicone moulding.

A connector as claimed in claim 11, wherein the in-
sulating body (118) is moulded onto the stress con-
trol portion (116).

A connector as claimed in any preceding claim,
wherein the insulating body (18, 118) forms a socket
for receiving the second connector part when the
first and second connector parts are mated.

A connector as claimed in any preceding claim,
wherein the first conductive core is a first conductive
pin and the second conductive core is a second con-
ductive pin.

A connector as claimed in any preceding claim,
wherein the connector is arranged to be mated out
of water and then deployed underwater.
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